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Tryptophan repressor-bind ing pro tein A (WrbA), more
cor rectly called FMN-de pend ent NAD(P)H:quinone
oxido reductase, is a pro tein highly in ter est ing for its in -
volve ment in ox i da tive stress de fense re sponses in many
or gan isms. Its bi o log i cally func tional as sem bly is a
homotetramer held to gether by non-co va lent in ter ac tions,
whose 1.2 C high-res o lu tion struc ture has re cently been
solved by X-ray crys tal log ra phy. [1] The pres ent work was
aimed at study ing the struc ture-func tion re la tion ship of
WrbA, with main fo cus on un cov er ing the dy nam ics of its
be hav iour in so lu tion. Spe cif i cally, this meant un der stand -
ing the ef fects of fac tors de ter min ing its conformational
and oligomeric states, where the pro tein is known to be
pres ent in the so lu tion in dy namic equi lib rium be tween
monomeric, dimeric and tetrameric spe cies.

Stud ied pro tein was pro duced by overexpression in its
nat u ral pro ducer or gan ism E. coli and pu ri fied to ho mo ge -
ne ity by size ex clu sion and af fin ity chro ma tog ra phy steps,
be fore be ing sub jected to stud ies by an a lyt i cal ul tra cen tri -
fu ga tion and ad vanced struc tural mass spec trom e try tech -
niques. Na tive mass spec trom e try cou pled with ion
mo bil ity en abled us to gently trans fer the whole non-co va -
lent WrbA as sem bly into the gas phase while pre serv ing its
struc ture and showed a dra matic sta bi liz ing ef fect of FMN
co fac tor on the pro tein in its tetrameric form. It also un cov -
ered a pos i tive interdomain co op er a tive ef fect which seems 
to be involved in the binding of FMN molecules to
individual WrbA subunits.

Be hav iour of WrbA in so lu tion was also probed by hy -
dro gen / deu te rium ex change and chem i cal cross-link ing in 
com bi na tion with mass spec trom e try. These tech niques en -

abled a more de tailed de scrip tion and struc tural lo cal iza -
tion of conformational changes in the WrbA macro mo
lecule de pend ing on the pres ence of co fac tor and on the
vary ing so lu tion con di tions. We spe cif i cally stud ied the ef -
fects of so lu tion tem per a ture and the pro tein con cen tra tion, 
which ac cord ing to the an a lyt i cal ul tra cen tri fu ga tion de ter -
mine the oligomeric state of WrbA by influencing its
dimer-tetramer dynamic equilibrium.

In com bi na tion with com pu ta tional mod el ling and crys -
tal lo graphic data, the com bi na tion of com ple men tary struc -
tural mass spec trom e try tech niques pro vided a novel
in sight into the be hav iour of the WrbA pro tein in so lu tion
and of fered an ex pla na tion for the mech a nism of its
oligomerization.
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H/D ex change cou pled to mass spec trom e try is al ready a
well-es tab lished tech nique of struc tural bi ol ogy. It al lows
mon i tor ing of pro tein in ter ac tions and struc ture changes
via time re solved ki net ics of am ide hy dro gen ex change. It
is of ten pre sented as a tech nique with vir tu ally no lim i ta -
tions in terms of pro tein size, com plex ity, or buffer re quire -
ments.  In this pre sen ta tion we will crit i cally re view these
state ments by dem on strat ing meth od olog i cal de vel op -
ments in our lab o ra tory and their ap pli ca tion to sev eral
non-triv ial pro tein prob lems in clud ing mon i tor ing of a

large num ber of un usual ex per i men tal con di tions, big mod -
i fied pro teins, mem brane pro teins and com plex pro tein
mix tures. 
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Bright-field mi cros copy im ages pro vide us the best in for -
ma tion about the cell and cell in te rior with out any la bel ling
or other changes of the sam ple.

The first step in our anal y sis is the cal cu la tion of PDG
(Point Di ver gence Gain) [1]. The ba sic idea of this anal y sis 
is that ho mo ge neous ob jects give the PDG val ues (in for -

ma tion change be tween two con sec u tive im ages in Z-scan)
equal zero. There fore, the sec ond step is se lec tion of all
these points. This im ages are ap plied as a mask on the orig i -
nal im ages. Now we are able to do the first 3D re con struc -
tions. The zero value of the PDG does not mean that these
ob jects will have the same intensities in the whole volume.

Fig ure 1. Dem on stra tion of the al go rithm on the im age of 220nm la tex par ti cle. A - Orig i nal im age, B - Part of the im age with zero val -
ues of PDG, C – Con tour im age with dif fer ent in ten si ties, D – Dark est part of the image. 



In the bright-field mi cros copy (dif frac tion im ages) the
fo cused ob jects are the dark est ones. To ob tain the im age of 
the real ob ject, the next log i cal step is to find lay ers with the 
same in ten sity. This is per formed by find ing con tours in
z-stack images (Fig. 1).

This PDG anal y sis is used for es ti ma tion of the cell size
and will be fol lowed by anal y sis of dif fer en tial im ages.
Dif fer en tial im ages gives us more pre cise and more lo cal -

ized in for ma tion about in di vid ual orga -
nelles and prim i tive dif fract ing ob jects
(Figs. 2, 3).

Dif fer en tial im ages can be also used
for de tec tion of the cell (Fig. 4). 
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Fig ure 2. 3D re con struc tion of the cell. PDG val ues are equal to zero – 3D view.

Fig ure 3. 3D re con struc tion of the cell. PDG val ues equal to zero (top) and their dark est parts (bot tom) – side view.

Fig ure 4. Left im age – Sum of im ages with lower in ten si ties, Right im age – fi nal
mask of the cell.
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Tu ber cu lo sis, the sec ond lead ing in fec tious dis ease killer
af ter HIV, re mains a top pub lic health pri or ity. The caus -
ative agent of tu ber cu lo sis, My co bac te rium tu ber cu lo sis
(Mtb), which can cause both acute and clin i cally la tent in -
fec tions, re pro grams me tab o lism in re sponse to the host
niche. Phosphoenolpyruvate carboxykinase (Pck) is the en -
zyme at the cen ter of the phosphoenolpyruvate- pyruvate-
 oxaloacetate node, which is in volved in reg u lat ing the car -
bon flow dis tri bu tion to ca tab o lism, anabolism, or res pi ra -
tion in dif fer ent states of Mtb in fec tion. Un der stan dard
growth con di tions, Mtb Pck is as so ci ated with gluconeo -
genesis and cat a lyzes the metal-de pend ent for ma tion of
phosphoenolpyruvate. MTb Pck con tains nine cysteine res -
i dues that might co-de ter mine the re dox state and con for -
ma tion of Pck un der dif fer ent con di tions. Struc tural
align ment showed that Cys-273, lo cated within the pu ta -
tive P loop of MTb Pck, is prob a bly the hy per reac tive
cysteine res i due, which is typ i cal for the GTP-de pend ent

Pck fam ily and co or di nates bind ing of Mn2+ in the ac tive
site [1]. The mi nor struc tural changes of Pck in the ab sence
or in the pres ence of re duc ing agents were re ported and the
pres ence of one disulfide bridge was sug gested [2]. 

We pres ent the spec tro scopic study of the Pck and its
mu tants C119S and C198S to char ac ter ize this disulfide
bridge. The mu ta tion sites were cho sen with re spect to de -
tail crys tal struc ture anal y sis of Pck and rep re sent the
cysteines, which might form disulfide bond. Cir cu lar
dichroism and Raman spec tros copy sup ported by mass
spec tros copy was used for this purpose.
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The sys tem the ory of Zampa [1] gives the frame work for
the anal y sis of in for ma tion pro vided by the mea sure ment.
It ex plains the cru cial im por tance of the sys tem model for
un der stand ing of mea sure ment in dy namic sys tems. Cru -
cial term in this re spect is the com plete im me di ate cause
Ck,l of the con se quence Dk,l

C Dk l
k l i j

i j,
, ,

,Ì
<

U

where k and i de mar cate time in stants at which the mea -
sure ment is per formed and l and j are time in stants which
make pro vi sion for the cau sal ity be tween mea sure ments. 

In many tech ni cal sys tems, i.e. elec tri cal or me chan i cal, 
we have rather good mod els which en able us both to de ter -
mine the ex tent of time needed for de ter mi na tion of the Ck,l

and to an a lyze the cau sal ity within in ter vals be tween mea -
sure ments. Non-lin ear dy nam i cal sys tem may also reach
re cur rent be hav iour which may be in ergodic state [2,3]  or,
in other words, be Lyapunov sta ble [4]. 

In the physico-chem i cal equi lib rium sys tems we as -
sume no sys tem mem ory, the state of the sys tem does not
de pend on the path by which it was achieved, i.e. 

C Dk l k l, ,=

Bi o log i cal sys tems are not in chem i cal equi lib rium and we
also do not have good mod els for their time evo lu tion.
They are dy nam i cal self-or ga nized sys tems, struc tured out -
side equi lib rium, and for their time evo lu tion we may re fer
to qual i ta tive sim pli fied mod els of time evo lu tion of cel lu -
lar au tom ata [5]. We con sider travel through the zone of at -
trac tion along which a few well de fined, com mon and
struc tured states are vis ited and ob served. Bi o log i cal sys -
tems such as liv ing cells are re-started be fore achieve ment
of the re cur rent / ergodic state, higher or gan isms evolve
more freely and are “alive” only through their off springs.
Con se quences of these find ings for mea sure ment in
self-or gan ised sys tems and ad e quate mod els will be shown
and so lu tions for ad e quate re port ing of bi o log i cal sys tems



will be shown [6]. Our find ings also ex plain sources of in -
con sis tences and irreproducibilities in con tem po rary bi ol -
ogy [7,8]. 
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Microscale Thermophoresis (MST) al lows for quan ti ta tive
anal y sis of pro tein in ter ac tions in free so lu tions and with
low sam ple con sump tion. The tech nique is based on
thermophoresis, the di rected mo tion of mol e cules in tem -
per a ture gra di ents. Thermophoresis is highly sen si tive to
all types of bind ing-in duced changes of mo lec u lar prop er -
ties, be it in size, charge, hydration shell or con for ma tion.
In an all op ti cal ap proach, thermophoresis is in duced us ing
an in fra red la ser for lo cal heat ing, and mol e cule mo bil ity in 
the tem per a ture gra di ent is an a lyzed via flu o res cence. In
ad di tion to flu o res cence by la bels or fu sion pro teins at -
tached to one of the bind ing part ners, in trin sic pro tein flu o -
res cence can be uti lized for MST thus al low ing for
la bel-free MST anal y sis. Its flex i bil ity in as say de sign

qual i fies MST for biomolecular interactionanalysis in
com plex  ex per i men tal set tings, which we herein dem on -
strate by ad dress ing typ i cally chal leng ing types of bind ing
events from var i ous fields of life sci ence. The in ter ac tion of 
small mol e cules and pep tides with pro teins is, de spite the
high mo lec u lar weight ra tio, readily ac ces si ble via MST.
Fur ther more, MST as says are highly adapt able to fit to the
di verse re quire ments of dif fer ent biomolecules, e.g. mem -
brane pro teins to be sta bi lized in so lu tion. The type of
buffer and ad di tives can be cho sen freely. Mea sur ing is
even pos si ble in com plex bioliquids like celllysate and thus 
un der close to in vivo con di tions and with out sam ple pu ri -
fi ca tion. Bind ing modes that are quan ti fi able via MST in -
clude dimerization, cooperativity and com pe ti tion.
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