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Nu mer ous stud ies have dem on strated that hu man cyto -
megalovirus (HCMV) en codes coun ter mea sures against a
spec trum of im mune re sponses [1-5]. This ar se nal of
immunomodulatory func tions is likely a re flec tion of the
nat u ral his tory of the vi rus, pro vid ing the ca pac ity to es tab -
lish life long in fec tions of the host as well as to re in fect peo -
ple with an ex ist ing in fec tion de spite the pres ence of a
sub stan tial im mune re sponse. The com plex ity of these im -
mu no log i cal in ter ac tions is be ing stud ied ex ten sively.
HCMV has de vel oped many so phis ti cated mech a nisms tar -
get ing host im mu nity and has be come a par a digm for vi ral
im mune eva sion. Suf fice it to say that HCMV-en coded
gene func tions tar get an ti gen pre sen ta tion by ma jor
histocompatibility com plex (MHC) class I and class II mol -
e cules, uti lize cytokine mim icry to ex ert paracrine func -
tions against im mune cells and en code pro teins that
an tag o nize the range of in nate im mune re sponses di rected
against the vi rus. We have been study ing sev eral of vi ral
im mune modulatory genes over the last de cade, pri mar ily
fo cus ing on those that tar get and/or in ter sect with Ig-like-
and TNF-fam ily sig nal ing [2-5]. The fact that ab lat ing a
sin gle strat egy can mark edly im pact in fec tion sug gests that
mul ti ple Achil les’ heals may be ex ploit able for an ti vi ral
agents or biotherapeutics de vel op ment. 

HCMV com men su rately uses own pro teins to re strict
NK ac ti vat ing lig ands and re cep tors on the sur face of in -
fected cells. An ex tra-or di narily ef fec tive strat egy is en -
coded by the HCMV UL141 pro tein, which in hib its
sur face ex pres sion of the NK ac ti vat ing lig ands CD155 and 

CD112 [5] and also binds death re cep tors for the TNF
apoptotic ligand TRAIL [2,4]. This pleiotropy of UL141 is
re quired for its broad and po tent in hi bi tion of NK cells, and 
a vi ral mu tant lack ing UL141 is highly sus cep ti ble to NK
kill ing, re veal ing how dis rupt ing the func tion of a sin gle
HCMV gene can tip the balance in favor of host defense.

In this work, we sought to de velop the short pep tide or
syn thetic com pound (UL141 an tag o nist) based on our re -
cent crys tal struc ture that would spe cif i cally binds vi ral
UL141 to block re cep tor bind ing thus pre vent the vi ral ac -
tion. This is rel e vant, as the UL141 is the most abun dant
HCMV pro tein on plasma mem brane and it is also a com -
po nent of the virion. Within first part, we sought to test a
small li brary of synthetized com pounds (po ten tial UL141
an tag o nists) that would block the re cep tor bind ing in vi tro,
on the cell, or virion sur face. Se ries of com pounds that
have been tested are of glycomimetics struc tures con sist ing 
of var i ous saccharide units linked with non-saccharide. In
par tic u lar; non-ionic glyco lipids, ‘click’-con ju gates or
iminosugars. The ELISA-like TMB as say has been used in
com bi na tion with dynabeadsTM coat ing to test whether the
com pound could block the TRAIL-R2 bind ing. The most
prom is ing com pounds are (14) and (22) (out of 23 tested)
that have proven the abil ity to block UL141/TRAIL-R2
com plex for ma tion. SPR ki net ics anal y sis was used to de -
ter mine the bind ing con stants (KD). The af fin i ties to

UL141 were de ter mined to 24 mM and 29 mM for com -
pound 14 and 22, re spec tively. More over, both com pounds 
were docked to UL141 struc ture to re veal spe cific bind ing

Fig ure 1. ELISA-like TMB as say (A), where dynabeads are coated by HCMV UL141, has re vealed seven com pounds that blocks
TRAIL-R2 re cep tor bind ing (OD450 <2.0) (yel low and cyan squares). SPR bind ing as say re vealed two com pounds (14) and (22) that
bind HCMV UL141 with higher af fin ity. Both com pounds (in cyan sticks) were docked to HCMV UL141 struc ture to re veal spe cific
bind ing site (B), while TRAIL-R2 re cep tor is also shown (in grey surface).
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sites. The suc cess ful com pounds will be fur ther op ti mized
by us ing in silico meth ods to tar get par tic u lar epitope on vi -
ral glycoprotein UL141 de rived from our struc tural anal y -
sis.
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Agregácia prirodzene neusporiadaných proteínov súvisí s
patogenézou mnohých neurodegeneratívnych, èi nádo ro -
vých ochorení. Neusporiadaným proteínom chýba stabilná
trojrozmerná štruktúra, vïaka èomu majú celý rad
interakèných partnerov a dokážu ovplyvòova• množstvo
procesov. Okrem toho èastokrát dochádza k interakciám
medzi molekulami samotného proteínu a vznikajú neroz -
pustné proteínové agregáty, vedúce k zápalu alebo až k
poškodeniu buniek. Neurofibrilárne klbká sú koneèným
produktom agregácie neuronálneho proteínu tau a sú
charakteristickým znakom Alzheimerovej choroby [1] a
iných tauopátií. Proteín tau je viazaný na mikrotubuly, z
ktorých v dôsledku rôznych posttranslaèných úprav diso -
ciuje, èím sa zrých¾uje jeho premena z plne rozpust ného
monoméru na nerozpustné vlákna. V rámci primárnej
štruktúry najdlhšej ¾udskej izoformy tau1-441 sa vyznaèujú
oblasti, ktoré sprostredkúvajú väzbu na mikrotubuly – tzv.
MTBR, pozostávajúce zo štyroch repetitívnych domén R1
- R4. Zistilo sa, že práve v tejto èasti sa nachádzajú aj
hexapeptidové oblasti tau zodpo vedné za zvýšený obsah

b-štruktúr, ako charakteristickej èrty amyloidovej
agregácie (konkrétne 306VQIVYK311 z R3 domény a
275VQIINK280v rámci R2) [2]. 

Medzi najèastejšie posttranslaèné modifikácie tau pat -
ria hyperfosforylácia a skrátenie proteínu z oboch koncov.
Ukázalo sa, že terminálne oblasti tau dokážu vytvára•
prechod nú štruktúru, tzv. štruktúru papierovej spinky [3],
resp. štruktúru v tvare písmena S [4], èím blokujú agre -
gaèné oblasti tau a s•ažujú tak interakciu molekúl proteínu. 
Skrátením proteínu je znemožnený vznik spomínanej
protektívnej štruktúry a monoméry tau sa ochotne spájajú
za vzniku dimérov, oligomérov až párových helikálnych
vlákien a neurofibrilárnych klbiek. Preto sa inhibítor
agregácie patologických foriem tau považuje za s¾ubný
terapeutický cie¾, avšak návrh takéhoto inhibítora je stále
obmedzený z dôvodu chýbajúcich informácií o štruktúre
tau. 

Na získanie prechodných konformácií tau využívame
kryštalizáciu skrátených proteínov tau s Fab fragmentami
monoklonálnych protilátok, ktoré ho dokážu zastabi lizo -
va• v jednej konformácii [5]. Komplexy tau321-391:DC11
Fab boli inkubované 1 hod v molárnom pomere 1,5:1.
Kryštalizácia prebiehala metódou sediacej kvapky, pri 295
K v 96-jamkových kryštalizaèných platnièkách [6]. Zber
difrakèných údajov bol uskutoènený na synchrotróne
PETRA III, DESY, Ham burg v Nemecku a predbežné
difrakèné údaje boli spracované v programe XDS [5].
Kryštály samostatnej Fab domény protilátky difraktovali v
rozsahu až 1,4 C , zatia¾ èo komplexy difraktovali až po
1,74 C (Obr. 1). Na riešenie štruktúr plánujeme využi•

Obr. 1. Kryštály samostatnej DC11 Fab (B) a domne lé -
ho komplexu DC11 Fab s tau321-391 (A) s príslušnými difrakènými
obraz cami a,b.
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metódu molekulovej náhrady a získané štruktúry budú
ïalej využité v simuláciách molekulovej dynamiky a mole -
ku lovom dokovaní.

Paralelne skúmame konformaèný priestor proteínu tau
využitím simulácií molekulovej dynamiky. Atomistické
simulácie dynamiky krátkeho peptidu tau345-358 boli usku -
toè nené v explicitnom rozpúš•adle v balíèku progra mov
Gromacs 2021.3 za využitia silového po¾a des-Am ber.
Výsledné konformácie proteínu tau boli využité na
dokovanie do paratopu monoklonálnej protilátky DC25 [7] 
(Obr. 2). Sledovaný bol vplyv fosforylovácie na štruktúru
tau a interakciu tau s protilátkou. Okrem toho boli
uskutoènené aj simulácie najdlhšieho tau1-441 a tau321-391 za

využitia silového po¾a SIRAH [8]. Získané prechodné
štruktúry tau získané röntgenovou kryštalografiou, èi
pomocou in silico metód budú v budúcnosti využité na
uskutoènenie virtuálneho skríningu s cie¾om identifikácie
potenciálneho inhibítora agregácie tau.
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The pres ent in-silico study is fo cused on trehalose
synthases (TreS), en zymes con vert ing malt ose to trehalose
and vice versa [1], which (at least some of them) may be
part of the four-step met a bolic path way of gly co gen for ma -

tion from trehalose. They are clas si fied in the Car bo hy -
drate-Ac tive en Zymes Da ta base (CAZy;
http://www.cazy.org) [2] in the fam ily of glycoside

hy dro las es GH13, known as the main a-am y lase fam ily
[3,4]. Fam ily GH13 cov er ing more than 30 dif fer ent
specificities [5] have been di vided into 44 of fi cial
subfamilies [6] and trehalose synthases be long to
subfamily GH13_16. Typ i cally, they con sist of the
three-do main fam ily GH13 ca non i cal ar range ment with a
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-bar rel do main A, do main B (mostly of ir -

reg u lar struc ture) pro trud ing out of the bar rel in the place
of the loop 3 and do main C (a 7-stranded antiparallel

b-sand wich) at the C-ter mi nus [4]. In some GH13_16 en -
zymes, how ever, the do main C is suc ceeded by a C-ter mi -
nal ex ten sion which in many cases ex hib its clear se quence
fea tures of a maltokinase (MaK) [7,8]. True MaKs are sin -
gle-do main en zymes that cat a lyze ATP-de pend ent
phosphorylation of malt ose at po si tion 1 [8].

One of our goals was anal y sis of GH13_16 en zymes for 
the pres ence of maltokinase do main. Hence of to tal 5,933
GH13_16 mem bers avail able (Oc to ber 14, 2021), a set of
3,325 unique se quences with a stan dard TreS do main was
re trieved. These were sub se quently di vided into two main
groups: (i) 1,425 fused TreS-MaKs with a long C-ter mi nal
ex ten sion (at least 400 res i dues) where the full-length MaK 
do main was de tected; and (ii) 1,900 sim ple TreSs with a

Obr. 2. Výsledné komplexy protilátky DC25 s peptidom
tau345-356 s fosforylovaným alebo nefosforylovaným SER356
získané pomocou HADDOCK serveru.  (Modrý, new car toon –
fosfopeptid; èervený, new car toon – nefosforylovaný peptid tau).

http://www.cazy.org
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stan dard TreS do mains fol lowed by a short C-ter mi nal ex -
ten sion (< 110 res i dues) where no ad di tional do main was
found. 

The se quences of MaK do mains of fused TreS-MaKs
and 17 char ac ter ized true MaKs (i.e. those with out a
GH13_16 TreS) were aligned, con served se quence re gions 
were iden ti fied and mem bers with iden ti cal CSRs were ex -
cluded. Sim i larly, also sim ple TreSs were aligned and
those with iden ti cal CSRs (seven CSRs typ i cal for GH13
fam ily) were ex cluded. As a re sult, 604 fused TreS-MaKs
and 597 sim ple TreSs were se lected for fur ther study. De -
tailed anal y sis re vealed that only 467 MaK do mains from
604 fused TreS-MaKs may rep re sent stan dard MaKs with
con served cat a lytic ma chin ery. In con trary, mu ta tions in
res i dues di rectly bind ing malt ose or in cat a lytic aspartates
were found in 79 and 58 MaK do mains, re spec tively. Their
proper cat a lytic func tion as maltokinases is thus ques tion -
able which opens up spec u la tions about their pos si ble new
role. The group of 597 sim ple TreSs was used to pre pare a
logo based on CSRs, and as a con trol set in the aim to find
pos si ble dif fer ences be tween TreS do mains of sim ple TreS
and fused TreS-MaK en zymes. Anal y sis of the link ers con -
nect ing the TreS and MaK do mains re vealed the un usual
high con tent of ar o matic res i dues, tryptophans and
phenylalanines, in com par i son with C-ter mi nal parts of
sim ple TreS en zymes. The ter tiary struc ture of any fused
TreS-Mak is cur rently un known, there fore the struc tures
mod eled by Alphafold [9] and avail able in UniProt da ta -
base [10] were an a lyzed with a spe cial fo cus on the parts
con nect ing the two do mains. The re sults sup port the hy -
poth e sis that part of the linker ac tu ally be longs to the MaK
do main. Thus, the Mak do mains of TreS-MaK fused en -
zymes are larger than those of true MaKs. 

Since the pre sented work de liv ers a de tailed
bioinformatics anal y sis of fused TreS-MaK en zymes for
the first time, it might help in their quick iden ti fi ca tion and
con trib ute to better char ac ter iza tion of both TreSs and
MaKs, and thus help in the study of the role of
MaK/MaK-like do mains in the subfamily GH13_16 en -
zymes.
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