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THE STRUCTURAL BASIS OF MOLECULAR FUNCTION: EXPERIMENTAL STUDIES
IN DISEASE, REGULATION, AND CATALYSIS
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This study in ves ti gates the struc tural ba sis of pro tein func -
tion across di verse bi o log i cal sys tems, with a fo cus on how
atomic-level ar chi tec ture gov erns reg u la tion, ca tal y sis, and 
dis ease mech a nisms. Com bin ing X-ray crys tal log ra phy
with bio chem i cal and com pu ta tional ap proaches, it in te -
grates struc tural and func tional data to elu ci date the mo lec -
u lar de ter mi nants of pro tein ac tiv ity.

The lec ture is or ga nized around three main themes.
First, it pres ents a struc tural-func tional anal y sis of
germline missense vari ants in the Ras–MAPK sig nal ing
path way as so ci ated with neurodevelopmental dis or ders,
show ing that these vari ants in duce sub tle, mech a nis ti cally
dis tinct ef fects com pared to oncogenic mu ta tions. Sec ond,

it ex am ines en zymes of the a/b-hydrolase fold, in clud ing

haloacid dehalogenase phosphatases and haloalkane
dehalogenases, re veal ing how ac tive-site ar chi tec ture and
ac cess tun nel dynamics shape sub strate spec i fic ity and cat -
a lytic ef fi ciency. Third, it char ac ter izes par a site-de rived
pro te ase in hib i tors from the serpin and cystatin fam i lies,
un cov er ing unique struc tural ad ap ta tions.

Over all, it high lights the im por tance of in te gra tive
struc tural bi ol ogy in link ing mo lec u lar struc ture to bi o log i -
cal func tion.

This study was sup ported by the Grant Agency of the Czech 
Re pub lic No. 23-07810S, the Grant Agency of the Uni ver -
sity of South Bo he mia No. 04-106/2021/P, No.
04-046/2022/P, No. 04-077/2025/P, and EMBO In stal la -
tion grant No. 5310.
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Enteroviruses (EV), in clud ing EV-A71, CV-B3,
poliovirus, and EV-D68, are sig nif i cant hu man patho gens
as so ci ated with neu ro log i cal and re spi ra tory dis ease, in -
clud ing acute flac cid my eli tis and se vere re spi ra tory ill ness 
[1-3]. De spite their clin i cal im pact, tar geted an ti vi ral ther a -
pies re main lack ing [1]. 

The nonstructural pro tein 2C is con sid ered a high-pri -
or ity an ti vi ral tar get be cause it is highly con served across
enteroviruses and is func tion ally es sen tial [1, 4]. As a
superfamily 3 helicase and AAA+ ATPase, 2C con trib utes
to RNA re mod el ing, vi ral RNA syn the sis, rep li ca tion
organelle for ma tion, mem brane re ar range ment, ge nome
rep li ca tion, and encapsidation [5-7]. Mutational anal y ses
show that dis rupt ing 2C func tion se verely im pairs vi ral
RNA rep li ca tion and virion pro duc tion [5].

De spite its at trac tive ness as a tar get, con ven tional in hi -
bi tion of 2C is chal leng ing be cause the pro tein forms dy -

namic oligomeric as sem blies and is of ten in hib ited through 
allosteric pock ets rather than the cat a lytic site [6, 8]. Ex ist -
ing in hib i tors, in clud ing fluoxetine and dibucaine, act
allosterically by sta bi liz ing an in ac tive hexameric state [8,
9]. Emerg ing com pounds such as 12b and SJW-2C-227
tar get con served 2C pock ets and show prom is ing
broad-spec trum an ti vi ral ac tiv ity. No ta bly, re sis tance mu -
ta tions of ten re duce vi ral fit ness, high light ing the evo lu -
tion ary con straints on 2C func tion [10].

To over come the lim i ta tions of clas si cal in hi bi tion, we
pro pose a tar geted pro tein deg ra da tion strat egy based on
pro te ol y sis-tar get ing chi me ras (PROTACs) that re cruit the
cereblon E3 ubiquitin ligase to in duce deg ra da tion of 2C.
This is a ra tio nale rather than a pub lished 2C-spe cific re -
sult, but the broader an ti vi ral con cept is sup ported by
CRBN-re cruit ing de grad ers that elim i nate vi ral pro teins
and can re duce sus cep ti bil ity to re sis tance mu ta tions. This
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ap proach could, in prin ci ple, en able com plete re moval of
the tar get pro tein and may re duce re sis tance de vel op ment.

Struc ture-guided de sign is sup ported by X-ray crys tal -
log ra phy and cryo-EM stud ies that de fine ligandable sites
and oligomeric as sem blies of 2C [8].

This work es tab lishes a plat form for de grader-based
antivirals tar get ing con served vi ral pro teins, with po ten tial
broad-spec trum ap pli ca bil ity against enteroviruses.
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In ter feron gamma (IFNg) is an im por tant mol e cule for the
im mune sys tem of ver te brates. The Pro tein Data Bank con -
tains struc tures of IFNg from nu mer ous spe cies. We crys -
tal lized and col lected the dif frac tion im ages of IFNg from
the ol ive floun der - Paralichthys olivaceus. The raw dif -
frac tion im ages of na tive and Selenoure soak of PoIFNg
have been de pos ited in the Zenodo pub lic re pos i tory (na -
tive – https://doi.org/10.5281/zenodo.3369717,
 Selenourea soak –
 https://doi.org/10.5281/zenodo.19218271). Ini tially, we
es ti mated the dif frac tion limit at 2.3 C. We solved the
phase prob lem us ing the sin gle-wave length anom a lous dis -
per sion method and de pos ited the struc ture to the PDB un -
der the ac ces sion code 6F1E [1].

The manu script and data is great for teach ing mul ti ple
stages of struc ture de ter mi na tion in clud ing the prac ti cal ap -
proaches. First of all, the Ma te ri als and Meth ods con tains a

pro to col for pro duc tion of crys tals for ex per i men tal phas -
ing. In ad di tion, the dif frac tion im ages are avail able for re -
pro duc tion of data re duc tion and fur ther anal y sis. The
dif frac tion ani so tropy can be treated us ing mod ern ap -
proaches and re sult in better data. The struc ture of PoIFNg
is dif fer ent from the pre dicted mod els or from mod els of
ho mol o gous pro teins known by the year of its pub li ca tion
(2018). The ex per i men tal phases may serve for both phase
prob lem so lu tion and fi nal model val i da tion. The dataset is
al ready used in tu to rial for teach ing stan dard paired re fine -
ment. Even paired re fine ment con sid er ing dif frac tion ani -
so tropy can be ap plied, al though this pro cess has not been
im ple mented to any com pu ta tional crys tal lo graphic pipe -
line, yet.
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