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The "effective” dynamics of a biomolecular system can oftendescribed by means of a
Markov chain describing "flipping dynamics” between meth$t (geometrical large scale)
molecule conformations on "long” time scales. In this work present our methods for the
identification of metastable conformations by a study of UBIENAC - a key substrate in sialic

acid synthesis. We investigate the system in differentrenments of increasing complexity

(vacuum, water, peptide) by performing force field basedemdbr dynamic simulations. By

applying our analysis techniques to the obtained data wéngigthts into the conformational

dynamics of the system. A comparison of the results revatdsdsting environment-dependent
properties of UDP-GIcNAc.

1 Introduction

Sialic acids play an important role in various biologicabpesses, e.g., immune response,
tumor metastasis or inflammatory reactions. In mammalidle tee key reaction of the
sialic acid synthesis pathway is carried out by the bifuoratnal enzyme UDP-GIcNACc-2-
Epimerase/ManNAc-Kinadeln cooperation with researchers at the Cléanie investigate
UDP-N-Acetylglucosamine (UDP-GIcNAC) (see Fig. 1), thgalind of this key reaction by
means of molecular dynamic simulations. Thereby, we exjoegain a better understand-
ing of the actual reaction and, in the long term, insights éisaist in the design of potential
inhibitors.

2 Simulation

By a systematic conformational search in dihedral spaceamergted 20 initial conformers
of UDP-GIcNAc. For each conformer we run molecular dynanmuouationsin vacuo and
in explicit water using AMBER 8. Additionally, we simulatedset of possible binding
conformations of UDP-GIcNAc. To derive these, crystalbgguic data of UDP-GIcNAc-2-
Epimerase in complex with UDP was utilized. To compensatéfe missing information
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Figure 1. UDP-N-acetylglucosamine

of the GIcNAc orientation, we generated conformers of UDBNAc by systematically
turning the three dihedrals that qualify the orientatiorihe GICNAc moiety . The force
field parameters needed for this non-standard residue Wwea@med from the literatufé 4

Atoms  Sim. Time Step Size Temperature  Pressure
In Vacuo 64 100 ns (2s) 1fs 300 K -
Water 3964 10 ns (200 ns) 2fs 300 K 1 atm
Protein 46646 100 ps 2fs 300 K 1 atm

Table 1. Simulation Parameters

3 Analysis Methods

Our aim is to identify so-calledhetastable conformations of UDP-GIcNAc, i.e., geome-
tries which are persistent for long periods of time, fromdkaerated trajectory data. Such
identification corresponds to the set up of a coarse-graimakl for the dynamics, as on
long time scales the typical dynamics of biomolecular systean often be described as
a (Markovian) flipping process between such conformafidri€ The challenge of iden-
tification lies in the rich temporal multiscale structuretbé data, induced by flexibility
within the metastable conformations.

The groups of P. Deuflhard and C. Schiitte developed thelkad &arron Cluster Clus-
ter Analysis (PCCA) for the identification of metastable conformati®h8 The approach
is based on assuming a Markov dynamics of the observed sysienctertain time scale.
Discretization of the state space, e.g., the dihedral asggee of some molecule, allows
to set up a stochastic matrix, w.r.t. the chosen time scglephnting transitions between
discrete states in the trajectory. The information comdiim the spectrum of this matrix
allows to aggregate parts of the state space to metastatds,sis the number of metastable
states corresponds to the number of eigenvalues closetig while information about an
appropriate clustering is encoded in the eigenvectors.

In addition a variety of methods based on Hidden Markov MsdEIMMS) were re-
cently developed in the group of C. Schiitfe' An intriguing feature of HMM analy-
sis is that the chosen set of observables need not to enalelenaetric separation of the



metastable conformations. Instead, thserved time series is used to fit a model for an
unobserved Markov chain, by extracting geometric as well as dynamicapprties out of
the given observation sequences, and thus allowing foratpa of overlapping confor-
mations.

For our analysis we used a combination of these approachsse&ch chosen torsion
angle is analyzed separately by using an HMM with gaussigpoudalistributions, result-
ing in a discrete time series corresponding to the hiddaestfar each angle. Then the
obtained information is aggregated by superposition offieerete one dimensional time
series. The (combined) discrete time series is then fuethalyzed by means of PCCA.
For more details refer to, e.4§.,

4 Results

Based on then vacuo simulation data we identified 5 metastable conformatioasari
analysis on the dihedral space. All found conformationsstabilized by intramolecu-
lar hydrogen bonds, where the most compact structure gmmnels to the metastable set
with the highest weight (66.6%). In the water trajectoryadat found 6 metastable sets.
Here, the related structures appear to be less stiff, adféa of inner hydrogen bonds is
weakened, due to the shielding effect of the present watécules.
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Figure 2. Transition network of UDP-GIcNAc in explicit wateith density plots showing the flexibility within
each metastable set. (in brackets — relative weightingwbblackets — persistence probability, next to pictures —
exit probability) — Visualizations using Amita

Screening the water simulation data for the generated pakgmotein binding con-
formations of UDP-GIcNAc did not result in any match. Thiadis to the conjecture that
the binding of the ligand must be accompanied by an inducdexfféict. The protein has
to alter the conformation of the ligand in order to bind it.dontrast to a conformational
selection scenario, where an available conformation wbaltselected” to bind.
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