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The chemical shift assignment of hydrogen, nitroged carbon resonance frequencies is an essdsfial s
during the procedure of protein structure detertionaand studies of protein interactions and dymarby
nuclear magnetic resonance spectroscopy (NMR). Mdrye widely used computer softwares for the
calculation of three-dimensional (3D) protein stanes from NMR data need an as complete as possible
set of assigned chemical shifts, in order to extdéstance restraints from NOESY spectra via thelear
Overhauser effect. Nowadays, the analysis of resmnassignments is still often executed manualty an
requires a considerable amount of time by an e&peed spectroscopist. Therefore, the automatidheof
chemical shift assignment process is highly dekgraip particular because other steps of the siract
determination procedure, such as peak picking, NO&®ss peak assignment, structure calculation and
energy minimization of the resulting structure edneady be performed by automated methods.

Over the last decade, several methods have beatoged to solve the problem of chemical shift
assignment in proteins by using computer algorithims computer based approaches with manual
interaction by a spectroscopist. Most of the autech@rograms use an analysis scheme which is lmased
the conventional method where the principal idet iirst identify groups of spins that can be etated
by “through-bond” experiments and establish linkssequential neighbors, and then match segments
obtained in this manner onto the primary structofethe protein. Implementations for this approach
include, for example, simulated annealing/Montel@€atgorithms, genetic algorithms, exhaustive dearc
and heuristic best-first algorithms.
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‘ Chemical shift assignment ’

In the first part of the thesis, a novel approazisdlve the chemical shift assignment problem heenb
investigated. The principal idea is to interpret thoss peaks expected to occur in NMR spectrarisips
moving in a multidimensional simulation space. Ie thew algorithm, DYNASSIGN, these so-called
“peak-particles” are subjected to a potential ilsatonstructed using the information available frtra
protein sequence and spectra given by the useqrartiicular, each measured peak in any of the spectr
available represents a local minimum of the postetiergy function which leads to a mapping of exped
peaks onto measured peaks that establishes tiypmesit. Other terms of the potential function take
account the alignment of peaks containing identieabnances and the chemical shift statisticsné&togy

to molecular dynamics simulation a peak-particlaeaiyics algorithm is employed to compute a trajgctor
of the system of peak-particles according to theslaf classical mechanics in order to find a camigion
with minimal energy. During the search for the glbbnergy minimum, peak-particles will drift toward
local potential minima represented by measuredscpesaks. In order to find configurations with low
potential energy faster, the peak-particle dynarsicgilation is complemented by a heuristic algonitto
reset the position of selected peak-particles paradly in the course of the simulation (Figure Ehally,
the set of chemical shift assignments with minimadential energy found constitutes the output @ th
algorithm.

The DYNASSIGN algorithm was incorporated into thMR! protein structure calculation program
CYANA. It was applied to peak lists obtained frohretexperimental data of nine small proteins with
previously determined nearly complete resonancigrasgnts and a well-defined 3D structure. Peak list



for CBCANH, CBCACONH, HNCA, HN(CO)CA, HBHACONH, HNA, HNHB, [“C'H]-HSQC,
CCONH, and HCCH-TOCSY spectra were generated #®rgilien protein sequences on the basis of the
experimental chemical shift lists. Peaks involviegonances for which no chemical shift assignmergt w
available from the Biological Magnetic ResonancdéaDBank (BMRB) were excluded. Test calculations
have shown that this algorithm is capable to autmaldy assign backbone and side chain chemicdisshi
on average 82.5% of all backbone and side chajr’C and*N resonances could be assigned with an
average error rate of 3.5%. Correct assignmentkl dmu distinguished from wrong ones using a residue
wise scoring function. These results provide a podgrinciple for the new method. The method isgm=l

in that peak lists from any set of spectra can $eduor which the magnetization transfer pathways f
generating the expected peaks have been defiretiarary.

On the other hand, there are limitations that Wwdlve to be overcome by further research. An
improvement of the efficiency of the algorithm @rrns of the extent of assignments, the robustrgesast
imperfections of the peak lists, and the computatione is needed for realistic applications. The
computation time increases with the number of gesiticles, i. e. the size of the protein and thenber of
spectra. A more efficient implementation of the guital and gradient computation is conceivable by
algorithmic improvements and parallelization. White original idea of treating the resonance asségr
problem by peak-particle dynamics-driven simuletadealing is attractive from a basic point of viévis
in practice important to combine peak-particle dgits simulation with resetting peak-particle pasis
by the heuristic algorithm. Test runs without tkeitistic algorithm yielded a significantly lowermber of
correctly assigned chemical shifts. As the heuwriglijorithm applies only to selected backbone atbuis
does not include side chain resonances, one comfgider combining the peak-particle dynamics
simulation approach with an external backbone assimt algorithm. While the backbone resonances
would be assigned mainly by means of the otherritgo, side chain assignments could be determiryed b
the peak-particle dynamics simulation method.

In the second part of the thesis, a probabilityctiom for estimating expected peak overlap in
protein NMR spectra is derived with a minimal sétassumptions. Given the primary structure of the
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protein, all theoretically expected cross peakannNMR spectrum are determined on the basis o
knowledge of the protein sequence and the magtietiztransfer pathways of the pulse sequence tha
used to acquire the spectrunmathematical model to describe peak overlaprisifdated and a parame!
which measures the expected number of peaks aedfispposition in the spectra is introduced. s
assumedrat the atom resonance frequencie e. the peak maxima) are distributed according noranal
Gauss distribution with mean value and standardatiex taken from th chemical shift statisti. The
derived formula is an approximation for itheoretically expected peak overlap in NMR spedeal dat:
sets from two proteins were used to verify the etguk peak overlap probability function. The resalts
presented in twaimensional data plc (Figure 2). Rak overlap prediction provideseful information
about the expected content of the spectra befortorpeng the NMR experimer Other possible
applications are in computer algorithms for aut@datsonance frequency assignn

In the last part, the 3DIMR solution structure of thC-
terminal choline-binding dona of the major pneumococc
autolysin harboring a Val317 to Thr mutation wagsed®ined
and characterized. Autolysin froreptococcus pneumoniae is
a bacterial cell wall hydrolase and responsible ¢eflular
autolysis that causes severe infections. 3D structure was
determined by usingtandard NMR metho with a precision
characterized by RMSD values to the mean coordinafted.41
A for the backbone and 0.60 A for all heavy atomsttie
structured region excluding the first seven resi (Figure 3).
The obtained tertiary structure is composed op-hairpins and
cholinebinding domains whose primary strucls are
characterized by the cholifenading repeat motifBased on the
superhelical arrangement of the repeating struictumiss, theN-
terminal part can be categorized as a member of thetstal
family of solenoids. Choline titration experiments we
performed for studying the six binding s; each one is
composed of three aromatic and one acidic amire r@sidues
According to observations from the titration expents, at low
concentration, the choline bindsst in the rigid N-terminus,
while the overall structure adopts an intermeditédx waiting to
bind more choline at the remainingites. Relaxation time
measurements revealed that Mwerminal part of the protein
rigid and the C-terminal is flexible. Moreover, sequen
alignment and comparisons with structural homolagproteins
are presented and discussed.

Figure3 Line plot of the
determined 3D NMR structure of
the choline-binding protein. A
trace of the backbone atoms for
the ensemble of the 20 structures
with the lowest CYANA target
function is presented.



