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Haloalkane dehalogenases (HLDs) are a fam ily of a/b-
 hydrolase fold en zymes that em ploy SN2 nucleophilic sub -
sti tu tion to cleave the car bon-halo gen bond in di verse
chem i cal struc tures, the bi o log i cal role of which is still
poorly un der stood. Their most im por tant bio tech no log i cal
ap pli ca tions in clude (i) biodegradation of pol lut ants such
as 1,2-dichloroethane or 1,2,3-trichloropropane, (ii) de -
con tam i na tion of the war fare agent yperite, (iii) pol lut ant
biosensing and (iv) HaloTag cell im ag ing [1, 2]. Atomic-
 level knowl edge of both the in ner or gani sa tion and supra -
mo lecu lar complexation of HLDs is thus cru cial to un der -
stand their cat a lytic and non-cat a lytic func tions.

Re cently, da ta base min ing searches iden ti fied a new
haloalkane dehalogenase, DmmarA, en coded in the ge -
nome of a waterborne patho genic bac te rium My co bac te -

rium marinum M. In our work, crys tal lo graphic struc tures
of this (S)-enantioselective en zyme were de ter mined at 1.6
and 1.85 C res o lu tion. The struc tures show a ca non i cal

aba-sand wich HLD fold with sev eral un usual struc tural
fea tures. Mech a nis ti cally, the atyp i cal com po si tion of the
pro ton-re lay cat a lytic triad (aspartate-histidine-aspartate)
and un com mon ac tive-site pocket re veal the mo lec u lar
specificities of cat a lytic ap pa ra tus that ex hib its a rare
(S)-enantiopreference of this en zyme fam ily. Ad di tion ally,
the struc tures re veal a pre vi ously un ob served mode of
homodimerization, which is pre dom i nantly me di ated
through unique L5-to-L5 loop in ter ac tions. This homo -
dimeric as so ci a tion in so lu tion is con firmed ex per i men -
tally by data ob tained from small-an gle X-ray scat ter ing.

Fig ure C.
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Uti liz ing the newly de ter mined struc tures of DmmarA,
mo lec u lar mod el ling tech niques were em ployed to elu ci -
date the un der ly ing mech a nism be hind its atyp i cal
enantioselectivity. The (S)-pref er ence can be at trib uted to
the pres ence of a dis tinct bind ing pocket and vari ance in the 
ac ti va tion bar rier for nucleophilic sub sti tu tion. Our find -
ings thus high light key mo lec u lar fea tures dis tin guish ing
the DmmarA en zyme from other HLD fam ily mem bers.
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NKp30 is an ac ti vat ing re cep tor on the sur face of hu man
nat u ral killer (NK) cells. B7-H6 is an ac ti vat ing ligand ex -
pressed by var i ous tu mor cells. The crys tal struc ture of the
com plex, with NKp30 pro tein from bac te rial pro duc tion
and B7-H6 pro tein from baculovirus-in fected in sect cells,
was pub lished by Li et al. [1], PDB code 3PV6.

We have solved a new crys tal struc ture of NKp30:
B7-H6, in which both com po nents come from eukaryotic
cell lines (HEK293S GnTI- cells). NKp30 was used with
com plete glycosylation, while B7-H6 was deglycosylated
af ter the first GlcNAc for better crys tal li za tion. The struc -
ture has been de pos ited in the Pro tein Data Bank un der
code 6YJP and pub lished [2]. The struc ture con firmed the
NKp30:B7-H6 in ter ac tion in ter face, as ob served by Li et
al. How ever, we ob served dimers of NKp30, which are
likely bi o log i cally rel e vant and dif fer ent from dimers de -
scribed pre vi ously in [3], PDB code 3NOI. The newly ob -
served dimer of NKp30 is placed among two B7-H6
mol e cules in the crys tal struc ture. This ar range ment may
in di cate the pos si bil ity of bind ing of the NKp30 dimer be -
tween two B7-H6 lig ands even dur ing the con tact of the
NK cell and the tu mor cell. 

In this talk, I will fo cus on is sues con nected with the so -
lu tion and re fine ment of the crys tal struc ture. The data
were pro cessed to res o lu tion 3.1 C; how ever, they were
anisotropic and had res o lu tion only 4.4 C in the weak est di -
rec tion. The crys tals lost dif frac tion dur ing data col lec tion,
and data from sev eral crys tals were nec es sary to merge.
Both pro teins have the same im mu no glob u lin-like fold, so

it was un easy to place the mol e cules into the unit cell cor -
rectly. Re fine ment was per formed us ing LORESTR
(REFMAC pipe line for low-res o lu tion struc tures). Elec -
tron den sity in di cated pres ence of an ad di tional very flex i -
ble pro tein chain; this chain was not in cluded in the fi nal
de pos ited co or di nates. 
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Nat u ral killer (NK) cells, a sub set of effector lym pho cytes,
are an es sen tial com po nent of non-spe cific im mu nity,
whose pri mary func tion is to re cog nise and spon ta ne ously
de stroy dam aged, in fected, or ma lig nant cells. The cyto -
toxicity of NK cells is reg u lated by their sur face re cep tors
through which they ex am ine lig ands on tar get cells. Some
re cep tors en hance cytotoxicity (ac ti vat ing re cep tors),
while oth ers sup press it (in hib i tory re cep tors). Which of
the sig nals pre vails then de ter mines the ac tion of the NK
cell. NK cell cytotoxicity is fur ther mod u lated by var i ous
other stim uli, such as cytokines, and it is ex e cuted upon di -
rect cell-to-cell con tact with the tar get cell by a deathly
cock tail of en zymes re leased from lytic gran ules into the
im mune syn apse. Thus, NK cells prom ise great ther a peu tic
po ten tial, which is cur rently be ing ex plored us ing var i ous
pro tein immunotherapeutics and ge net i cally en gi neered
CAR NK cells [1].

Over the last fif teen years, we have con trib uted to the
struc tural de scrip tion of var i ous ac ti vat ing and in hib i tory
NK cell re cep tors of mouse, rat, and man, as well as of their 
cog nate pro tein lig ands and their mu tual com plexes. Us ing
a com bi na tion of pro tein X-ray crys tal log ra phy, small-an -
gle X-ray scat ter ing, and in-so lu tion bio phys i cal meth ods
uti liz ing in di vid ual sol u ble re com bi nant pro teins, with sin -
gle-cell lo cal iza tion mi cros copy tech niques ob serv ing the
pro teins ex pressed on the cell sur face, we have be come un -
rav el ling the al most su per nat u ral na ture of NK cell ligand
rec og ni tion where the usu ally rather low af fin ity of sin gle
re cep tor-ligand in ter ac tion is over come by their oligo -
merization and/or cross-link ing/clus ter ing within the im -

mune syn apse, thereby de ploy ing avid ity in stead of af fin ity 
[2-4].
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Methyltransferases (MTases) as so ci ated with corona -
viruses, such as nsp10/16 and nsp14, are re spon si ble for
the fi nal stages of RNA-cap for ma tion within the cy to -
plasm. This cap is cru cial for main tain ing the sta bil ity of vi -
ral RNA and plays a piv otal role in evad ing the in nate
im mune re sponse. Un capped RNA is swiftly de tected by
the in nate im mune sys tem, trig ger ing deg ra da tion and ac ti -
vat ing an ti vi ral de fenses. Con se quently, the coronaviral
MTases have be come fo cal points of ex ten sive sci en tific
in ves ti ga tion. Re cently, through the use of X-ray and
cryo-elec tron mi cros copy tech niques, the struc tures of
both en zymes have been elu ci dated, even in com plex with
other com po nents of the vi ral rep li ca tion ma chin ery. The
ap pli ca tion of high-through put screen ing meth ods and the

de sign of in hib i tors guided by struc tural in sights have re -
sulted in the iden ti fi ca tion of po tent in hib i tors tar get ing
these MTases. This talk crit i cally ex am ines the re mark able
prog ress made in the field of coronaviral MTases since the
on set of the COVID-19 pan demic. Ad di tion ally, it is worth
not ing that sim i lar in ves ti ga tions into poxviruses’ MTases
have also con trib uted sig nif i cantly to our un der stand ing of
vi ral rep li ca tion and im mune eva sion strategies.

This re search was funded by the pro ject the Na tional In sti -
tute Vi rol ogy and Bac te ri ol ogy (Programme EXCELES,
Pro ject No. LX22NPO5103) - Funded by the Eu ro pean
Un ion - Next Gen er a tion EUand the Grant Agency of
Charles Uni ver sity (Grant No. 408422).
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MODERN LEICA OPTICAL MICROSCOPY – PRODUCT AND APPLICATION VIEW
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The pre sen ta tion ex plores the transformative role of
Leica’s op ti cal mi cros copy in var i ous fields, from Live
Cell Im ag ing to Clin i cal and An a tomic Pa thol ogy. Delve
into the ap pli ca tions of Leica prod ucts in Neu ro sci ence,
Organoids, 3D Cell Cul ture, Vi rol ogy, Can cer Re search,
and be yond. High light ing Cor re la tive Light & Elec tron

Mi cros copy, along with Ad vanced Tech niques like
Cryo-Elec tron To mog ra phy, FLIM, Photomanipulation,
Super-Res o lu tion, and STED, this ses sion show cases how
Leica is shap ing the fu ture of op ti cal mi cros copy for en -
hanced sci en tific dis cov ery and di ag nos tic pre ci sion.
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