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beginning of  simulation  Yasara assigns  random velocities  using a  Maxwell-Boltzmann 

distribution.

Step 1. Calculates of potential energy of each atom using initial positions of atoms. 

Acceleration is calculated from the potential energy. 

Step 2. New velocities are calculated.

Step 3. New coordinates are calculated and we go back to the step 1.

Figure 6.3. Algorithm of trajectory propagation (figure from 
http://swift.cmbi.kun.nl/teach/B1SEM/B1SEM_10.html).

6.4.3 Initial state and simulation parameters

There are several initial parameters that need to be specified for the system used in 

MD. Coordinates are mostly obtained from experimentally determined three-dimensional 

structures in PDB file-format or from energetically minimized, optimized structures built 

from scratch using a molecular builder.

To specify the size of the system, we need to limit it by defining a simulation cell. 

Cell boundary conditions can be periodic (transparent wall surrounded by copies of itself) 

or the simulation cell is really surrounded by a wall.

The  macrostate  of  the  system in  MD is  described  by N (number  of  particles),  P 

(pressure), T (temperature), V (volume).  The conditions under which MD is specified in 

our case conserve the total number of particles N, total pressure P and temperature T – the 

isothermal-isobaric (NPT) ensemble  (number of particles, temperature and pressure are 

constant). In addition to a thermostat, a barostat is needed. The NPT ensemble resembles 

most closely laboratory conditions with a flask open to ambient temperature and pressure. 

The pressure is kept constant by rescaling the simulation cell (Yasara documentation). The 

temperature is adjusted using a Berendsen thermostat (Berendsen et al. 1984) based on the 

time-averaged  temperature  and  at  regular  intervals  is  rescaled  to  keep  temperature 

constant.
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APPENDIX

List of papers with abstracts

Article 1: The α-galactosidase type A gene aglA from Aspergillus niger encodes a fully functional α-N-

acetylgalactosaminidase. Kulik N, Weignerova L, Filipi T, Pompach P, Novak P, Mrazek H, 

Slamova K, Bezouska K, Kren V, Ettrich R. 2010. Glycobiology. 20(11):1410-1419.

Abstract:  Two genes in the genome of  Aspergillus niger,  aglA and  aglB,  have been assigned to 

encode for α-d-galactosidases variant A and B. However, analyses of primary and 3D structures based on 

structural models of these two enzymes revealed significant differences in their active centers suggesting 

important differences in their specificity for the hydrolyzed carbohydrates. To test this unexpected finding, a 

large screening of libraries from 42 strains of filamentous fungi succeeded in identifying an enzyme from A. 

niger CCIM K2 that exhibited both α-galactosidase and α-N-acetylgalactosaminidase activities,  with the 

latter activity predominating. The enzyme protein was sequenced, and its amino acid sequence could be 

unequivocally assigned to the enzyme encoded the aglA gene. Enzyme activity measurements and substrate 

docking clearly demonstrated the preference of the identified enzyme for α-N-acetyl-d-galactosaminide over 

α-d-galactoside. Thus, we provide evidence that the α-galactosidase type A gene aglA from A. niger in fact 

encodes a fully functional α-N-acetylgalactosaminidase using a retaining mechanism.

Article  2:  Structure  of  the  dimeric  N-glycosylated  form  of  fungal  beta-N-acetylhexosaminidase 

revealed by computer modeling, vibrational spectroscopy, and biochemical studies.  Ettrich R, 

Kopecky V Jr, Hofbauerova K, Baumruk V, Novak P, Pompach P, Man P, Plihal O, Kuty M, Kulik N, 

Sklenar J, Ryslava H, Kren V, Bezouska K. 2007. BMC Struct Biol. 7:32.

Abstract: BACKGROUND: Fungal beta-N-acetylhexosaminidases catalyze the hydrolysis of 

chitobiose into its constituent monosaccharides. These enzymes are physiologically important during the life 

cycle of the fungus for the formation of septa, germ tubes and fruit-bodies. Crystal structures are known for 

two monomeric bacterial enzymes and the dimeric human lysosomal beta-N-acetylhexosaminidase. The 

fungal beta-N-acetylhexosaminidases are robust enzymes commonly used in chemoenzymatic syntheses of 

oligosaccharides. The enzyme from Aspergillus oryzae was purified and its sequence was determined.

RESULTS:  The  complete  primary  structure  of  the  fungal  beta-N-acetylhexosaminidase  from 

Aspergillus oryzae CCF1066 was used to construct molecular models of the catalytic subunit of the enzyme, 

the enzyme dimer, and the N-glycosylated dimer. Experimental data were obtained from infrared and Raman 

spectroscopy, and biochemical studies of the native and deglycosylated enzyme, and are in good agreement 

with the models. Enzyme deglycosylated under native conditions displays identical kinetic parameters but is 

significantly less stable in acidic conditions, consistent with model predictions. The molecular model of the 

76



deglycosylated  enzyme  was  solvated  and  a  molecular  dynamics  simulation  was  run  over  20  ns.  The 

molecular model is able to bind the natural substrate - chitobiose with a stable value of binding energy  

during the molecular dynamics simulatio.

CONCLUSION: Whereas the intracellular bacterial beta-N-acetylhexosaminidases are monomeric, 

the extracellular secreted enzymes of fungi and humans occur as dimers. Dimerization of the fungal beta-N-

acetylhexosaminidase  appears  to  be  a  reversible  process  that  is  strictly  pH dependent.  Oligosaccharide 

moieties  may  also  participate  in  the  dimerization  process  that  might  represent  a  unique  feature  of  the 

exclusively  extracellular  enzymes.  Deglycosylation  had  only  limited  effect  on  enzyme  activity,  but  it 

significantly  affected  enzyme  stability  in  acidic  conditions.  Dimerization  and  N-glycosylation  are  the 

enzyme's strategy for catalytic subunit stabilization. The disulfide bridge that connects Cys448 with Cys483 

stabilizes a hinge region in a flexible loop close to the active site, which is an exclusive feature of the fungal 

enzymes, neither present in bacterial nor mammalian structures. This loop may play the role of a substrate 

binding  site  lid,  anchored  by  a  disulphide  bridge  that  prevents  the  substrate  binding  site  from  being 

influenced by the flexible motion of the loop

Article 3: Enzymatic characterization and molecular modeling of an evolutionary interesting fungal 

beta-N-acetylhexosaminidase. Ryslava H, Kalendova A, Doubnerova V, Skocdopol P, Hodkova A, 

Kukacka Z, Slamova K, Bojarova P, Pompach P, Kumar V, Kulik N, Ettrich R, Kren V and Bezouska 

K. FEBS Journal, accepted, 5.5.2011, in press.

SUMMARY:  Fungal  β-N-acetylhexosaminidases  are  inducible  extracellular  enzymes  with  many 

biotechnological  applications.  The  enzyme  from  Penicillium oxalicum has  unique  enzymatic  properties 

despite  its  close  evolutionary  relationship  with  other  fungal  hexosaminidases.  It  has  high  GalNAcase 

activity, better tolerates substrates with the modified N-acyl group, and has some other unusual catalytic 

properties. In order to understand these features, we performed isolation, biochemical and enzymological 

characterization,  molecular  cloning,  and  molecular  modeling.  The  native  enzyme  is  composed  of  two 

catalytic units (65 kDa each) and two propeptides (15 kDa each), yielding a molecular weight of 160 kDa. 

Enzyme deglycosylated  by  endoglycosidase  H had  comparable  activity,  but  reduced  stability.  We have 

cloned and sequenced the gene coding for the entire hexosaminidase from P. oxalicum. Sufficient sequence 

identity  of  this  hexosaminidase  with  the  structurally  solved  enzymes  from  bacteria  and  humans  with 

complete conservation of all catalytical residues allowed us to construct a molecular model of the enzyme. 

Results from molecular dynamics simulations and substrate docking supported the experimental kinetic and 

substrate  specificity  data  and  provided  a  molecular  explanation  for  why  the  hexosaminidase  from  P. 

oxalicum is unique among the family of fungal hexosaminidases.
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Article 4: 4-Deoxy-substrates for beta-N-acetylhexosaminidases: how to make use of their loose 

specificity. Slamova K, Gazak R, Bojarova P, Kulik N, Ettrich R, Pelantova H, Sedmera P, Kren V. 

2010. Glycobiology. 20(8):1002-1009.

Abstract:  Beta-N-Acetylhexosaminidases feature so-called wobbling specificity, which means that 

they cleave substrates both in gluco- and galacto- configurations, with the activity ratio depending on the 

enzyme source.  Here we present  the  new finding that  fungal  beta-N-acetylhexosaminidases  are  able  to 

hydrolyze and transfer 4-deoxy-N-acetylhexosaminides with high yields. This clearly demonstrates that the 

4-hydroxy moiety at the substrate pyranose ring is not essential for substrate binding to the enzyme active 

site, which was also confirmed by molecular docking of the tested compounds into the model of the active 

site of beta-N-acetylhexosaminidase from Aspergillus oryzae. A set of four 4-deoxy-N-acetylhexosaminides 

was  synthesized  and  screened  against  a  panel  of  beta-N-acetylhexosaminidases  (extracellular  and 

intracellular) from various sources (fungal, human, animal, plant and bacterial) for hydrolysis. The results of 

this screening are reported here, as well as the structures of three novel 4'-deoxy-disaccharides prepared by 

transglycosylation  reaction  with  high  yields  (52%  total  disaccharide  fraction)  using  beta-N-

acetylhexosaminidase from Talaromyces flavus.

Article 5: Charged hexosaminides as ligands of NK cell activation receptors – concerted chemo-

enzymatic synthesis. Bojarová P., Slámová K., Křenek K., Gažák R., Kulik N., Ettrich R., Pelantová 

H., Kuzma M., Riva S., Adámek D., Bezouška K., and Křen V. 2011. Advanced Synthesis and 

Catalysis, invited paper, submitted May 2011

Abstract. This work is a structure-activity relationship study that investigates the influence of the 

nature and amount of negative charge in carbohydrate substrates on the affinity of beta-N-

acetylhexosaminidases and on the stimulation of natural killer cells. It describes synthetic procedures 

yielding novel glycosides useful in immunoactivation. Specifically, we present a thorough study on the 

ability of six C-6 modified beta-N-acetylhexosaminides (aldehyde, uronate, 6-O-sulfate, 6-O-phosphate) to 

serve as substrates for cleavage and glycosylation by a library of beta-N-acetylhexosaminidases from 

various sources. Four novel disaccharides with one or two (negatively) charged groups were prepared in 

synthetic reactions in good yields. Surprisingly, 6-O-phosphate, though cleaved by a number of enzymes 

from the series, worked neither as a donor nor as an acceptor in transglycosylation reactions. 

The results of wet experiments were supported by molecular modelling of substrates in the active site 

of two representative enzymes from the screening. All ten prepared compounds were examined from the 

viewpoint of their immunoactivity, namely as ligands of two activation receptors of natural killer (NK) cells, 

NKR-P1 and CD69, both with isolated proteins and whole cells. Furthermore, especially sulfated 

disaccharides acted as very efficient protectants of NK cells against activation-induced apoptosis and as 

stimulants of natural killing of resistant tumor cells, which makes them good candidates for potential clinical 

use in anti-cancer treatment. 

78



Article 6: Computational modelling of catalytic properties and modified substrates of fungal β-N-

acetylhexosaminidases. Kulik N, Slamova K. Mini-Reviews in Organic Chemistry, in press (special 

issue scheduled for 9/2011).

Abstract: Besides their implication in human physiology and disease, β-N-acetylhexosaminidases 

(EC 3.2.1.52, CAZy GH 20) have recently gained a lot of attention thanks to their great potential in the 

enzymatic  synthesis  of  carbohydrates  and glycomimetics.  Extracellular  β-N-acetylhexosaminidases  from 

filamentous fungi proved to be a powerful synthetic tool for the preparation of both natural andmodified 

glycosides under mild conditions with good yields. A homology model of β-N-acetylhexosaminidase from 

the filamentous fungus Aspergillus oryzae has recently been reported, and its quality was corroborated by 

vibrational spectroscopy and biochemical studies. Computational modelling and analysis helped to identify 

active site amino acids and other basic structural features of this enzyme important in the catalytic process; 

moreover, the surface interactions of the subunits of the glycosylated enzyme were identified. The model of 

β-N-acetylhexosaminidase  from  Aspergillus  oryzae prepared  the  ground  for  further  in  silico studies  of 

enzyme-substrate complexes including prediction and explanation of its substrate specificity.

Article 7: Heterologous expression, purification and characterization of nitrilase from Aspergillus  

niger K10. Kaplan O, Bezouska K, Plihal O, Ettrich R, Kulik N, Vanek O, Kavan D, Benada O, 

Malandra A, Sveda O, Vesela AB, Rinagelova A, Slamova K, Cantarella M, Felsberg J, Duskova J, 

Dohnalek J, Kotik M, Kren V, Martinkova L. 2011.  BMC Biotechnol. 11(1):2.

Abstract

BACKGROUND: Nitrilases attract increasing attention due to their utility in the mild hydrolysis of 

nitriles. According to activity and gene screening, filamentous fungi are a rich source of nitrilases distinct in 

evolution  from their  widely  examined bacterial  counterparts.  However,  fungal  nitrilases  have  been less 

explored  than  the  bacterial  ones.  Nitrilases  are  typically  heterogeneous  in  their  quaternary  structures, 

forming short spirals and extended filaments, these features making their structural studies difficult.

RESULTS: A nitrilase gene was amplified by PCR from the cDNA library of Aspergillus niger K10. 

The  PCR product  was  ligated  into  expression  vectors  pET-30(+)  and  pRSET B to  construct  plasmids 

pOK101 and pOK102, respectively. The recombinant nitrilase (Nit-ANigRec) expressed in Escherichia coli 

BL21-Gold(DE3)(pOK101/pTf16) was purified with an about 2-fold increase in specific activity and 35% 

yield. The apparent subunit size was 42.7 kDa, which is approx. 4 kDa higher than that of the enzyme 

isolated from the native organism (Nit-ANigWT), indicating post-translational  cleavage in the enzyme's 

native environment. Mass spectrometry analysis showed that a C-terminal peptide (Val327 - Asn ) was₃₅₆  

present in Nit-ANigRec but missing in Nit-ANigWT and Asp -Val  peptide was shortened to Asp -₂₉₈ ₃₁₃ ₂₉₈

Arg  in Nit-ANigWT. The latter enzyme was thus truncated by 46 amino acids. Enzymes Nit-ANigRec₃₁₀  

and Nit-ANigWT differed in substrate specificity, acid/amide ratio, reaction optima and stability. Refolded 
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recombinant enzyme stored for one month at  4°C was fractionated by gel filtration,  and fractions were 

examined by electron microscopy. The late fractions were further analyzed by analytical centrifugation and 

dynamic light scattering, and shown to consist of a rather homogeneous protein species composed of 12-16 

subunits. This hypothesis was consistent with electron microscopy and our modelling of the multimeric 

nitrilase, which supports an arrangement of dimers into helical segments as a plausible structural solution.

CONCLUSIONS: The nitrilase from Aspergillus niger K10 is highly homologous (≥86%) with 

proteins deduced from gene sequencing in Aspergillus and Penicillium genera. As the first of these proteins, 

it was shown to exhibit nitrilase activity towards organic nitriles. The comparison of the Nit-ANigRec and 

Nit-ANigWT suggested that the catalytic properties of nitrilases may be changed due to missing 

posttranslational cleavage of the former enzyme. Nit-ANigRec exhibits a lower tendency to form filaments 

and, moreover, the sample homogeneity can be further improved by in vitro protein refolding. The 

homogeneous protein species consisting of short spirals 
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