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Within this thesis, two new biologically attractive haloalkane dehalogenases DpcA from

Psychrobacter cryohalolentis K5 and DmxA from Marinobacer sp. ELB17 are characterized
crystallographically. The scientific project itself is an important part of the big collaboration efforts to
study HLD globally. This work simply combines standard techniques used to study the structures of
enzymes. The first part of the thesis is focused on crystallization, ligand co-crystallization,
diffraction data collection and processing of both DpcA and DmxA enzymes. The second part
described an important contribution to the understanding of the molecular basis of cold adaptation
in proteins.
The thesis is based on 3 scientific papers, currently 2 records in PubMed and 1 manuscript under
review. The successful crystallization of both enzymes was published by Katsiaryna Tratsiak et al.
already in 2013 in structural biology communication journal ‘Acta Crystallographica F’ (IF = 0.989).
While the crystal structure of DpcA was solved 6 years later also by Katsiaryna Tratsiak et al. (in
2019) and published in the same journal. It just raising the question, what caused the delay in
solving such great-resolution structure (even when resolution was so perfect, nearly 1A).

Katsiaryna's efforts were mostly focused on preparation of DpcA and DmxA protein crystals for X-
ray diffraction experiments and these were successfully prepared within the study. While the
production of recombinant or native proteins seems to be out of her skills, however she actively
participated in the most critical step, which is in this case, the preparation of the crystals.
Therefore, | really appreciate Katsiaryna's work on developing the strategy to crystallize and further
optimize the ligand co-crystallization and the soaking methods in order to obtain the protein
structures in such a high ‘atomic’ resolution (DpcA crystals diffracted to the resolution of 1.05 A and
DmxA of 1.45 A). Moreover, Katsiaryna‘s work on the particular X-ray diffraction data collection and
data analysis and solving the structures by molecular replacement also dominates the outcomes of
this thesis.

This study efforts of Katsiaryna have revealed that DpcA solved structure possesses the shortest
access tunnel and one of the most widely open main tunnels among structural homologs of the
HLD-I subfamily. In addition, the comparative analysis revealed major differences in the region of
the alfa-4 helix of the cap domain, which is one of the key determinants of the anatomy of these
tunnels. Katsiaryna also participated on analyzing the second macromolecular structure. They
found DmxA possesses a unique composition of catalytic machinery presented by halide-stabilizing
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residue Q40 instead of the conventional N that is typical for the other members of the subfamily.

Therefore, | can say, the solved crystal structures can definitely contribute to better understanding
of the structure—function relationships of cold-adapted enzymes as well as the enzymes of
extraordinary stability and all these may guide the modification of these enzymes for various
biotechnological applications, which just confirms the attractivity of studied topic.

Overall, Katsiaryna obviously contributed extensively to the experimental as well as computational-
structural part. She got exposed to various experimental techniques by her own hands and during
her PhD study she also conducted a couple of short stays outside of her home lab. | would like to
also appreciate Katsiaryna’s contribution in writing the manuscripts. All those are good attributes to
become one day an independent scientist.

Comments:

The thesis has all together 165 pages divided into 6 main chapters and the supplementary
material. The individual chapters are more-less distributed well, however, the main part, e.g.
chapters 3-5 are quite confusing while reading. For example, it was a bit confusing to read
standard text, then text based on paper, it just gets reader out of flow. It would be better to attach
whole papers as they are, not fraction those in chapters, as well as the 'Materials and methods’
chapter then losing its point, as it contains the same information. Also, some parts of the methods
are mixed with results (for example Fig. 7 and 8 should be placed in results section) and the
‘Abstract’ and ‘Conclusions’ could be written better (with logical flow).

Questions:

1. As stated, the crystals of DpcA and DmxA suitable for the X-ray diffraction experiment were
obtained in a newly discovered precipitant composition. What are the differences in
crystallization conditions obtained for other HLD reported earlier (choose 5)? Compare pH,
temperature and precipitant composition. To what extend can this comparison guide the
crystallization of other HLD?

2. How and what information obtained from these molecular structures will be used to
engineer improved catalytical characteristics and broader environmental activity range of
these enzymes? Tell us the perspectives.

3. Why are these enzymes so promising candidates for environmental applications? Please
comment on at least 3 properties/characteristics of these enzymes.

Finally, | can state that the candidate fulfills necessary criteria for being awarded a PhD degree.
Therefore, | can recommend Katsiaryna Dolezelova (Tratsiak)’s thesis for the PhD defense.

(Zaver: Katsiaryna Dolezelova (Tratsiak) vo svojej praci preukazala svoje tvorivé schopnosti i

vedomosti a preto tato praca spifia zakladné poZiadavky kladené na dizertadné prace v danom
odbore. Odporiuéam pracu k obhajobe.)

Bratislava, 16.05.2019

Ivana Neméoviéova, Ph.D.

Head of Department of Viral Immunology
Biomedical Research Center
Slovak Academy of Sciences

Débravska cesta 9, 845 05 Bratislava 4 B 02 59302 435 (&) 02 5477 4284 Page 2 of 2
@ virivka@savba.sk 9 50073869



E (// CESKE Fakulta jaderna g A
PN ‘-‘» VYSOKE UCENI] a fyzikalng ~ £° 2 AW

| N @11‘4 | TECHNICKE V PRAZE inZenyrska

.ég

L

Biehova7 11519 Prahal

Oponentsky posudek

Disertacni prace “Crystallographic study of biotechnologically attractive haloalkane
dehalogenases DpcA and DmxA” Katsiariny Dolezelové (Tratiak) ma celkovy rozsah 165
stran, je napsdna v jazyce anglickém. Zabyva se krystalografickou studii dvou enzymi s
podobnym potencidlnim vyuZitim, aviak riznymi biofyzikdlnimi vlastnostmi. Pochopeni
Jejich odliSnosti od jiZz znamych enzym miZe vyznamn& pomoci v boji proti znelisténi
zivotniho prostiedi. Z tohoto pohledu je cil a vyznam prace aktualni a velmi dillezity.

Disertatni prace se skladd z nasledujicich &asti: prologu (4 strany), teoretického uvodu (47
stran), material a metody (6 stran), vysledky a diskuze (82 stran), shrnuti (6 stran). Zbytek
textu tvofi odkazy na literaturu a doplitkovy material.

V (&asti teoretického Givodu autorka pouziva nékterd pfili§ ostra vyjadieni. Napiiklad pouziti
barviva Izit (strana 36) neni zdaleka vzdy prokazatelné. Dale limity pro obsah solventu v
proteinovych krystalech (strana 36) jsou nastaveny pfili§ pevné a odkazuji se sice na piivodni,
avSak jiz zastaralou literaturu. Obdobn€ informace hornfho limitu pouZitelnosti techniky
NMR (strana 44).

VétSina teoretického tvodu je psdna dostateéné do hloubky a snaZi se v pfiméfené mife
pokryvat veskerou oblast strukturni biologie. Autorce bych viak vytkl a zdrovei vznesl prvni
drobnou pfipominku, jestli si uvédomuje, ktera oblast vztahujici se k proteinové krystalografii
je uvedena pro kryo-elektronovou mikroskopii na obrazku 13, strana 47, a soucasné neni
rozepsana pro struktury proteind?

Sekce material a metody obsahuje pouze 6 stran, coz nejspise myln& naznaluje, Ze rozsah
odvedené prace je velmi omezeny. Lze odhadnout celkové mnozstvi krystalizadnich pokust a
zpracovanych dat, které vedly k tispésnému dokonceni této prace?

V této sekci vytykdm autorce dveé riizné vinové délky 0.978 a 100 K (strana 54) a pres
pochopitelné pravopisné chyby v anglickém jazyce jesté opakovani &lenu “the” na strang 55.

K praci mam déle nasledujici pfipominky:

1) Na strané 63 je uvedeno, Ze byly pouzity ruzné vinové délky pro obdobnd méfeni. Z
jakého dtivodu?

2) Na stran€ 63 je rovnéZ neuspofddano pofadi experimentil — difrakce, krystalizace, opét
difrakce.

3) Na stran€ 67 je velmi nepfesné vyjadiena mira shody a podobnosti mezi proteinovymi
sekvencemi.

4) Na stran¢ 68 neni uvedeno jedno z Rmerge/Rmeas. Strana také obsahuje typograficky
omyl ,,6%.

5) Na stran€ 69 chybi zavorky.
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6) Na stran¢ 77 je uvedeno ,.final Reryst, Rfree®, znamena to tedy, ze struktury nebyly
upfesiiovany v poslednim cyklu pomoci fipln€ vSech reflexi? Text tuto skutenost
nevyjasiiuje.

7) Nastran€ 79 je uveden threshold 3.5. O co se jedna? Nechybi fyzikalni rozmér?

8) Lze porovnat optimdlni podminky pro enzymovou katalyzu s krystalizalnimi
podminkami?

9) Existuji jiné struktury odliSnych dehalogenas, u kterych by byla pozorovana vazba
ligandu? .

10)Na strané 110 se vyskytuje tvrzeni, Ze residuum Q40 se nemiize Ulastnit vazby
ligandu. Pfesto mutace tohoto rezidua meéni aktivitu — substratovou specificitu
enzymu. Jak si autorka vysvétluje tuto skutenost? Nemulze piece jen dochdzet ke
strukturni reorganizaci tak, aby v ptipadé€ vazby ligandu k aktivni G&asti Q40 doslo?

Nez uvedu zavér, chtél bych jest€ upozornit na osobni dojem, Ze &asti diskuze pfipominaji
spiSe opakovéani vysledkii. Samotné vyfeSeni struktury, ackoliv je pochopiteln& pro dalsi
analyzu naprosto nezbytné, jest€ samo o sob& nevysvétluje pfi¢iny extrémniho chovéni obou
enzymi. K tomu je zapotiebi provést jesté dukladn&jsi srovnavaci analyzu, pfipadné provést
mnoho dal§ich méfeni, nebo zahrnout analyzu dal$ich mutant enzymi.

Pres n¢kolik vytek, které byly vySe uvedeny, povazuji predloZenou praci za kvalitni, dobfe
zpracovanou, zajimavou a piedevsim dilezitou pro dal$i rozvoj oboru biotechnologii. Ziskané
vysledky jsou cenné a poskytuji ndhled na pfi¢iny v odli¥nostech obou enzymi. Na praci lze
dale stavét vdalSim vyzkumu. V piipadé, Ze budou vsechny mé dotazy dostatedng
zodpovézeny, spliluje predloZend prace pozadavky kladené na disertani prace doktorského
studia, proto doporucuji praci pfijmout jako podklad k obhajobé.

V Praze, 17.5.2019

doc. Ing. Petr Kolenko, Ph.D.



Review of the thesis

Crystallographic study of biotechnologically
attractive haloalkane dehalogenases DpcA and
DmxA

Author: Katsiaryna Dolezelova (Tratsiak)

The thesis begins with a prologue containing a few quotes and formulation of main aims
of the thesis — crystallization of DpcA and DmxA crystals, obtaining high-resolution X-ray
diffraction data and studies of structural features and also thermal stability of these extremozymes.
The aims may be better included after the introduction showing the importance of these enzymes.
They are applied to catalyse the conversion of highly toxic halogenated compounds and therefore
can have high practical applications.

The thesis consists of several parts. Introduction (about 45 pages). Materials and methods
(3 pages), three papers two of which has been published in Acta Crystallographica F and the third
one is prepared for FEBS journal. Everything is summarized in Conclusions.

The Introduction is well-structured starting with description of enzymes, their function
and activity. Then the significance of haloalkane dehalogenases is characterized. The topics are
studied in the group already for some time. Table 1 listing different haloalkane dehalogenases
clearly shows that there is no unique crystallization method for them. The focus is given to two
studied enzymes — DpcA from Psychobacter cryohalolentis K5 and DmxA from Marinobacter sp.
ELB17. The former is characteristic by narrow substrate specifity profile and the latter is one of
the most enantioselective haloalkane dehalogenases. The reference given there (p. 18) even
unpublished should have a counterpart in the list of references. The last part of this section is
devoted to extremozymes, i.e. the activity at low temperatures and to thermal stability. In part 2.5
methods of protein determination are listed and since the main method is X-ray diffraction
requiring crystals, significant part of the thesis was crystallization of the studied enzymes and
different crystallization methods are described and compared. This part is followed by a brief
description of principles of XRD crystal structure determination and individual steps as
preparation of samples, X-ray data collection and structure solution by solving of the phase
problem where a short characterization of the methods used is given. In next shorter sections other
methods are described - NMR, modern and popular cryo-electron microscopy and small-angle X-
ray scattering.

All parts of Introduction are relatively brief sometimes simplifying things but always the
most important points are sticked out well.

Chapter — Materials and methods is very short showing the methods and conditions used
crystallization X-ray data collection and structure determination. Since there are not unique for all
studied proteins and described also in the main part — published papers, the part could be omitted.

The main fourth part consists of copies of two papers published and the third one

prepared.
The first paper in Acta Cryst F is devoted to the crystallization and preliminary diffraction
analysis of the two studied enzymes. The second paper that appeared recently deals with structural
analysis of cold-adapted DpcA enzyme that is useful for environmental applications at relatively
low temperatures. Typical feature is that it posseses the short access tunnels and widely open main
tunnels. The third paper deals with the second studied enzyme, its structure, analysis of tunnels
and construction of mutants. I think that i tis highly probable that the paper will be accepted for
publication perhaps after minor revisions.

Main results of the thesis are summarized in Conclusions, the goals described in the above
three papers.



The form of citations by reference to the author names was chosen and seems to be
consistent. There are only a few misprints in the thesis. English is not perfect but acceptable.

I would have only some general questions. It is written that almost all crystallization
techniques were used successfully. Can we conclude that the crystallization of the studied
enzymes is relatively easy? What was the probability that the crystals selected after optical,
mechanical and other tests gave also satisfactory diffraction patterns? What the author considers
as the most difficult part of the thesis and what results she takes as the best achievements?

I recommend to the Faculty of Science at the University of South Bohemia in Ceské
Budgjovice acceptance of the doctoral thesis of Katsiaryna DoleZelova, if successfully
defended. There is no doubt about its quality and novelty as well as about significant
contribution of the student to all individual parts of the research mentioned in the thesis. The
thesis is well supported by two publications. The thesis could be submitted after the
acceptance of the third paper for publication. However, I assume that it will also be accepted.

/B

prof. RNDr. Radomir Kuzel, CSc.

In Prague 30. 5. 2019



