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QUO VADIS? NMR AS AN EMINENT TOOL FOR STRUCTURAL AND SYSTEMS
BIOLOGY

Vladimir Sklenar

National Centre for Biomolecular Res., Fac. of Science, Masaryk University, Kotlarska 2, Brno,
Czech Republic

During past twenty years, NMR has established as a promi-
nent technique of chemical and biomedical research and as
an eminent tool of structural biology. Compared to X-ray
diffraction, NMR, by going beyond the static picture of the
3D structure, provides more than just structural informa-
tion. Functionally relevant data can be retrieved about mo-
lecular dynamics on time scales spanning over 14 orders of
magnitude, ranging from 102 sec to 10 sec, as well as on
weak and transient intermolecular interactions within large
molecular assemblies. By NMR, also systems that do not
tend to crystallize, such as intrinsically unstructured pro-
tein, large protein aggregates, and protein-nucleic acid
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complexes, can be closely investigated; moreover, in phys-
iologically relevant states, where pH, temperature, and salt
concentrations can be matched to the conditions in the liv-
ing cell. The lecture will review the current developments
of bio-NMR technology using examples of recently pub-
lished results. NMR potential of making important contri-
butions to the development of systems biology will be
briefly outlined.

This work was supported by the Grants MSM0021622413
and LC06030 of the Ministry of Education, Youth, and
Physical Culture of the Czech Republic.

OLIGOMERIZATION OF NON-MYRISTOYLATED M-PMV MATRIX PROTEIN

J. Vlach"? P. Srb*', M. Grocky?, J. Lang®', J. Prchal'? E. Hunter?, T. Ruml? R. Hrabal’

"Lab. NMR Spectroscopy and ’Dep. of Biochemistry and Microbiology, Institute of Chemical Technology,
Prague, Technicka 5, 166 28 Prague 6, Czech Republic
3Department of Low Temperature Physics, Faculty of Mathematics and Physics, Charles University,
V Holesovickach 2, 180 00 Prague 8, Czech Republic
*Emory Vaccine Center, Yerkes National Primate Research Center, 954 Gatewood Road, Atlanta GA 30329
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The self-assembly of viral particle is based on Gag—Gag in-
teractions mediated by homo-interactions of its three do-
mains, i. e. matrix, capsid and nucleocapsid proteins. As
the N-terminal part of Gag polyprotein, matrix protein
(MA) targets Gag proteins to the site of virus assembly and
it directly interacts with plasma membrane, thus initiating
budding of viral particles. MAs of most retroviruses are
myristoylated on their N termini, which supports the
above-mentioned MA functions and strongly promotes
MA-MA interactions.

Oligomerization of isolated MA was most extensively
studied in Human immunodeficiency virus 1 (HIV-1). It
was found that it forms trimers in solution in its
myristoylated (myr(+)) rather than non-myristoylated
(myr(-)) form [1-3]. Similar oligomerization behaviour
was observed in a closely related, though naturally
non-myristoylated Equine infectious anaemia virus
(EIAV) MA [4].

We studied oligomerization properties of the myr(—)
form of Mason-Pfizer monkey virus (M-PMV) matrix pro-
tein by means of NMR spectroscopy. Based on dilution-in-
duced chemical shift perturbation data we observed the

oligomerization and mapped out the interaction interface of
the molecule. A combined quantification of concentra-
tion-dependent chemical shifts and translational diffusion
coeffcients allowed us to prove for the first time that
M-PMV MA exists in a monomer—dimer—trimer equilib-
rium in solution, and to calculate the respective equilibrium
constants. The chemical shift data were further used to cal-
culate structural models of MA oligomers in HADDOCK,
revealing a close similarity of M-PMV and HIV-1 MA tri-
mers. The mechanism and possible consequences of
M-PMV myr(-)-MA oligomerization will be discussed
with respect to the behaviour of HIV-1 and EIAV MAs.

1. Y. Morikawa, D. J. Hockley, M. V. Nermut & 1. M. Jones,
J. Virol., 74 (2000) 16-23.

2. C.Tang, E. Loeliger, P. Luncsford, I. Kinde, D. Beckett &
M. F. Summers, Proc. Natl. Acad. Sci. U. S. A., 101 (2004)
517-522.

3. Z.Wu,J. Alexandratos, B. Ericksen, J. Lubkowski, R. C.
Gallo & W. Lu, Proc. Natl. Acad. Sci. U. S. 4., 101 (2004)
11587-11592.

4. K. Chen, I. Bachtiar, G. Piszczek, F. Bouamr, C. Carter &
N. Tjandra, Biochemistry, 47 (2008) 1928-1937.
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(Grant 203/07/0872) and the National Institutes of Health
(Grant CA 27834).

OCTAHEDRAL PARTICLES OF BACTERIOPHAGE MS2 COAT PROTEIN MUTANT

Pavel Plevka,' * Kaspars Tars,? Lars Linas1

"Department of Cell and Molecular Biology, Uppsala University, Box 596, SE-751 24 Uppsala, Sweden
2| atvian Biomedical Research and Study Centre, Ratsupites 1, LV 1067, Riga, Latvia

A covalent dimer of the bacteriophage MS2 coat protein
was created by genetic fusion of two copies of the gene
while removing the stop codon of the first gene. The dimer
was crystallized in the cubic F432 space group. The organi-
zation of the asymmetric unit together with the F432 sym-
metry results in an arrangement of subunits that
corresponds to T=3 octahedral particles. To form an octa-
hedral particle with closed surface, the dimer subunits in-
teract at sharper angles than in the icosahedral
arrangement. The main differences in the subunit packing
between the octahedral and icosahedral arrangements are
located close to the four-fold and five-fold symmetry axes
where different sets of loops mediate the contacts. The oc-
tahedral particles are probably artefacts created by the par-
ticular crystal packing. We have also determined 4.7 ?
resolution X-ray electron density of icosahedral particle as-
sembled from covalent coat protein dimers. At the avail-
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able resolution the structure corresponds to the wild type
MS?2 virion except for the intersubunit linker regions. The
covalent dimer orientation is random with respect to both
icosahedral twofold and quasi-twofold symmetry axes.
The inter-subunit contacts around icosahedral three and
fivefold symmetry axes are mediated by so called FG
loops. The MS2 FG loop was shown to have a function in
particle assembly and stability. We have created two cova-
lent dimer mutants, one with substitution and the other with
50 residue insertion, in only one of the two FG loops. The
mutations if present in a single subunit would obviate its
ability to form capsids. The covalent dimer FG loop mu-
tants were able to form virus-like particles. One FG loop in
the covalent dimer was sufficient for particle assembly, but
the mutant particles had lowered temperature stability. The
formation of virus-like particles by the FG-loop insertion
mutant shows possibility for the use of the covalent dimer
variants as epitope carriers.

BUQUOY'S ,,FUNDAMENTAL LAWS OF PHENOMENON OF HEAT” AND THEIR
MEANING

Dalibor Stys and Miroslava Vlaé¢ihova

Institute of Physical Biology, University of South Bohemia Ceské Budéjovice, Zamek 136,
373 33 Noveé Hrady, stys@jcu.cz

The article ,,Fundamental laws of phemomenon of heat and
their meaning (conceived in the spirit of dynamic-mathe-
matic view, without the acceptance of heat impulse* ap-
peared in the second edition of the book ,,Sketches of the
code book of Nature™ in 1818 [1]. It was several times
re-publised, namely in Isis 1825 [2] where the subtitle
“based on empirical observations” was added. Hovever,
any reflection to Carnot’s work from 1824 [3] is not men-
tioned. It is extension of pages 195-206 of [1], however,
for the full understanding also the pages 165-195 need to
be read.

As for the heat itself, the article starts by general de-
scription of heat processes. Heat state is proportional to its
internal tendency to acquire certain volume in the space,
eigenene volumizierung which in its part may be exerted to
another body as mitteilende volumisierung. The later may
be both negative and positive. Eigene volumizierung may
be decreased but its values 0 and negative are only fictive,
may not be observed in nature. I modern terms mittheilende

volumisierung is approximately mapped to enthalpy and
eigene volumisierung to Gibbs energy. This view in itself
contains the first law and joint second and first law of ther-
modynamic. These concepts are further described in de-
tailed and illustrated by Buquoy’s own experiments. One
of the conclusion is the indirect observation of absolute
temperature and of the third law and correct statement for
efficiency of the heat process. The later is described in most
general way.

The main technical difference between Buquoys point
of view and our contemporary lies in the fact that Buquoy
considered heat moments and conservation of moments as
the leading tendency. Contemporary themodynamics is en-
ergetic. Despite to it, one must admit that in all aspects
Buquoy’s view of thermodynamic processes is more gen-
eral than the textbook one, since it lacks the dominant refer-
ence to ideal gas and includes state transitions. In fact all
Buquoy’s experiments were done in condensed phase.
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For completeness, one should say that the second law is
not explicitely mentioned from energetic point of view, but
it is mentioned as the general tendency in the nature in the
chapter “Combinatorismus” where the general tendency to
mixing is clearly distinguished from chemical change.
(Chemical change is by Buquoy understood as change in
chemical harmony as analogy to resonance of strings. In
chemistry, moment is exchanged in distinct amount. Does
it sound familiar to quantum mechanics?)

Besides that, in Buquoy’s work is, at least conceptually
correctly and mathematically consistently, expressed the
equivalence of heat and light radiation and heat conduc-
tance.

Is Buguoys themodynamics contemporary?

The phenomenological themodynamics — as distinguished
from themodynamics based on statistical physics — is not a
dead field. The latest big unification comes from the 2001
when the Lieb and Yngvasson article [4] appeared. Cer-
tainly the mathematic formalism introduced later is sub-
stantially more advanced, Buquoy's thermodynamics is
that of practical physical chemist of condensed phase.

Most contemporary, and exclusive, is Buquoy’s con-
cept of infinite reservoir. This was first re-introduced
(uniquely) by MacDonald in 1995 [5] and brings a natural
definition of entropy as maximal heat that the system ab-
sorbs upon terminating the given state change. In Buquoy
we read “ ...besides that, it (the metal ball) accepts the
same type of calorisation manifestation as the surrounding
...without heating it.” According to [4] MacDonald’s the-
ory suffers of unstated assumptions about differentiability
of entropy which, however, seems to be the only objection
against it. Buquoy used this concept for objective defini-
tion of absolute temperature. But we know that - in case
that the only adiabatic work is the mechanical one. In
the moment-based themodynamics this concept may,
actually, be quite natural.

As a general concept, Buquoy considers phenomenon
of heat as one of major principles governing the world, be-
sides mechanical movement, field (he discusses gravitation
field) and chemical changes. He lists distinctions between
these phenomena but also considers analogy between par-
tially elastic collision and thermal phenomena.

What would thermodynamic be if Buquoy's theories were
broadly accepted?

Starting from the end of the above argumentation, we may
have had a conceptually different thermodynamic theory
which naturally brings about the third law. The experi-
ments would show different absolute zero entropies, there
are indices to this notion in [1] and [2]. Joint first and sec-
ond law, in mathematical expression the Gibbs or
Helmbholtz energies (well, related moments) would have
been used from the very beginning. Would we really need
entropy after all? Or, in another words, do we understand
macroscopic temperature in description of non-equilibrium
energy-based thermodynamics?

In practice, there would never be dominancy of ideal
gas state equation in our reasoning. For Buquoy, the (mo-
ment) state equation was always unknown function to be
determined experimentally. Actually, Buquoy’s experi-
mentally devised state equations did not survive the test of
time. As he expected in statement “....as far as we may say
with our rather imprecise thermometers....”.

Finally, a bit outside of this article, Buquoy’s view of
heat conductance and diffusion is certainly the one which is
used in modern textbooks. Highly visionary is his chemis-
try and theory of light. For all this, his moment-based view
of world was of a big help. At least it is interesting reading
for critical minds.

1. G.F.Buquoy, Skizzen zu einem Gesetzbuche der
Natur, zu einer sinnigen Auslegung desselben und zu
einer hieraus hervorgehenden Charakteristik der
Natur, Leipzig: Breitkopf und Hartel (1817, 1825),
Leipziger Literaturzeitung (1819), ISIS (1819).

2. G.F. Buquoy, Versuch einer mathematischen
Entwickelung der Fundamentalgesetze der
Wiirmeerscheinung, wobey diese bloss als Resultate
gewisser Actionen betrachtet werden, und kein
Wiérmestoff vorausgesetz wird, ISIS (1824); Neue
Wdirmetheorie, dynamisch-mathematisch entwickelt,
ohne Annahme eines Wérmestoffs (einer bisher
allgemeinen Hypothese), ISIS (1825).

3. Carnot, Sadi, Réflexions sur la puissance motrice du
feu et sur les machines propres ¥ développer cette
puissance. Paris: Bachelier. (1824).

4. E.H. Lieb and J. Yngvasson, The Physics and Mathematics
of the Second Law of Thermodynamics. J. Stat. Phys., 103,
509 (2001).

5. Macdonald, A., A new statement of the second law of ther-
modynamics. Am. J. Phys. 63, 1122-1127 (1995).
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TRANSCRIPTION TERMINATION OF NONPOLYADENYLATED TRANSCRIPTS
F. Hobor', H. Cerna', V. Bacikova', J. Pasulka', K. Kubicek? R. Stefl'

"National Centre for Biomolecular Research, Faculty of Science, Masaryk University, 625 00 Brno
’Dept. of Condensed Matter Physics, Faculty of Science, Masaryk University, 61137 Brno
stefl@chemi.muni.cz

RNA polymerases produce RNA transcripts by initiating
and terminating transcription in response to specific se-
quence elements. Signals that terminate transcription re-
side either in the DNA template sequence or, alternatively,
in the nascent RNA transcript. We will present our func-
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tional and structural data related to transcription termina-
tion of nonpolyadenylated transcripts that is mediated by
the Nrd1 complex.

PROTEOSYNTHETIC ELONGATION FACTOR EF-Tu DOMAINS: THERMAL
STABILITY, ADAPTATION AND FUNCTIONS

Jifi Jonak"?*?, Hana Sanderova'?, Marta Hiilkova', Petr Maloii*, Libor Krasny'?,
Markéta Kepkova'

'Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, v.v.i., Videriska 1083, 14220
Prague 4, Czech Republic
%Institute of Microbiology, Academy of Sciences of the Czech Republic, v.v.i., Videriska 1083, 14220 Prague
4, Czech Republic
3Institute of Medical Biochemistry, First Medical Faculty, Charles University, Katefinska 32, 12108 Prague 2,
Czech Republic
*Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, v.v.i.,
Flemingovo nam. 2, 16637 Prague 6, Czech Republic

Elongation factors EF-Tu are essential components of the
bacterial protein synthesis machinery. They are members
of the family of GTP-binding proteins, their activity is reg-
ulated by guanine nucleotides GDP and GTP. Binding with
GTP induces an active-GTP conformation rendering
EF-Tu capable of binding aminoacyl-tRNA (aa-tRNA) and
transferring it to the ribosomal A-site during mRNA de-
coding. Hydrolysis of the bound GTP to GDP by the EF-Tu
intrinsic GTPase center, activated by the codon-anticodon
contact, induces a great conformational change in EF-Tu
resulting in an “inactive”-GDP conformation. EF-Tu.GDP
leaves the ribosome because its affinity for aa-tRNA is lost,
thus allowing a proper accommodation of aa-tRNA at the
ribosomal A-site. All elongation factors EF-Tu are com-
posed of a ~400 amino acid residue long polypeptide chain
folded into three clearly distinct domains. The N-terminal
domain 1 (~200 residues) has an alpha/beta structure. It is
called a catalytic domain as it is the site of GDP/GTP bind-
ing and GTPase activity. The middle domain 2 and the
C-terminal domain 3 (each composed of ~100 residues) are
beta barrels. They have no known binding or catalytic ac-
tivity.

The two guanine nucleotide-induced EF-Tu conforma-
tions that determine EF-Tu functional state (as described
above) are the results of both interdomain and intradomain
rearrangements. To better understand how individual do-

mains are involved in the building of conformational sta-
bility and functions of the EF-Tu we compared, in several
assays, the properties of isolated domains 1 and full length
EF-Tus from mesophilic, Gram- Escherichia coli (Ec),
growing at 37°C, and thermophilic, Gram+ Bacillus
stearothermophilus (Bst), growing at 60 °C and six chime-
ric forms of EF-Tu constructed by combination of domains
of Ec and Bst EF-Tus. We found that 1) thermal stability of
both EF-Tu proteins in both conformations resulted from
domain 1 and domains 2+3 positive cooperation. Domain 1
setup a “basal” level (~20 °C higher with Bst domain 1 than
with Ec domain 1) of the thermostability of either EF-Tu
and domains 2+3 (mainly domain 3) finally raised the
thermostability to the level consistent with the optimal
growth temperature of either organism by stabilization of
alpha-helical regions of domain 1 (as revealed by CD spec-
troscopy); 2) non catalytic domains 2+3 of Ec and Bst ori-
gin principally differed in their contributions to GDP and
GTP binding and GTPase hydrolyzing activities of their re-
spective EF-Tus: (i) Whereas in EcEF-Tu, the physiologi-
cal GTP/GDP binding activity was attainable only in the
presence of all three domains, in BstEF-Tu this activity ap-
peared to be intrinsic to the G-domain alone. Here, the af-
finity for GTP/GDP was not affected by removal of
domains 2+3. (ii) Domains 2+3 (mainly domain 2) of
EcEF-Tu suppressed whereas domains 2+3 (mainly do-
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main 2) of BstEF-Tu stimulated the GTPase activity of
their respective G-domains. These results suggest that de-
spite a high degree of structural homology (~ 80%) EF-Tu
proteins developed, in various bacteria, a different
inter-domain mechanics to fulfil the same functions. The
non-catalytic domains of EF-Tu proteins might represent
new potential tools for selective manipulation of G+ and G-
bacteria.

This work was supported by grant No NR9138-3 from the
Ministry of Health of the Czech Republic and by grant No
2B06065 from the Ministry of Education, Youth and Sports
of the Czech Republic.
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