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Numerous studies have demonstrated that human cyto-
megalovirus (HCMV) encodes countermeasures against a
spectrum of immune responses [1-5]. This arsenal of
immunomodulatory functions is likely a reflection of the
natural history of the virus, providing the capacity to estab-
lish lifelong infections of the host as well as to reinfect peo-
ple with an existing infection despite the presence of a
substantial immune response. The complexity of these im-
munological interactions is being studied extensively.
HCMYV has developed many sophisticated mechanisms tar-
geting host immunity and has become a paradigm for viral
immune evasion. Suffice it to say that HCMV-encoded
gene functions target antigen presentation by major
histocompatibility complex (MHC) class I and class I mol-
ecules, utilize cytokine mimicry to exert paracrine func-
tions against immune cells and encode proteins that
antagonize the range of innate immune responses directed
against the virus. We have been studying several of viral
immune modulatory genes over the last decade, primarily
focusing on those that target and/or intersect with Ig-like-
and TNF-family signaling [2-5]. The fact that ablating a
single strategy can markedly impact infection suggests that
multiple Achilles’ heals may be exploitable for antiviral
agents or biotherapeutics development.

HCMV commensurately uses own proteins to restrict
NK activating ligands and receptors on the surface of in-
fected cells. An extra-ordinarily effective strategy is en-
coded by the HCMV ULI141 protein, which inhibits
surface expression of the NK activating ligands CD155 and
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CD112 [5] and also binds death receptors for the TNF
apoptotic ligand TRAIL [2,4]. This pleiotropy of UL141 is
required for its broad and potent inhibition of NK cells, and
a viral mutant lacking UL141 is highly susceptible to NK
killing, revealing how disrupting the function of a single
HCMV gene can tip the balance in favor of host defense.
In this work, we sought to develop the short peptide or
synthetic compound (UL141 antagonist) based on our re-
cent crystal structure that would specifically binds viral
UL141 to block receptor binding thus prevent the viral ac-
tion. This is relevant, as the UL141 is the most abundant
HCMYV protein on plasma membrane and it is also a com-
ponent of the virion. Within first part, we sought to test a
small library of synthetized compounds (potential UL141
antagonists) that would block the receptor binding in vitro,
on the cell, or virion surface. Series of compounds that
have been tested are of glycomimetics structures consisting
of various saccharide units linked with non-saccharide. In
particular; non-ionic glycolipids, ‘click’-conjugates or
iminosugars. The ELISA-like TMB assay has been used in
combination with dynabeads™ coating to test whether the
compound could block the TRAIL-R2 binding. The most
promising compounds are (14) and (22) (out of 23 tested)
that have proven the ability to block UL141/TRAIL-R2
complex formation. SPR kinetics analysis was used to de-
termine the binding constants (Kp). The affinities to
UL141 were determined to 24 pM and 29 uM for com-
pound 14 and 22, respectively. Moreover, both compounds
were docked to UL141 structure to reveal specific binding

Figure 1. ELISA-like TMB assay (A), where dynabeads are coated by HCMV UL141, has revealed seven compounds that blocks
TRAIL-R2 receptor binding (OD450 <2.0) (yellow and cyan squares). SPR binding assay revealed two compounds (14) and (22) that
bind HCMV UL141 with higher affinity. Both compounds (in cyan sticks) were docked to HCMV UL141 structure to reveal specific
binding site (B), while TRAIL-R2 receptor is also shown (in grey surface).
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sites. The successful compounds will be further optimized
by using in silico methods to target particular epitope on vi-
ral glycoprotein UL141 derived from our structural analy-
sis.
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Agregacia prirodzene neusporiadanych proteinov suvisi s
patogenézou mnohych neurodegenerativnych, ¢i nadoro-
vych ochoreni. Neusporiadanym proteinom chyba stabilna
trojrozmerna Struktira, vdaka ¢omu maju cely rad
interakénych partnerov a dokazu ovplyvilova mnozstvo
procesov. Okrem toho ¢astokrat dochadza k interakciam
medzi molekulami samotného proteinu a vznikajii neroz-
pustné proteinové agregaty, veduce k zapalu alebo az k
poskodeniu buniek. Neurofibrilarne klbka su koneénym
produktom agregéacie neuronalneho proteinu tau a su
charakteristickym znakom Alzheimerovej choroby [1] a
inych tauopatii. Protein tau je viazany na mikrotubuly, z
ktorych v dosledku roznych posttranslaénych tprav diso-
ciuje, ¢im sa zrychl'uje jeho premena z plne rozpustného
monoméru na nerozpustné vldkna. V radmci primarnej
Struktiry najdlhsej l'udskej izoformy tau;_44; sa vyznaéuju
oblasti, ktoré sprostredkuvaji vdzbu na mikrotubuly — tzv.
MTBR, pozostavajuce zo Styroch repetitivnych domén R1
- R4. Zistilo sa, ze prave v tejto Casti sa nachadzaju aj
hexapeptidové oblasti tau zodpovedné za zvyseny obsah
B-struktar, ako charakteristickej ¢rty amyloidovej
agregacie (konkrétne *“VQIVYK’!' z R3 domény a
*PYQIINK v ramei R2) [2].

Medzi najcastejSie posttranslacné modifikacie tau pat-
ria hyperfosforylacia a skratenie proteinu z oboch koncov.
Ukézalo sa, ze terminalne oblasti tau dokazu vytvara
prechodnu Struktaru, tzv. Strukturu papierovej spinky [3],
resp. Struktiru v tvare pismena S [4], ¢im blokuju agre-
gacné oblasti tau a s azuju tak interakciu molekul proteinu.
Skratenim proteinu je znemozneny vznik spominanej
protektivnej $truktiry a monoméry tau sa ochotne spajaju
za vzniku dimérov, oligomérov az parovych helikalnych
vlakien a neurofibrilarnych klbiek. Preto sa inhibitor
agregacie patologickych foriem tau povazuje za slubny
terapeuticky ciel’, avSak navrh takéhoto inhibitora je stale
obmedzeny z dovodu chybajicich informacii o Strukture
tau.

Obr. 1. Krystaly samostatnej DC11 Fab (B) a domnelé-
ho komplexu DC11 Fab s tausp;.301 (A) s prislusnymi difrakénymi
obrazcami a,b.

Na ziskanie prechodnych konformacii tau vyuzivame
krystalizaciu skratenych proteinov tau s Fab fragmentami
monoklonalnych protilatok, ktoré ho dokazu zastabilizo-
va Vv jednej konformacii [5]. Komplexy tausy;30;:DC11
Fab boli inkubované 1 hod v molarnom pomere 1,5:1.
Krystalizacia prebiehala metddou sediacej kvapky, pri 295
K v 96-jamkovych krystaliza¢nych platni¢kach [6]. Zber
difrakénych tdajov bol uskutocneny na synchrotrone
PETRA 1II, DESY, Hamburg v Nemecku a predbezné
difrak¢éné udaje boli spracované v programe XDS [5].
Krystaly samostatnej Fab domény protilatky difraktovali v
rozsahu az 1,4 A | zatial’ ¢o komplexy difraktovali az po
1,74 A (Obr. 1). Na rieSenie $truktir plinujeme vyuzi
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Obr. 2. Vysledné komplexy protilatky DC25 s peptidom
tau345-356 s fosforylovanym alebo nefosforylovanym SER356
ziskané pomocou HADDOCK serveru. (Modry, new cartoon —
fosfopeptid; Cerveny, new cartoon —nefosforylovany peptid tau).

metddu molekulovej nahrady a ziskané Struktary budu
d’alej vyuzité v simulaciach molekulovej dynamiky a mole-
kulovom dokovani.

Paralelne skimame konformaény priestor proteinu tau
vyuzitim simulacii molekulovej dynamiky. Atomistické
simuldcie dynamiky kratkeho peptidu taus,s.sss boli usku-
tocnené v explicitnom rozpus adle v balicku programov
Gromacs 2021.3 za vyuzitia silového pol'a des-Amber.
Vysledné konformacie proteinu tau boli vyuzité na
dokovanie do paratopu monoklonalnej protilatky DC25 [7]
(Obr. 2). Sledovany bol vplyv fosforylovacie na Struktiru
tau a interakciu tau s protilatkou. Okrem toho boli
uskutoénené aj simulécie najdlhSicho tau;.44; a tauzn; 301 za
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vyuzitia silového pola SIRAH [8]. Ziskané prechodné
Struktury tau ziskané rontgenovou krystalografiou, ¢i
pomocou in silico metdd budi v budicnosti vyuzité na
uskutocnenie virtualneho skriningu s ciel'om identifikacie
potencialneho inhibitora agregacie tau.
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The present in-silico study is focused on trehalose
synthases (TreS), enzymes converting maltose to trehalose
and vice versa [1], which (at least some of them) may be
part of the four-step metabolic pathway of glycogen forma-
tion from trehalose. They are classified in the Carbohy-
drate-Active enZymes Database (CAZy;

http://www.cazy.org) [2] in the family of glycoside
hydrolases GH13, known as the main a-amylase family
[3,4]. Family GH13 covering more than 30 different
specificities [5] have been divided into 44 official
subfamilies [6] and trehalose synthases belong to
subfamily GH13 16. Typically, they consist of the
three-domain family GH13 canonical arrangement with a

catalytic [B
o

-barrel domain A, domain B (mostly of ir-
8

regular structure) protruding out of the barrel in the place
of the loop 3 and domain C (a 7-stranded antiparallel
B-sandwich) at the C-terminus [4]. In some GH13 16 en-
zymes, however, the domain C is succeeded by a C-termi-
nal extension which in many cases exhibits clear sequence
features of a maltokinase (MakK) [7,8]. True MaKs are sin-
gle-domain enzymes that catalyze ATP-dependent
phosphorylation of maltose at position 1 [8].

One of our goals was analysis of GH13 16 enzymes for
the presence of maltokinase domain. Hence of total 5,933
GH13 16 members available (October 14, 2021), a set of
3,325 unique sequences with a standard TreS domain was
retrieved. These were subsequently divided into two main
groups: (i) 1,425 fused TreS-MaKs with a long C-terminal
extension (at least 400 residues) where the full-length MaK
domain was detected; and (ii) 1,900 simple TreSs with a
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standard TreS domains followed by a short C-terminal ex-
tension (< 110 residues) where no additional domain was
found.

The sequences of MaK domains of fused TreS-MaKs
and 17 characterized true MaKs (i.e. those without a
GHI13_16 TreS) were aligned, conserved sequence regions
were identified and members with identical CSRs were ex-
cluded. Similarly, also simple TreSs were aligned and
those with identical CSRs (seven CSRs typical for GH13
family) were excluded. As a result, 604 fused TreS-MaKs
and 597 simple TreSs were selected for further study. De-
tailed analysis revealed that only 467 MaK domains from
604 fused TreS-MaKs may represent standard MaKs with
conserved catalytic machinery. In contrary, mutations in
residues directly binding maltose or in catalytic aspartates
were found in 79 and 58 MaK domains, respectively. Their
proper catalytic function as maltokinases is thus question-
able which opens up speculations about their possible new
role. The group of 597 simple TreSs was used to prepare a
logo based on CSRs, and as a control set in the aim to find
possible differences between TreS domains of simple TreS
and fused TreS-MaK enzymes. Analysis of the linkers con-
necting the TreS and MaK domains revealed the unusual
high content of aromatic residues, tryptophans and
phenylalanines, in comparison with C-terminal parts of
simple TreS enzymes. The tertiary structure of any fused
TreS-Mak is currently unknown, therefore the structures
modeled by Alphafold [9] and available in UniProt data-
base [10] were analyzed with a special focus on the parts
connecting the two domains. The results support the hy-
pothesis that part of the linker actually belongs to the MaK
domain. Thus, the Mak domains of TreS-MaK fused en-
zymes are larger than those of true MaKs.

Since the presented work delivers a detailed
bioinformatics analysis of fused TreS-MaK enzymes for
the first time, it might help in their quick identification and
contribute to better characterization of both TreSs and
MaKs, and thus help in the study of the role of
MaK/MaK-like domains in the subfamily GH13 16 en-
zymes.

1. Sugimoto T., Kurimoto M., Tsujisaka Y. (1995) Biosci.
Biotechnol. Biochem., 59, 2189-2190.

2. Drula E., Garron M.L., Dogan S., Lombard V., Henrissat
B., Terrapon N. (2022) Nucleic Acids Res., 50,
D571-D577.

3. MacGregor E.A., Janecek S., Svensson B. (2001) Biochim.
Biophys. Acta, 1546, 1-20.

4. Janecek S., Svensson B., MacGregor E.A. (2014) Cell.
Mol. Life Sci., 71, 1149-1170.

5. Janecek S., Svensson B. (2022) Amylase, 6, 1-10.

6. Stam M.R., Danchin E.G., Rancurel C., Coutinho P.M.,
Henrissat B. (2000) Protein Eng. Des. Sel., 19, 555-562.

7. WangY., Zhang J., Wang W., Liu Y., Xing L., Li M.
(2012) Extremophiles, 16, 377-385.

8. Drepper A., Peitzmann K., Pape H. (1996) FEBS Lett., 388,
177-179.

9. Jumper J., Evans R., Pritzel A. et al. (2021) Nature 596,
583-589.

10. The UniProt Consortium (2021) Nucleic Acids Research,
49, D480-D489.

This work was financially supported by the grant No.
2/0146/21 from the Slovak Scientific Grant Agency VEGA.

© Krystalograficka spole¢nost



