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The most im por tant flu o res cent mol e cules in bi ol ogy are
flu o res cent pro teins [1]. De spite their wide spread use, it is
largely un ap pre ci ated that they do not be have as point
sources of light, but as an ten nas. The rate at which flu o res -
cent pro teins ab sorb light de pends on their ori en ta tion with
re spect to the in com ing light wave [2], and the emis sion of
light by flu o res cent pro teins is di rec tional. Directionality
of op ti cal prop er ties of mol e cules is de scribed by a vec tor,
the tran si tion di pole mo ment (TDM).  Here we pres ent the
re sults of our op ti cal mea sure ments of FP crys tals that,
when com bined with knowl edge of the crys tal struc tures,
al lowed us to de ter mine the mo lec u lar ori en ta tions of ab -
sorp tion TDMs in sev eral rep re sen ta tive flu o res cent pro -
teins. Know ing the TDM ori en ta tions will al low quan ti -
tative in ter pre ta tions of flu o res cence res o nance en ergy
trans fer ex per i ments, de ter mi na tions of mo lec u lar ori en ta -
tions by po lar iza tion-re solved mi cros copy, ra tio nal de vel -
op ment of mo lec u lar probes, and other novel ap pli ca tions
of these ex ceed ingly use ful mol e cules.
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Fig ure 1. Struc ture of the mol e cule of the en hanced green flu o res -
cent pro tein (eGFP), with the directionality of its light ab sorp tion
and emis sion in di cated.
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En hanc ing pro tein ro bust ness is cru cial for fun da men tal re -
search as well as for tech no log i cal ap pli ca tions. Our pre vi -
ous com pu ta tional pro tein de sign ef fort yielded an
11-point mu tant haloalkane dehalogenase DhaA115 with

out stand ing thermostability (Tm = 73.5 °C, DTm = 24 °C).
Pre cise un der stand ing of mo lec u lar ba sis for this
thermostability re mained sparse. Here we re port 1.55 C
and 1.6 C res o lu tion struc tures of DhaA115 ob tained by
X-ray crys tal log ra phy. We show that the place ment of
bulky ar o matic amino ac ids on the pro tein sur face trig -
gered novel long-dis tance back bone changes, es tab lish ing
a new dou ble-lock sys tem that: (i) closed ac cess gates, (ii)
re duced vol umes of both main and slot ac cess tun nels, and

(iii) made the ac tive site oc cluded. De spite of these ex ten -
sive struc tural changes, ex per i men tal track ing of en try
path ways by high-pres sure kryp ton derivatization of
DhaA115 crys tals re vealed trans port of small lig ands
through en zyme’s tun nels. Ex per i men tal ob ser va tions are
in full agree ment with the re sults from com puter sim u la -
tions. Our find ings un ravel a novel struc tural ba sis of en -
zyme thermostabilisation, which will pave the way for
de sign ing highly thermostable biocatalysts and ther a peu -
tics.

This work was sup ported by MSCA Ma rie Sklodowska-Cu -
rie Ac tions (792772) and GAMU (MUNI/H/1561/2018).
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Re peats-in-Tox ins (RTX) pro tein fam ily is a het er o ge -
neous group of pro teins that are se creted by Gram-neg a tive 
bac te ria. The polypeptides vary in size in clud ing mo lec u lar 
weights from about 10 kDa to larger than 1000 kDa and ex -
hibit a wide range of bi o log i cal and bio chem i cal ac tiv i ties.
While many of clas si cal RTX pro teins func tion as tox -
ins/cytolysins in volved in bac te rial pathogenesis, the oth -
ers com prise se creted pro teas es, li pases, bacteriocins, or
play a role in plant nodulation, mo til ity, ad he sion and
biofilm for ma tion. Here, we ex am ine the struc ture-func -
tion as pects of the RTX do main of the Bordetella per tus sis
adenylate cyclase toxin (CyaA) and its role in the
T1SS-me di ated se cre tion of the toxin polypeptide. We
show that un folded RTX re peats keep the sta bil ity of CyaA
polypeptide in the Ca2+-de pleted bac te rial cytosol and

dem on strate that se cre tion lev els of CyaA are pro por tional
to the num ber of RTX mo tifs re tained in the dif fer ent CyaA 
con structs. Fur ther more, we de scribe the crys tal struc ture
of the RTX block IV-V of CyaA (CyaA1372-1681) con tain ing
a con tin u ous as sem bly of two par al lel â-roll mo tifs not
pre vi ously seen in RTX li pases or other RTX pro teins. Our
data pro vide struc tural in sight into the architecture of the
RTX mo tifs of large RTX pro teins and sup port the
push-ratchet mech a nism for the T1SS-me di ated se cre tion
of very large RTX pro teins [1].
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AfGcHK [1] is a glo bin cou pled histidine kinase from a soil
bac te rium Anaeromyxobacter sp. Fw109-5. It is an intra -
cellular en zyme which serves as an ox y gen sen sor. It has
two do mains: the N-ter mi nal do main con tains heme with
an ox y gen bind ing site and the C-ter mi nal do main ex hib its
autophosphorylation ac tiv ity in duced by the ox y gen bind -
ing. Both do mains are con nected by a flex i ble linker, which 
makes crys tal li za tion of the full-length AfGcHK dif fi cult.
The en zyme is ac tive in dimeric form.

Two crys tal struc tures of the glo bin do main of the
en zyme, com par ing its ox i dized and re duced state [2], were 
pre sented in this con fer ence two years ago. This year, we
would like to pres ent crys tal struc ture of the AfGcHK glo -
bin do main in a monomeric form, in com plex with
imidazole [3]. 

The crys tal grew in the Morpheus C4 con di tion con -
tain ing 50 mM imidazole as a part of a buffer sys tem. The
dif frac tion data were col lected at the Di a mond Light
Source and they were pro cessed to res o lu tion 1.8 Å. The
struc ture has been de pos ited in the Pro tein Data Bank un -
der the code 6OTD.

The AfGcHK glo bin do main has monomeric form
in this crys tal struc ture. Imidazole is bound to the heme ox -
y gen bind ing site and, more over, there is a sec ond bound
imidazole mol e cule. It is also near the heme and oc cu pies
po si tion of Tyr15 of the part ner chain in dimer. This ob ser -

va tion led us to study the im por tance of the Tyr15 res i due
for the glo bin do main dimerization and en zyme ac tiv ity.

We discovered that mutation of Tyr15 is a simple way
to disrupt the dimerization interface of the AfGcHK globin
domain. It was found that the dimerization of the globin
domain is necessary for internal signal transduction in the
full-length AfGcHK and for its autophosphorylation
activity (Fig. 1).
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Fig ure 1. Scheme of two-do main dimeric histidine kinase  AfGcHK (left). When glo bin do main dimerization is dis rupted, the en -
zyme loses its ac tiv ity (right). This fig ure was orig i nally pub lished in the Jour nal of Bi o log i cal Chem is try [3]. © the Amer i can So ci -
ety for Bio chem is try and Molecular Biology
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Lectins are car bo hy drate-in ter act ing pro teins in volved in
nu mer ous pro cesses in liv ing or gan isms, in clud ing cell de -
vel op ment, cell-cell com mu ni ca tion, rec og ni tion of a
patho gen by a host and vice versa. Fre quently, sin gle or -
gan ism pro duces sev eral dif fer ent lectins and, es pe cially in
com plex en vi ron ments, sin gle lectin might be in volved in
sev eral pro cesses. Photorhabdus is a ge nus of gram-neg a -
tive bioluminescent bac te ria liv ing in a sym bi o sis with
Heterorhabditis nem a todes form ing a highly entomo -
pathogenic com plex that is used in ag ri cul ture as a na -
ture-based in sec ti cide. Some mem bers of Photorhabdus
ge nus act as hu man patho gens as well. It is not sur pris ing,
that Photorhabdus bac te ria en code sev eral lectins in their
ge nome [1-3].

There are sev eral well-known specificities for lectins.
Com monly stud ied are lectins rec og niz ing L-fucose or
sialic acid, sac cha rides that are found on mam ma lian tis -
sues. How ever, in bac te ria, fungi and in ver te brates, many
other po ten tially tar geted sac cha rides ex ist. One such
group of rarely stud ied sac cha rides are O-meth yl ated
glycans that are mod i fied by methyl group on one or more
of their hy drox yls [4]. They were re cently de scribed as
patho gen-as so ci ated mo lec u lar pat terns, i.e. mol e cules that 
serve for patho gen rec og ni tion. They were found in bac te -
ria, fungi, plants, worms and molluscs but not in ar thro pods 
or mam mals.

We ana lysed sev eral ho mol o gous lectins from P.
asymbiotica and P. laumondii re veal ing their abil ity to rec -
og nize O-meth yl ated sug ars. We ex am ined the bind ing us -
ing glycan ar ray, ITC and SPR tech niques and in ves ti gated
their ef fect on lectin-based stim u la tion of in sect im mune

sys tem. Since each of stud ied lectins har bours sev eral bind -
ing sites of non-equal spec i fic ity, we also solved X-ray
struc ture with a few O-meth yl ated glycans. The com bi na -
tion of ap proaches al lows us to in ves ti gate these in ter ac -
tions in fur ther de tails. It may shed a light onto the com plex 
in ter ac tion be tween Photorhabdus and its sym bi onts/hosts
and pos si bly find ap pli ca tions in biotechnologies, clin i cal
re search and drug de vel op ment.
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