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J. Dohnálek1, K. Adámková1, M. Trundová1, B. Hus•áková1, J. Dušková1, P. Kolenko1,2, 
J. Hrubý1,2, J. Hašek1, T. Skálová1, T. Kova¾1

1In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, Prùmyslová 595, 25250 Vestec
2Czech Tech ni cal Uni ver sity in Prague, Bøehová 7, 115 19, Prague

dohnalek@ibt.cas.cz

Fungi, trypanosomatids, plants and some patho genic bac te -
ria code for 3’-nu cleases/nucleotidases which be long to the 
S1-P1 nuclease fam ily [1]. While for ex am ple in Leish -
mania amazonensis its mem brane-at tached 3’-nucle o -
tidase is sus pected to be a vir u lence fac tor, in plants they
have a role in growth and cell death. The role of bac te rial
en zymes from this fam ily is not clear.

S1-P1 nu cleases are metalloenzymes of MW ~25-40
kDa, typ i cally zinc-de pend ent, re ly ing on a clus ter of three

di va lent met als in a sur face cav ity of an al most fully a-he li -
cal fold. The clus ter, bind ing the phos phate group af ter the
cleaved bond, is ac com pa nied by the nucleobase-bind ing
site 1 which is re spon si ble for sta bi li za tion of the –1 nu cle -
o tide with re spect to the cleaved O3’-P3’ bond. These en -
zymes can act as endonucleases and nucleotidases. They
cleave DNA, RNA, sin gle strands, dou ble strands, vir oids,
some mod i fied nu cleo tides, oligonucleotides and genomic
DNA, sub strates which are struc ture or un struc tured, with -
out any sig nif i cant se quence pref er ence. These prop er ties
make them ideal can di dates for bio tech no log i cal ap pli ca -
tions [1].

In ter est ingly, even if their fold ba si cally does not
change across the bi o log i cal spe cies, their ac tiv ity pro files
can dif fer dra mat i cally, in some cases be ing ba si cally a ss
DNase with neg li gi ble ac tiv ity to wards dou ble strands, in
some cases more of an RNase, and for ex am ple in plants
show ing com pa ra ble ac tiv ity to wards all types of nu cleic
ac ids. Some eukaryotic rep re sen ta tives (to mato) re quire
glycosylation to main tain the en zyme sta ble, while the bac -
te rial ver sions with very close struc ture are sta ble at high
con cen tra tions with out such mod i fi ca tions. 

We have stud ied S1-P1 nu cleases from plants, fun gus,
and two bac te rium spe cies [2-5]. Crys tal lo graphic stud ies,
mu ta gen e sis, nu mer ous prod uct/ligand com plexes helped

us better un der stand the struc ture-func tion ques tions, such
as ac tive site re mod el ling, sen si tiv ity to metal re place ment,
key mo bil ity el e ments in the ac tive site and more. Re cently, 
for the first time we have iden ti fied a “supernuclease” ca -
pa ble of pre vi ously un seen rates for this en zyme class, un -
cov ered the key re gion for RNA/DNA pref er ence, which
opens door to “tai lor-made” op ti mi za tion, and dis cov ered
its high ac tiv ity to wards cy clic-di-GMP, the bac te rial sec -
ond mes sen ger [6]. The crys tal li za tion prop er ties of some
rep re sen ta tives en able stud ies at high res o lu tions, mak ing
it pos si ble for us to start ask ing ques tions about protonation 
states of en zyme and its sub strate upon en coun ter.
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KINASE ACTIVITY

J. Bìlíèek1, D. J. Kopeèný1, A. Vigouroux2, M. Kopeèná1, V. Mik1, R. Konèitíková1, 
K. von Schwartzenberg3, S. Moréra2*, D. Kopeèný1*

1De part ment of Ex per i men tal Bi ol ogy, Fac ulty of Sci ence, Palacký Uni ver sity, Olomouc 779 00, 
Czech Re pub lic

2Université Paris-Saclay, CEA, CNRS, In sti tute for In te gra tive Bi ol ogy of the Cell (I2BC,) G
if-sur-Yvette 91198, France

3In sti tute for Plant Sci ence and Mi cro bi ol ogy, Universität Ham burg, 22609 Ham burg, Ger many
jakub.belicek01@upol.cz

Adenosine kinase (ADK) ca tal y ses ATP-de pend ent
phospho rylation of adenosine and cytokinin ribosides in
plants. Ado is pri mar ily syn the sized through the ac tiv ity of
S-adenosyl homocysteine (SAH) hydrolase [1] and pu rine
nucleoside phosphorylase (PNP) catalysing Ado ribo sy -
lation [2]. Since SAH hydrolase par tic i pates in the S-ade -
no syl methionine (SAM) cy cle, the ac cu mu la tion of Ado
can lead to its feed back in hi bi tion, thereby dis rupt ing the
cy cle and im pair ing SAM-de pend ent transmethylation. To
pre vent this, ADK role in re mov ing Ado is piv otal [3]. 

We ex am ined the sub strate pref er ences, oligomeric
states, and struc tures of ADKs from moss (Physcomitrium
patens) and maize (Zea mays), com ple mented by metabo -
lomic and phenotypic anal y ses. Un like monomeric hu man
and protozoal ADKs, maize and moss en zymes formed
dimers at higher con cen tra tions. Struc tural and ki netic
stud ies re vealed an in ac tive dimer with ac tive sites blocked
by the other sub unit. The moss ADKs, with a higher
dimerization pro pen sity, showed ten fold lower ac tiv ity
than maize ADKs. Monomeric struc tures in a ter nary com -
plex cap tured the open-to-closed state tran si tion upon sub -
strate bind ing. Our find ings sug gest that oligome rization
mod u lates plant ADK ac tiv ity, with dimerization serv ing
as a neg a tive feed back mech a nism to reg u late ade no sine
and AMP lev els [4]. The reg u la tion is even more com plex
as the plant ADKs form heterocomplexes with SNF1/
SnRK1/AMPK [5]. ADK helps to main tain SnRK1 ac tiv ity 
which turns off en ergy-con sum ing biosynthetic path ways
as well as turns on ATP-gen er at ing re ac tions upon var i ous
stresses [5, 6]. 
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NanoLuc lu ci fer ase, a small en zyme re nowned for its ex -
cep tion ally bright bioluminescence, has found wide spread
ap pli ca tions in bio tech nol ogy and biomedicine since be ing
de signed in 2012 [1]. How ever, the mys tery be hind
NanoLuc’s light-emit ting re ac tion, cru cial for de vel op ing
next-gen er a tion bioluminescent sys tems, re mained un -
solved. In this study, we made sig nif i cant prog ress in un -
der stand ing NanoLuc’s mech a nism by com bin ing var i ous
lab o ra tory and com pu ta tional tech niques, in clud ing crys -
tal log ra phy, ki netic mea sure ments, mo lec u lar dock ing, and 
mo lec u lar dy nam ics sim u la tions with en hanced sam pling.

One of the most in trigu ing fea tures of NanoLuc is its
small size, con sist ing of just 171 amino acid res i dues. This
is a stark con trast to luciferases from sea pansy Renilla
reniformis (311 res i dues) and fire fly Photinus pyralis (550
res i dues). We con firmed that NanoLuc is monomeric in so -
lu tion but can also crys tal lize as a homotetramer un der cer -
tain con di tions. We have also iden ti fied two sub strate
bind ing sites (Fig. 1): the cat a lytic site in side NanoLuc

mono mer, and an allosteric bind ing site on the
oligomerization in ter face of NanoLuc crys tals [2]. More -
over, we used adap tive sam pling and adap tive steered mo -
lec u lar dy nam ics (ASMD) sim u la tions to study the ligand
be hav ior with the NanoLuc mono mer and dimer. Im por -
tantly, we have dem on strated that in tro duc ing mu ta tions in
the allosteric site can en hance the bioluminescent re ac tion
oc cur ring in the ac tive site.
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Fig ure 1. Two dis tinct sub strate bind ing sites of NanoLuc – the cat a lytic site (left) and the allosteric site (right).
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Struc ture-based drug de sign on CDK7 has not been ex ten -
sively used due to the lack of a well-es tab lished plat form
for this kinase. CDK7 re quires ex pres sion in in sect cells
[1,2], and un til re cently, there have been only few X-ray
struc tures of CDK7 in the PDB – rel a tively low-res o lu tion
monomeric CDK7 in com plex with ATP [1] and with in -
hib i tor LDC4297 (PDB 8p4z). Only very re cently,
high-res o lu tion cryo-EM struc tures have been de ter mined
for CDK7/cyclin H/MAT 1 com plexes with ATP an a logue
and num ber of in hib i tors in clud ing THZ1, samuraciclib
and dinaciclib. 

In this work, we pres ent CDK2m7 – a CDK2-based
CDK7 mimic that can be ex pressed in E. coli in a fully ac -

tive form. Sim i lar ap proach has been suc cess fully used for
sev eral other kin ases, in clud ing CDK4 [3]. We iden ti fied
and mu tated 12 CDK res i dues in volved in con tacts with
lig ands to mimic the se quence of CDK7 (Fig ure 1).
CDK2m7 was ex pressed in E. coli in the Thr160-phospho -
rylated form and co-pu ri fied with a frag ment of cyclin A2
(cycA, res i dues 175–432), sep a rately ex pressed in E. coli. 

To con firm the suit abil ity of the in tro duced mu ta tions
in CDK2m7, in hib i tor bind ing was ana lysed us ing a panel
of CDK in hib i tors with vary ing se lec tiv ity. Po tent CDK7
in hib i tors showed no in hi bi tion of CDK2, whereas
CDK2m7 was strongly in hib ited in nanomolar con cen tra -
tions. We fur ther de ter mined the crys tal struc ture of ac tive
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Fig ure 1. De sign of CDK2m7. Struc tural (A) and se quence (B) align ment of CDK2 (PDB 8fp5) and CDK7 (PDB
1ua2). Re gions are shown in yel low and cyan in CDK2 and CDK7, re spec tively. Mu tated res i dues are shown as sticks
(A) and high lighted by boxes (B). (C) Coomassie-stained SDS-PAGE gel doc u ment ing the pu rity of the
CDK2m7/cyclin A2 (cycA2) complex.



CDK2m7/cycA in com plex with in hib i tor SY5609 [4] at
the res o lu tion of 2.2 C. It was clear that CDK2m7 main -
tains the in teg rity of the ac tive site, doc u mented by sim i lar
con for ma tion of the side-chains of the mu tated res i dues as
in the struc tures of the CDK7/cycH/MAT1. More over,
bind ing of the in hib i tor cor re sponded well with the pre vi -
ously per formed mo lec u lar dock ing of SY5609 into the ac -
tive CDK7 com plex (PDB 7b5q) [4]. In con clu sion,
CDK2m7 mim ics well the CDK7, could be pro duced in E.
coli in a fully ac tive, phosphorylated form in com plex with
cyclin A2. CDK2m7 could be used in bio chem i cal mea -
sure ments as well as in struc ture-as sisted de sign of CDK7
in hib i tors. 
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CRYSTALLIZING THE FUTURE: UNVEILING NEW INNOVATIONS AT MOLECULAR
DIMENSIONS

Paul Driver

Mo lec u lar Di men sions

Mo lec u lar Di men sions has long been a leader in pro vid ing
com pre hen sive workflow so lu tions that em power struc -
tural bi ol o gists to over come chal lenges in pro tein crys tal li -
za tion. In this pre sen ta tion, the speaker will of fer an
in-depth up date on the com pany’s lat est com mer cial in no -
va tions. First, a novel ultrafiltration con cen tra tor will be in -
tro duced—a break through prod uct that elim i nates the need 
for a cen tri fuge, de liv ers gen tle con cen tra tion of re com bi -
nant pro teins, and achieves ex cep tion ally high re cov ery
rates. In ad di tion, the talk will spot light a new lipid screen

de vel oped to eval u ate the op ti mal lipids for mem brane pro -
tein workflows, a vi tal step in en hanc ing the sta bil ity and
func tion of these chal leng ing tar gets. Fur ther more, an up -
dated suite of crystallisation screens will be pre sented, each 
de signed to stream line the pro cess of pro tein struc ture de -
ter mi na tion. By de tail ing these ad vance ments, the pre sen -
ta tion un der scores Mo lec u lar Di men sions’ com mit ment to
in no va tion and its on go ing role in driv ing the evo lu tion of
struc tural bi ol ogy research.
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