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Car bonic anhydrase IX (CA IX) be longs to a group of 15
isoforms of the hu man car bonic anhydrase en zymes. Typ -
i cally lo cal ized on the cell sur face, CA IX is pri mar ily
found in spe cific tis sues within the gas tro in tes ti nal tract.
Its ex pres sion is in duced in re sponse to lo cal hypoxia, aid -
ing in the reg u la tion of pH lev els to ac com mo date the
met a bolic pro duc tion of acidic by-prod ucts, thereby pro -
mot ing can cer cell sur vival and pro lif er a tion. The
overexpression of CA IX in solid tu mors, cou pled with its
extracellular pres ence, sug gests its po ten tial util ity in can -
cer di ag no sis and ther apy.

Pri mar ily, most of CA IX in hib i tors fea ture sul -
phur-based func tional group that co or di nates the Zn2+ ion
in the ac tive site. Al though overexpression of CA IX is pre -
dom i nantly as so ci ated with tu mor tis sues, other isoforms
are pres ent in nor mal tis sues that con trib ut ing crit i cal phys -
i o log i cal pro cesses. The high se quence sim i lar ity and
struc tural homology among CA isoform fam ily causes
off-tar get in hi bi tion lead ing to un in tended side ef fects.
This un der scores the need for de vel op ing highly se lec tive
in hib i tors that min i mize off-tar get ef fects. The pro ject aims 
to ad dress these chal lenges by de sign ing novel func tional
group to en hance both the af fin ity and se lec tiv ity of CA IX
in hib i tors. 

The ac tive site of CA is sit u ated within the cen tral

b-sheet, where the zinc-bind ing core serves as a key junc -
tion for the pro poses in hib i tors, which are de signed with a

scaf fold ca pa ble of at tach ing en zyme moi eties. This scaf -
fold com prises a sulfonimine bind ing group for metal ion
in ter ac tion, a func tional group for in ter ac tion with the hy -
dro pho bic re gions, and ad di tional heteroaromatic moi eties
to im prove af fin ity. Struc tural op ti mi sa tion of these in hib i -
tors has been con ducted by un der stand ing how they are fit -
ting within the en zyme’s ac tive site, in or der en hanc ing
their af fin ity for tu mor-spe cific CA IX while re strict ing in -
ter ac tions with other CA isoforms. Ad di tion ally, some po -
tent chelators have been se lected for theranostics
ap pli ca tions, en sur ing they do not com pro mise the bind ing
ca pac ity of in hib i tors.

Re com bi nant CA IX is pro duced and ex pressed in
Esch e richia coli BL21, fol lowed by pu ri fi ca tion via sev -
eral chro mato graphic steps to en sure high pro tein pu rity.
The pu ri fied CA and a se ries of in hib i tors are as sessed for
af fin ity us ing the stopped-flow method to screen a li brary
of in hib i tors. To better un der stand the bind ing modes be -
tween se lec tive in hib i tors and the en zyme, X-ray crys tal -
log ra phy is em ployed to achieve high-res o lu tion struc tures
of the com pounds. The ob tained struc tural in for ma tion will 
guide the mod i fi ca tion and op ti mi sa tion the an chored and
sticky groups in de sign the se lec tive in hib i tors. This ap -
proach aims to max i mize af fin ity for tu mor-spe cific CA IX
while minimizing interactions with other carbonic
anhydrase isoforms.
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School gar dens are among the most fre quently used spaces
for out door ed u ca tion, as they pro vide am ple space for ex -
per i men ta tion in prox im ity to ed u ca tional in sti tu tions [1].
By teach ing in gar den ar eas, we are con tin u ing the prin ci -
ples of Jan Amos Komenský and the tra di tion of out door
teach ing from the time of Maria Theresa [2]. When teach -
ing in na ture, stu dents’ knowl edge is linked to prac ti cal
use, pro-en vi ron men tal at ti tudes are formed, cre ativ ity is

de vel oped, and co op er a tion, per se ver ance, and re spon si -
bil ity are trained [3]. 

School gar dens are also an es sen tial place for learn ing
about plant eco sys tem ser vices. Bi ol ogy teach ers and stu -
dents can use mod ern mea sur ing tech nol ogy, such as ther -
mal im ag ing cam eras, IR ther mom e ters, CO2 me ters, etc.,
dur ing gar den-based ex per i ments to learn about the phys i -
o log i cal pro cesses through which plants in flu ence the hu -
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man en vi ron ment and con trib ute sig nif i cantly to mit i gat ing 
the ef fects of global cli mate change. Field teach ing ac tiv i -
ties are part of STEM ed u ca tion. Through their knowl edge
of plant teach ers and their stu dents be come aware of the
im por tance of plants. Teach ing in school gar dens is thus
be com ing a rec og nized way of com bat ing the phe nom e non 
of “plant blind ness,” [4].

In the school’s gar den, we can also ob serve non-liv ing
na ture. An ideal topic for ex plor ing the com plex con nec -
tions be tween life and earth sci ences is the evo lu tion of
land use and land cover. Shifts in veg e ta tion, land cover,
and land use—driven by vari a tions in cli mate, bed rock
com po si tion, and, above all, hu man ac tiv ity—are of ten
clearly vis i ble also in the vi cin ity of schools. Teach ing in
gar den ar eas (with us ing of ap pro pri ate meth ods and tools,
e. g. maps or ae rial pho to graphs) is a way of in cor po rat ing
the de scribed topic into reg u lar les sons and to pro vide the
in te grated teach ing also in the out door en vi ron ment.

Gar dens at schools and other ac a demic in sti tu tions also
play an es sen tial role in ed u ca tion, as they serve as valu able 
sites for re search ac tiv i ties con ducted by sci en tists and stu -
dents. Such gar dens pro vide a space where re search ques -
tions can be ex plored in the con text of stu dent pro jects and
di ploma the sis and dis ser ta tion. More over, they of ten en -
com pass a broad range of biotopes and hab i tats, thereby of -
fer ing op por tu ni ties to ad dress a wide spec trum of
zoo log i cal and eco log i cal re search top ics (e.g., 1) small
wa ter res er voirs em bed ded in the soil serve as mesocosms
for the study of aquatic com mu ni ties[5][6]; 2) a source of
or gan isms for re search into in sect dis persal abil i -
ties[7][8](; 3) a re search site for study ing cold tol er ance
and microhabitats of overwintering of in sects[9][10]. 

Other type of re search is cur rently un der way fo cus ing
on de ter min ing bioactive sub stances in cul ti vated crops,
par tic u larly in var i ous va ri et ies of com mon veg e ta bles and
se lected me dic i nal plants. The bioactive sub stances be ing
de ter mined mainly in clude the con tent of to tal phe no lic
com pounds, vi ta min C, chloro phylls, and ca rot en oids in
plant parts in tended for con sump tion. Ed ible are grown in
the gar den, and the dom i nant flavonoids - quercetin,
kaempferol, and myricetin - are also de ter mined [11]. The
re search also fo cuses on the cul ti va tion of non-tra di tional
veg e ta bles and their ben e fits for hu man health. 

1. Ryplová, R., Chmelová, Š.  & Vácha, Z. (2019).
Školní zahrady ve výuce. Epika .

2. Morkes, F. (2010). Z historie školních zahrad. Envigogika
5(2). Dostupné z:
http://www.envigogika.cuni.cz/envigogika-2010-v-2/z-hist
orie-skolnich-zahrad_cs. 

3. Corbacho-Cuello, I., & Muñoz-Losa, A. (2025). In te -
grat ing School Gar dens into Teacher Ed u ca tion: En -
hanc ing Fu ture Ed u ca tors’ Knowl edge and
Con fi dence Through Prac ti cal Train ing. Jour nal of
Sci ence Teacher Ed u ca tion, 36(6), 758–780.
Dostupné z:
https://doi.org/10.1080/1046560X.2025.2451477

4. Wandersee, J.H, & Schussler, E.E. (1999). Pre vent ing plant 
blind ness. The Amer i can Bi ol ogy Teacher, 61(2), 84-86.
http://doi.org/10.2307/4450624

5. Soukup, P. (2022). Role of hab i tat com plex ity and pre da -
tion in the struc tur ing of aquatic com mu ni ties. Doc toral
the sis; Fac ulty of Sci ence, Uni ver sity of South Bo he mia in
Èeské Budìjovice.

6. Soukup, P. R., Näslund, J., Höjesjö, J., & Boukal, D. S.
(2022). From in di vid u als to com mu ni ties: Hab i tat com -
plex ity af fects all lev els of or ga ni za tion in aquatic en vi ron -
ments. Wiley In ter dis ci plin ary Re views: Wa ter, 9(1),

e1575. https://doi.org/10.1002/wat2.1575

7. Ditrich, T. (2021). Dis persal and Mi gra tion Pat terns of
Fresh wa ter Semiaquatic Bugs. In sects, 12(11), 976.

8. Ditrich, T., & Papáèek, M. (2009). Cor re lated traits for dis -
persal pat tern: Ter res trial move ment of the wa ter cricket
Velia caprai (Heteroptera: Gerromorpha: Veliidae). Eu ro -
pean Jour nal of En to mol ogy, 106(4), 551.

9. Kalát, M. (2025). Overwintering of se lected sol dier flies
(Diptera: Stratiomyidae) [in Czech, Eng lish ab stract]. Mas -
ter the sis. Fac ulty of Ed u ca tion, Uni ver sity of South Bo he -
mia in Èeské Budìjovice.

10. Rozsypal, J. (2024). Bask ing im proves but win ter warm ing
wors ens overwinter sur vival in the lin den bug. Jour nal of
In sect Phys i ol ogy, 156, 104655.

11.  Chmelová, Š., Dadáková E. & Stejskalová, Z. (2024). Jedlé 
kvìty – zajímavý zdroj biologicky aktivních látek. Výživa
a potraviny 2024 (3), 2-7.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 31,  no. 2a (2025)       s19

https://doi.org/10.1080/1046560X.2025.2451477
https://doi.org/10.1002/wat2.1575

