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QUO VADIS? NMR AS AN EMI NENT TOOL FOR STRUCTU RAL AND SYS TEMS
BI O LO GY

Vladimír Sklenáø

National Cen tre for Biomolecular Res., Fac. of Sci ence, Masaryk Uni ver sity, Kotláøská 2, Brno, 
Czech Re pub lic

Dur ing past twenty years, NMR has es tab lished as a prom i -
nent tech nique of chem i cal and bio med i cal re search and as
an em i nent tool of struc tural bi ol ogy. Com pared to X-ray
dif frac tion, NMR, by go ing be yond the static pic ture of the
3D struc ture, pro vides more than just struc tural in for ma -
tion. Func tion ally rel e vant data can be re trieved about mo -
lec u lar dy nam ics on time scales span ning over 14 or ders of
mag ni tude, rang ing from 10-12 sec to 102 sec, as well as on
weak and tran sient intermolecular in ter ac tions within large
mo lec u lar as sem blies. By NMR, also sys tems that do not
tend to crys tal lize, such as in trin si cally un struc tured pro -
tein, large pro tein ag gre gates, and pro tein-nu cleic acid

com plexes, can be closely in ves ti gated; more over, in phys -
i o log i cally rel e vant states, where pH, tem per a ture, and salt
con cen tra tions can be matched to the con di tions in the liv -
ing cell. The lec ture will re view the cur rent de vel op ments
of bio-NMR tech nol ogy us ing ex am ples of re cently pub -
lished re sults. NMR po ten tial of mak ing im por tant con tri -
bu tions to the de vel op ment of sys tems bi ol ogy will be
briefly out lined. 

This work was sup ported by the Grants MSM0021622413
and LC06030 of the Min is try of Ed u ca tion, Youth, and
Phys i cal Cul ture of the Czech Re pub lic.
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OLIGOMERIZATION OF NON-MYRISTOYLATED M-PMV MATRIX PROTEIN
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The self-as sem bly of vi ral par ti cle is based on Gag–Gag in -
ter ac tions me di ated by homo-in ter ac tions of its three do -
mains, i. e. ma trix, capsid and nucleocapsid pro teins. As
the N-ter mi nal part of Gag polyprotein, ma trix pro tein
(MA) tar gets  Gag pro teins to the site of vi rus as sem bly and 
it di rectly in ter acts with plasma mem brane, thus ini ti at ing
bud ding of vi ral par ti cles. MAs of most retro virus es are
myristoylated on their N ter mini, which sup ports the
above-men tioned MA func tions and strongly pro motes
MA–MA in ter ac tions.

Oligomerization of iso lated MA was most ex ten sively
stud ied in Hu man im mu no de fi ciency vi rus 1 (HIV-1). It
was found that  it forms tri mers in so lu tion in its
myristoylated (myr(+)) rather than non-myristoylated
(myr(–)) form [1–3]. Sim i lar oligomerization be hav iour
was ob served in a closely re lated, though nat u rally
non-myristoylated Equine in fec tious anae mia vi rus
(EIAV) MA [4].

We stud ied oligomerization prop er ties of the myr(–)
form of Ma son-Pfizer mon key vi rus (M-PMV) ma trix pro -
tein by means of NMR spec tros copy. Based on di lu tion-in -
duced chem i cal shift per tur ba tion data we ob served the

oligomerization and mapped out the in ter ac tion in ter face of 
the mol e cule. A com bined quan ti fi ca tion of con cen tra -
tion-de pend ent chem i cal shifts and translational dif fu sion
coeffcients al lowed us to  prove for the first time that
M-PMV MA ex ists in a mono mer–dimer–trimer equi lib -
rium in so lu tion, and to cal cu late the re spec tive equi lib rium 
con stants. The chem i cal shift data were fur ther used to cal -
cu late struc tural mod els of MA oli go mers in HADDOCK,
re veal ing a close sim i lar ity of M-PMV and HIV-1 MA tri -
mers. The mech a nism and pos si ble con se quences of
M-PMV myr(–)-MA oligomerization will be dis cussed
with re spect to the be hav iour of HIV-1 and EIAV MAs.

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

2. C. Tang, E. Loeliger, P. Luncsford, I. Kinde, D. Beckett &
M. F. Sum mers, 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. A., 101 (2004)
11587–11592.

4. K. Chen, I. Bachtiar, G. Piszczek, F. Bouamr, C. Carter &
N. Tjandra, Bio chem is try, 47 (2008) 1928–1937.
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OCTAHEDRAL PARTICLES OF BACTERIOPHAGE MS2 COAT PROTEIN MUTANT

Pavel Plevka,1 * Kaspars Tars,2 Lars Liljas1
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A co va lent dimer of the bacteriophage MS2 coat pro tein
was cre ated by ge netic fu sion of two cop ies of the gene
while re mov ing the stop codon of the first gene. The dimer
was crys tal lized in the cu bic F432 space group. The or ga ni -
za tion of the asym met ric unit to gether with the F432 sym -
me try re sults in an ar range ment of sub units that
cor re sponds to T=3 oc ta he dral par ti cles. To form an oc ta -
he dral par ti cle with closed sur face, the dimer sub units in -
ter act at sharper an gles than in the icosahedral
ar range ment. The main dif fer ences in the sub unit pack ing
be tween the oc ta he dral and icosahedral ar range ments are
lo cated close to the four-fold and five-fold sym me try axes
where dif fer ent sets of loops me di ate the con tacts. The oc -
ta he dral par ti cles are prob a bly artefacts cre ated by the par -
tic u lar crys tal pack ing. We have also de ter mined 4.7 ?
res o lu tion X-ray elec tron den sity of icosahedral par ti cle as -
sem bled from co va lent coat pro tein dimers. At the avail -

able res o lu tion the struc ture cor re sponds to the wild type
MS2 virion ex cept for the intersubunit linker re gions. The
co va lent dimer ori en ta tion is ran dom with re spect to both
icosahedral two fold and quasi-two fold sym me try axes.
The inter-sub unit con tacts around icosahedral three and
five fold sym me try axes are me di ated by so called FG
loops. The MS2 FG loop was shown to have a func tion in
par ti cle as sem bly and sta bil ity. We have cre ated two co va -
lent dimer mu tants, one with sub sti tu tion and the other with 
50 res i due in ser tion, in only one of the two FG loops. The
mu ta tions if pres ent in a sin gle sub unit would ob vi ate its
abil ity to form capsids. The co va lent dimer FG loop mu -
tants were able to form vi rus-like par ti cles. One FG loop in
the co va lent dimer was suf fi cient for par ti cle as sem bly, but
the mu tant  par ti cles had low ered tem per a ture sta bil ity. The 
for ma tion of vi rus-like par ti cles by the FG-loop in ser tion
mu tant shows pos si bil ity for the use of the co va lent dimer
vari ants as epitope car ri ers.
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BUQUOY´S „FUN DA MEN TAL LAWS OF PHE NOM E NON OF HEAT” AND THEIR
MEAN ING

Dalibor Štys and Miroslava Vlaèihová

In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia Èeské Budìjovice, Zámek 136, 
373 33 Nové Hrady, stys@jcu.cz

The ar ti cle „Fun da men tal laws of phemomenon of heat and 
their mean ing (con ceived in the spirit of dy namic-math e -
matic view, with out the ac cep tance of heat im pulse“ ap -
peared in the sec ond edi tion of the book „Sketches of the
code book of Na ture“ in 1818 [1]. It was sev eral times
re-publised, namely in Isis 1825 [2] where the sub ti tle
“based on em pir i cal ob ser va tions” was added. Hovever,
any re flec tion to Car not´s work from 1824 [3] is not men -
tioned. It is ex ten sion of pages 195-206 of  [1], how ever,
for the full un der stand ing also the pages 165-195 need to
be read. 

As for the heat it self, the ar ti cle starts by gen eral de -
scrip tion of heat pro cesses. Heat state is pro por tional to its
in ter nal ten dency to ac quire cer tain vol ume in the space,
eigenene volumizierung which in its part may be ex erted to
an other body as mitteilende volumisierung. The later may
be both neg a tive and pos i tive. Eigene volumizierung may
be de creased but its val ues 0 and neg a tive are only fic tive,
may not be ob served in na ture. I mod ern terms mittheilende 

volumisierung is ap prox i mately mapped to enthalpy and
eigene volumisierung to Gibbs en ergy. This view in it self
con tains the first law and joint sec ond and first law of ther -
mo dy namic. These con cepts are fur ther de scribed in de -
tailed and il lus trated by Buquoy´s own ex per i ments. One
of the con clu sion is the in di rect ob ser va tion of ab so lute
tem per a ture and of the third law and cor rect state ment for
ef fi ciency of the heat pro cess. The later is de scribed in most 
gen eral way. 

The main tech ni cal dif fer ence be tween Buquoys point
of view and our con tem po rary lies in the fact that Buquoy
con sid ered heat mo ments and con ser va tion of mo ments as
the lead ing ten dency. Con tem po rary themodynamics is en -
er getic. De spite to it, one must ad mit that in all as pects
Buquoy´s view of ther mo dy namic pro cesses is more gen -
eral than the text book one, since it lacks the dom i nant ref er -
ence to ideal gas and in cludes state tran si tions. In fact all
Buquoy´s ex per i ments were done in con densed phase. 
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For com plete ness, one should say that the sec ond law is
not explicitely men tioned from en er getic point of view, but
it is men tioned as the gen eral ten dency in the na ture in the
chap ter “Combinatorismus” where the gen eral ten dency to
mix ing is clearly dis tin guished from chem i cal change.
(Chem i cal change is by Buquoy un der stood as change in
chem i cal har mony as anal ogy to res o nance of strings. In
chem is try, mo ment is ex changed in dis tinct amount. Does
it sound fa mil iar to quan tum me chan ics?) 

Be sides that, in Buquoy´s work is, at least con cep tu ally
cor rectly and math e mat i cally con sis tently, ex pressed the
equiv a lence of heat and light ra di a tion and heat con duc -
tance. 

Is Buquoys themodynamics con tem po rary? 
The phenomenological themodynamics – as dis tin guished
from themodynamics based on sta tis ti cal phys ics – is not a
dead field. The lat est big uni fi ca tion co mes from the 2001
when the Lieb and Yngvasson ar ti cle [4] ap peared.  Cer -
tainly the math e matic for mal ism in tro duced later is sub -
stan tially more ad vanced, Buquoy´s ther mo dy nam ics is
that of prac ti cal phys i cal chem ist of con densed phase. 

Most con tem po rary, and ex clu sive, is Buquoy´s con -
cept of in fi nite res er voir. This was first re-in tro duced
(uniquely) by Mac Don ald in 1995 [5] and brings a nat u ral
def i ni tion of en tropy as max i mal heat that the sys tem ab -
sorbs upon ter mi nat ing the given state change. In Buquoy
we read “ …be sides that, it (the metal ball) ac cepts the
same type of calorisation man i fes ta tion as the sur round ing
…with out heat ing it.” Ac cord ing to [4] Mac Don ald´s the -
ory suf fers of un stated as sump tions about differentiability
of en tropy which, how ever, seems to be the only ob jec tion
against it. Buquoy used this con cept for ob jec tive def i ni -
tion of ab so lute tem per a ture. But we know that - in case
that the only adi a batic work is the me chan i cal one. In
the mo ment-based themodynamics this con cept may,
ac tu ally, be quite nat u ral. 

As a gen eral con cept, Buquoy con sid ers phe nom e non
of heat as one of ma jor prin ci ples gov ern ing the world, be -
sides me chan i cal move ment, field (he dis cusses grav i ta tion 
field) and chem i cal changes. He lists dis tinc tions be tween
these phe nom ena but also con sid ers anal ogy be tween par -
tially elas tic col li sion and ther mal phe nom ena.

What would ther mo dy namic be if Buquoy´s the o ries were
broadly ac cepted? 
Start ing from the end of the above ar gu men ta tion, we may
have had a con cep tu ally dif fer ent ther mo dy namic the ory
which nat u rally brings about the third law. The ex per i -
ments would show dif fer ent ab so lute zero entropies, there
are in di ces to this no tion in [1] and [2]. Joint first and sec -
ond law, in math e mat i cal ex pres sion the Gibbs or
Helmholtz en er gies (well, re lated mo ments) would have
been used from the very be gin ning. Would we re ally need
en tropy af ter all? Or, in an other words, do we un der stand
mac ro scopic tem per a ture in de scrip tion of non-equi lib rium 
en ergy-based ther mo dy nam ics? 

In prac tice, there would never be dominancy of ideal
gas state equa tion in our rea son ing. For Buquoy, the (mo -
ment) state equa tion was al ways un known func tion to be
de ter mined ex per i men tally. Ac tu ally, Buquoy´s ex per i -
men tally de vised state equa tions did not sur vive the test of
time. As he ex pected in state ment “….as far as we may say
with our rather im pre cise ther mom e ters….”. 

Fi nally, a bit out side of this ar ti cle, Buquoy´s view of
heat con duc tance and dif fu sion is cer tainly the one which is 
used in mod ern text books. Highly vi sion ary is his chem is -
try and the ory of light. For all this, his mo ment-based view
of world was of a big help. At least it is in ter est ing read ing
for crit i cal minds.  

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

2. G. F. Buquoy, Versuch einer mathematischen
Entwickelung der Fundamentalgesetze der
Wärmeerscheinung, wobey diese bloss als Resultate
gewisser Actionen betrachtet werden, und kein
Wärmestoff vorausgesetz wird, ISIS (1824); Neue
Wärmetheorie, dynamisch-mathematisch entwickelt,
ohne An nahme eines Wärmestoffs (einer bisher
allgemeinen Hypothese), ISIS (1825). 

3. Car not, Sadi, Réflexions sur la puis sance motrice du
feu et sur les ma chines propres à développer cette
puissance. Paris: Bachelier. (1824).

4. E.H. Lieb and J. Yngvasson, The Phys ics and Math e mat ics
of the Sec ond Law of Ther mo dy nam ics. J. Stat. Phys., 103, 
509 (2001).

5. Mac don ald, A., A new state ment of the sec ond law of ther -

mo dy nam ics. Am. J. Phys. 63, 1122-1127 (1995).
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TRANSCRIPTION TERMINATION OF NONPOLYADENYLATED TRANSCRIPTS
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RNA polymerases pro duce RNA tran scripts by ini ti at ing
and ter mi nat ing tran scrip tion in re sponse to spe cific se -
quence el e ments. Sig nals that ter mi nate tran scrip tion re -
side ei ther in the DNA tem plate se quence or, al ter na tively,
in the na scent RNA tran script. We will pres ent our func -

tional and struc tural data re lated to tran scrip tion ter mi na -
tion of nonpolyadenylated tran scripts that is me di ated by
the Nrd1 com plex.
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PROTEOSYNTHETIC ELONGATION FACTOR EF-Tu DOMAINS: THERMAL
STABILITY, ADAPTATION AND FUNCTIONS

Jiøí Jonák1,2,3, Hana Šanderová1,2, Marta Hùlková1, Petr Maloò4, Libor Krásný1,2, 
Markéta Kepková1
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Elon ga tion fac tors EF-Tu are es sen tial com po nents of the
bac te rial pro tein syn the sis ma chin ery. They are mem bers
of the fam ily of GTP-bind ing pro teins, their ac tiv ity is reg -
u lated by gua nine nu cleo tides GDP and GTP. Bind ing with 
GTP in duces an ac tive-GTP con for ma tion ren der ing
EF-Tu ca pa ble of bind ing aminoacyl-tRNA (aa-tRNA) and 
trans fer ring it to the ri bo somal A-site dur ing mRNA de -
cod ing. Hy dro ly sis of the bound GTP to GDP by the EF-Tu 
in trin sic GTPase cen ter, ac ti vated by the codon-anticodon
con tact, in duces a great conformational change in EF-Tu
re sult ing in an “in ac tive”-GDP con for ma tion. EF-Tu.GDP
leaves the ri bo some be cause its af fin ity for aa-tRNA is lost, 
thus al low ing a proper ac com mo da tion of aa-tRNA at the
ri bo somal A-site. All elon ga tion fac tors EF-Tu are com -
posed of a ~400 amino acid res i due long polypeptide chain
folded into three clearly dis tinct do mains. The N-ter mi nal
do main 1 (~200 res i dues) has an al pha/beta struc ture. It is
called a cat a lytic do main as it is the site of GDP/GTP bind -
ing and GTPase ac tiv ity. The mid dle do main 2 and the
C-ter mi nal do main 3 (each com posed of ~100 res i dues) are 
beta bar rels. They have no known bind ing or cat a lytic ac -
tiv ity.

The two gua nine nu cle o tide-in duced EF-Tu con for ma -
tions that de ter mine EF-Tu func tional state (as de scribed
above) are the re sults of both interdomain and intradomain
re ar range ments. To better un der stand how in di vid ual do -

mains are in volved in the build ing of conformational sta -
bil ity and func tions of the EF-Tu we com pared, in sev eral
as says, the prop er ties of iso lated do mains 1 and full length
EF-Tus from mesophilic, Gram- Esch e richia coli (Ec),
grow ing at 37oC, and thermophilic, Gram+ Ba cil lus
stearothermophilus (Bst), grow ing at 60 oC and six chi me -
ric forms of EF-Tu con structed by com bi na tion of do mains
of Ec and Bst EF-Tus. We found that 1) ther mal sta bil ity of
both EF-Tu pro teins in both con for ma tions re sulted from
do main 1 and do mains 2+3 pos i tive co op er a tion. Do main 1 
set up a “basal” level (~20 oC higher with Bst do main 1 than 
with Ec do main 1) of the thermostability of ei ther EF-Tu 
and do mains 2+3 (mainly do main 3) fi nally raised the
thermostability to the level con sis tent with the op ti mal
growth tem per a ture of ei ther or gan ism by sta bi li za tion of
al pha-he li cal re gions of do main 1 (as re vealed by CD spec -
tros copy); 2) non cat a lytic do mains 2+3 of Ec and Bst or i -
gin prin ci pally dif fered in their con tri bu tions to GDP and
GTP bind ing and GTPase hy dro lyz ing ac tiv i ties of their re -
spec tive EF-Tus: (i) Whereas in EcEF-Tu, the phys i o log i -
cal GTP/GDP bind ing ac tiv ity was at tain able only in the
pres ence of all three do mains, in BstEF-Tu this ac tiv ity ap -
peared to be in trin sic to the G-do main alone. Here, the af -
fin ity for GTP/GDP was not af fected by re moval of
do mains 2+3. (ii) Do mains 2+3 (mainly do main 2) of
EcEF-Tu sup pressed whereas do mains 2+3 (mainly do -
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main 2) of BstEF-Tu stim u lated the GTPase ac tiv ity of
their re spec tive G-do mains. These re sults sug gest that de -
spite a high de gree of struc tural homology (~ 80%) EF-Tu
pro teins de vel oped, in var i ous bac te ria, a dif fer ent
inter-do main me chan ics to ful fil the same func tions. The
non-cat a lytic do mains of EF-Tu pro teins might rep re sent
new po ten tial tools for se lec tive ma nip u la tion of G+ and G- 
bacteria.

This work was sup ported by grant No NR9138-3 from the
Min is try of Health of the Czech Re pub lic and by grant No
2B06065 from the Min is try of Ed u ca tion, Youth and Sports
of the Czech Re pub lic.
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