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NanoLuc, a su pe rior b-bar rel fold lu ci fer ase, was en gi -
neered 10 years ago but the na ture of its ca tal y sis re mains
puz zling. Here ex per i men tal and com pu ta tional struc tural
tech niques were com bined, re veal ing that imidazo pyrazi -
none luciferins bind to an intra-bar rel cat a lytic site but also
to an allosteric site shaped on the en zyme sur face [1]. Bind -
ing to the allosteric site pre vents si mul ta neous bind ing to
the cat a lytic site, and vice versa, through con certed confor -
mational changes. We dem on strate that restruc turation of
the allosteric site can boost dra mat i cally the lu mi nes cent
re ac tion in the re mote ac tive site. Mech a nis ti cally, an intra-  
bar rel arginine co or di nates the imidazo pyrazinone com po -
nent of luciferin to at tack O2 via a rad i cal charge-trans fer
mech a nism, while it protonates the ex cited am ide prod uct
to se cure high emis sion in ten sity. Con com i tantly, an
aspartate, sup ported by two tyrosines, fine-tune the elec -
tronic state of the am ide prod uct, pro mot ing the for ma tion
of the blue col ored emis sion. Thus, we show that NanoLuc, 
de spite its struc tural dis sim i lar ity, em ploys anal o gous

tricks to se cure a blue light-emit ting phenolate an ion, as we 
re cently re vealed for Renilla-type lu ci fer ase [2]. Such in -
for ma tion should be crit i cal to en gi neer the next-gen er a -
tion of light-pro duc ing biosystems.
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The aim of this study was to eval u ate the ef fi ciency of us -
ing mei otic spin dle (MS) vis i bil ity and rel a tive po si tion to
the po lar body (PB), as in di ca tors of oocyte mat u ra tion, to
op ti mize intracytoplasmic sperm in jec tion (ICSI) tim -

ing. This was a co hort study of pa tients youn ger than 40
years with planned ICSI, the tim ing of which was de ter -
mined by MS sta tus, com pared with those with out MS
eval u a tion. The an gle be tween PB and MS, and MS vis i bil -
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ity were eval u ated by op ti cal mi cro scope with po lar iz ing
fil ter. Oocytes with MS eval u a tion were fer til ized ac cord -
ing to MS sta tus ei ther 5-6 hours af ter ovum pick-up (OPU) 
or 7-8 hours af ter OPU. Oocytes with out MS eval u a tion
were all fer til ized 5-6 hours af ter OPU. For pa tients over 35 
years vi su al iza tion of MS in flu enced preg nancy rate (PR):
182 pa tients with MS vi su al iza tion had 32% PR (58/182);
while 195 pa tients with out MS vi su al iza tion had 24% PR

(47/195). For pa tients un der 35 years, vi su al iza tion of MS
did not in flu ence PR: 140 pa tients with MS vi su al iza tion
had 41% PR (58/140), while 162 pa tients with out MS vi su -
al iza tion had 41% PR (66/162). Vi su al iza tion of MS there -
fore ap pears to be a use ful pa ram e ter for as sess ment of
oocyte ma tu rity and ICSI tim ing for pa tients older than 35.
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Once thought to act pri mar ily as a stor age mol e cule for ge -
netic in for ma tion, it is now known that DNA and RNA can
have many other func tions [1]. Our group is par tic u larly in -
ter ested in the abil ity of nu cleic ac ids to act as cat a lysts. It is 
not yet pos si ble to de sign nu cleic acid se quences with cat a -
lytic ac tiv ity. How ever, us ing pow er ful meth ods of ar ti fi -
cial evo lu tion, rare mol e cules that cat a lyze a de sired
re ac tion can be iso lated from ran dom se quence li brar ies of
1015 (or more) se quences. We are in spired by the power of
ar ti fi cial evo lu tion, and are us ing this tech nique to learn
more about the in ter est ing and use ful things that nu cleic ac -
ids can do. In this pre sen ta tion I will de scribe meth ods re -
cently de vel oped in the group to ex plore se quence space
us ing sec ond ary struc ture li brar ies (li brar ies en riched for a
sec ond ary struc ture of in ter est) and sin gle-step se lec tions
(se lec tions that can be per formed in a sin gle round rather
than the ten or more that are of ten re quired). In one ex am -
ple of this ap proach, RNA-cleav ing deoxyribozymes were
iso lated from a struc tured li brary con tain ing a ran dom ized
re gion of only 12 nu cleo tides (cor re spond ing to 107 dif fer -

ent se quences) in a sin gle round of se lec tion fol lowed by
high-through put se quenc ing [2]. In an other ex am ple, a
novel syn thetic method [3] was used to con struct a li brary
en riched for se quences with the po ten tial to form the sec -
ond ary struc ture of Su per nova [4], a light-pro duc ing
deoxyribozyme re cently dis cov ered in our group. Ac tive
vari ants were iso lated from this li brary us ing sin gle-step
se lec tions, in clud ing some with im proved cat a lytic ef fi -
cien cies. These ex am ples high light how struc tured li brar -
ies can be used in com bi na tion with sin gle-step se lec tions
to rap idly ob tain in for ma tion about func tional nu cleic acid
mo tifs. 
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Mo lec u lar-scale bio phys ics is a dy namic in ter dis ci plin ary
field that aims to study bi o log i cal macromolecules and as -
sem blies as a whole, at an in ter me di ate level be tween
atomic-res o lu tion struc tural de scrip tions and cel lu lar-level
ob ser va tions with sig nif i cant ap pli ca tions in biomedicine
and drug dis cov ery. There has been es tab lished nu mer ous
bio phys i cal core fa cil i ties and other lab o ra to ries en abling
us ers of var i ous back ground to use the ad vanced in stru -
men ta tion. Since the de vel op ment of sci ence is enor mous
over last de cades, the col lab o ra tion and shar ing of know
how be tween such fa cil i ties is nec es sary in or der to keep
and de velop the state of the art tech nol o gies.

In 2014, the ARBRE-MOBIEU net work was ini ti ated,
aim ing to seed a large-scale pan-Eu ro pean in ter dis ci plin -
ary clus ter ing, al low ing to ally and synergize the power of
spec tro scopic, hy dro dy namic, real-time microfluidic, ther -
mo dy namic and sin gle-mol e cule ap proaches [1]. In its
early years, the net work was sup ported by a Eu ro pean
COST ac tion, re sult ing in in volve ment of sev eral doz ens of 
lab o ra to ries through out Eu rope. In 2021, based on the es -
tab lished con tacts and col lab o ra tions, the ini tia tive has
been turned into a sci en tific so ci ety ARBRE (As so ci a tion
of Re sources for Bio phys i cal Re search in Eu rope).

The main ob jec tives of the so ci ety are to: i) cre ate an
op ti mal en vi ron ment for the de vel op ment of in no va tive in -
te gra tive bio phys i cal ap proaches; ii) dis sem i nate knowl -
edge, e.g. through the or ga ni za tion of work shops and
train ing schools; iii) fa cil i tate the trans na tional ac cess to in -
stru men ta tion and ex per tise for a wide user com mu nity; iv)
pro vide a plat form for sci en tists to es tab lish early con tacts
with in stru ment de vel op ers. The us ers can al ready ben e fit

from sev eral out comes, such as de vel op ment of stan dards
for in ter ac tion tech niques [2], es tab lish ing of stan dard op -
er at ing pro ce dures (SOP’s) [3] or for mu lat ing rec om men -
da tions for pro tein qual ity con trol [4] and sta bil ity
as sess ment [5].

Those in ter ested in the as so ci a tion ac tiv i ties can visit
the web pages www.arbre-bio phys ics.eu for more in for ma -
tion or con tact its rep re sen ta tives di rectly.
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