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,,Crystallographic study of haloalkane dehalogenase DhaA mutant variant
DhaA12 and DhaA31 and analysis of substrate biodegradation®

Maryna Lahoda

Autorka piedloZila praci ve formé komentovanych ¢lanki s obecnym tvodem, ktery je
na 42 strankach. Ocekaval bych, ze v této form& bude v Gvodnim komentéafi shrnut ve
stru¢nosti soutasny stav problematiky, z n€ho vyplyvajici jasné vytyCené cile prace, struné
popsany konkrétni experimentalni techniky a podminky a charakterizovany ziskané
nejdilezit&jsi vysledky. Ne vie z toho jsem v3ak v ivodu nalezl. I kdyZ je tato Cast napsana
veelku pekné, tak je v nékterych &astech spise obecna. Prace je zamefena na studium struktury
proteind halogenalkandehalogenasy DhaA a jejich mutanti DhaA31, DhaAl2.

V samotném tuvodu autorka vyzdvihuje vyznam studia t&chto latek z hlediska
zivotniho prostfedi, jejich aplikaci v biokatalyze a hned formuluje hlavni cile prace — nalezeni
vhodnych krystalizaénich podminek mutantu DhaA31 a jejich optimalizace, feSeni struktury
dvou variant DhaA31l - ve volné formé a vkomplexu protein-substrat s1,2,3
trichlorpropanem, detailni krystalografickd analyza téchto dvou experimentalnich struktur,
srovnani riznych fazi reakéni cesty enzymu DhaA31 s pfedchozimi vysledky pro DhlA a
vysvétleni mechanismu dehalogenace uvnité aktivniho mista. Dale pak 1 studium mutantu
DhaA1l2.

Ve druhé Gastise autorka vénuje charakterizaci halogenalkandehalogenas, jejich
klasifikaci a struktufe, aktivnim mistim, chemickym reakcim. Nasleduje dileZita Cast
vénovand aplikacim pfi biodegradaéni. aktivité, novych aplikacich v biokatalyze toxickych
latek, biomonitorovani a rozbor znamych vysledkd, co se tyce struktury DhaA a mutanti.
Tato &ast se mn& jevi veelku peknd a prehledna. Ukazuje zaroveti, Ze téma prace je aktudlni a
vyznam studovanych latek podstatny i v praxi. Prace s literaturou se mné zda adekvatni. Ve
tieti ¢Asti vénované experimentdlnim metodam je podan obecny pichled technik krystalizace
makromolekul a prpravy krystaléi pro difrakéni méfeni. Zde bych uvital na zavér struény
popis postupl pouzitych v dané praci. Je to sice uvedeno v &lancich, ale dle mého nazoru by
to mélo byt uvedeno i ve shrnujici Gvodni Casti. Pfedpokladdm, Ze to studentka bude
prezentovat pfi obhajobé. V podstaté stejnou pfipominku mam i k nasledujici &asti sbéru
difrakénich dat a Feseni fazového problému, ktera je opét obecna. K této partii mam i nékolik
drobnych formalnich pfipominek. Ve vztahu (1) by mélo byt j vysazeno viude jako index.

Pojem structural factor se nepouZziva, spravne structure factor. Odstavec textu pod timto



vztahem neni moc srozumitelny a ptesny. Nepfesnd je 1 prvni véta 3.2.1. Izomorfni nahrazeni
neni nazyvano metodou tézkého atomu. Metoda je obecnéj$i a nemusi byt spojena
s nahrazenim (t€Zké atomy mohou byt v latce pfirozeng). Jinak je ¢ast strund a prehledna.
Opét bych uvital kratce i zde, co konkrétné bylo vyuzito pfi feseni studovanych struktur. Tim
uvodni ¢ast konci.

Myslim, ze v tomto formatu disertacni prace nepostacuje jen Cisté piiloZeni ¢lankd, ale
po uvedenych uvodnich ¢astech by méla nasledovat ¢ast shrnujici nejdilezitej$i ziskané
vysledky a piipadné¢ zavéry. Toto je Caste¢né provedeno na tfech strankach v autoreferatu
(Summary of Ph.D. thesis), ze kterého vyplyva, Ze vytlené cile prace byly v podstaté splnény,
uréeny a analyzovany struktury studovanych latek. Z formalniho hlediska bych opét doporucil
jednotlivych ¢lanku, 1 kdyZ by se to v daném ptipade pfili§ nelisilo. VE&iim, ze tento postup
zvoli studentka pii vlastni obhajobé.

Z ptiloZzenych ¢lankt vySel jeden v Acta Crystallographica F (I) a dal$i byl, dle
Cerstvych informaci, pfijat v Acta Crystallographica D (II) s vysokym impakt faktorem.
Casopis je zaroveti podle poslednich hodnoceni na prvnim misté mezi Gasopisy v oboru
krystalografie. Jaka je situace se tfetim zatazenym Clankem (opét do Acta Cryst F)? A také se
¢tvrtym zminénym c¢lankem pro Nature Chemistry? Ten v PDF disertace fakticky neni
ptiloZen, takze jej nelze ani hodnotit, coz povazuji za vcelku zdvazny nedostatek. Jedna se o
technickou chybu?

Nicméné l1ze konstatovat, Ze i prvni dva jiz vyslé clanky dokladaji, Ze autorka ziskala
zajimavé vysledky, které se ji podafilo publikovat v kvalitnich ¢asopisech. U tf ¢lanka je
prvni autorkou. Ve své praci dostatecné projevila schopnost fesit vyzkumny projekt tviréim
zptisobem. Prace je psana anglicky. Jazyk je vcelku akceptovatelny, i kdyZz na nékolika
mistech jsou nepfili§ anglické formulace.

Pres vytky zejména k form¢ disertani prace doporucuji tuto praci jako podklad

k udéleni titulu Ph.D.

V Praze 17.9. 2013
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Opponent report of PhD. thesis of Maryna Lahoda:

“Crystallographic study of haloalkane dehalogenase DhaA mutant variant
DhaA12 and DhaA31 and analysis of substrate biodegradation by DhaA31«

The submitted PhD thesis is focused on the structural analysis of haloalkane
dehalogenase DhaA "wild-type" and two mutant of this enzyme. Haloalkane dehalogenases
hydrolyze carbon—halogen bonds in a wide range of halogenated aliphatic moleculs, known as
highly resistant industrial pollutants. The potential use of haloalkane dehalogenases in
bioremediation applications triggered intensive investigation of these enzymes and their
engineering.

Submitted thesis consist of 39 pages of introduction, literary review and methods, the
second half contains three attached publications. Although there is a title of fourth publication
on the last page, the manuscript of this work is not attached. The description of experimental
methods is very brief, page range 25-38 is used for explanation of crystal growth techniques,
data collection, solving of phase problem and structure refinement (structure refinement is
described on one page, which I find very surprising ).

There are some mistakes and type errors, eg.:

- page 33, equation [1] j is an index and should be written as a subscript, moreover the atomic
displacement parameter or parameters are omitted from the equation.

- page 34, equation [2] is absolutely incorrect, there is missing the phase information.

- same page, line 7. The statement is not understandable, what author means by: "The phase is
unknown and it is only additional information the crystallographer needs on order to
compute p(x,y,z)" .... .

However, I have to say that the attached publications are of high quality and their
findings are very valuable for the scientific community, which was proved by their
acceptations in respectable International Journals. After reading of the mentioned publication
one can conclude that the core of thesis lays in the structural studies of haloakan

dehalogenase DhaA and its mutant DhaA31. The key publication: " Crystallographic analysis



of 1,2,3-trichloropropane biodegradation by haloalakane dehalogenase DhaA31." (Lahoda ,
et. al. 2013, Acta Cryst D), reports structure studies of DhaA variant or mutant with
increased catalytic activity to widespread anthropogenic pollutant 1,2,3 trichloropropane, is
very interesting. So my questions are aimed at rational design of highly active mutants and
structural analysis:

Ist question: In the figure 15 you have documented the sequential alteration of the
active site of DhaA enzyme to become DbjA like enzyme. This modulation of the sequence is
documented for variants DhaA07-12. Could you similarly show the mutational trajectory
toward mutant DhaA31 and comment on the rational background?

2nd question: In the above mentioned paper you have used the SHELXL program and
anisotropic ADP's for refinement of two highly resolved structures (DhaA31 and its complex
with  1,2,3 trichloropropane). For stable and trustworthy refinement you need high a
parameter/ observation ratio, could you please show this values for all three refinements and
comment on them? (And subquestion or comment: Are you sure, that R.M.S.D. values of
bond angle in table 1, page 56, are correct?)

3rd question: From the table 1, page 56, (Data-collection and refinement statistics), it
is clear that you used reduced dataset for refinement wt DhaA enzyme. Could you please
explained why?

I proclaim, that my comments and questions do not aspire to dispute a good level of
the documented scientific work in the manuscripts, which corresponds to high scientific
quality of the laboratories cooperating on this important project. I have some objections to
the length and range of introduction. Moreover, I think that the candidate could have
documented a number of results which were out of the scope of the attached publications and
discuss them to communicate particular knowledge in the field of structural biology of
dehalogenase enzymes. My essential objections are:

1) missing objectives of work as a separate chapter

2) missing discussion of the success in solving of particular aims

3) and missing final summary of the thesis.

In summary of my report I want to state clearly, that I am not able to judge if the
formal requirement for PhD thesis were fulfilled, and this have to be decided by the
University authorities. However, I would like to point out that, the scientific work presented
in the attached papers with candidate as first author, prove her scientific and communication

skills, and this PhD thesis should be admitted for defense.

In Prague September 17th 2013 Jif{ Brynda ,
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Oponentsky posudek diserta¢ni prace Mgr. Maryny Lahody
»Crystallographic study of haloalkan dehalogenase DhaA
mutant variants DhaAl12 and DhaA31
and analysis of substrate biodegradation by DhaA31%

Projekt se zabyval problémem, jak struktura mutantd haloalkane dehalogenazy
ovliviuje funkci tohoto proteinu a pfinesl nové informace o tom, jakou roli mohou
mutanti tohoto enzymu hrat pfi udrzZitelnosti Zivotniho prostiedi. Toto téma zapada
do naplné védecké laboratore, kterou vede Skolitelka doktoranda.

V préci byly vyfeSeny nasledujici struktury protein(:
e Struktura komplexu mutantni halogenalkendehalogenazy DHA-A31 s 1,2,3-
trichlorpropanem (4FWB), substrat 3KP, 4Cl, 353 HOH.
o Struktura komplexu mutantni halogenalkendehalogenazy DHA-A31 bez
substratu (3SK0) 1xCl, 270 HOH.
e Struktura komplexu mutantni halogenalkendehalogenazy DHA-A12 (3RK4),
Cl, 385 HOH.

Prace obsahuje na stranach 1-15 uvod do problematiky halogenalkendehalogenaz.
Na stranach 16-20 je popis fedeni struktury DhaA31 s ligandem a bez ligandu. Na
stranach 21-24 je popis feSeni struktury DhaA12. Na stranach 25-38 je uvod do
krystalizace proteinl. Na stranach 43-70 jsou kopie publikaci.

Po formalni strance neni prace clenéna standardné a zaveér v ,Autoreferatu” je
formulovan jako tfi nezavislé abstrakty tfi publikaci.

Je v8ak zfejmé, ze autorka zvladla techniky pripravy krystalickych proteini a
metodiku proteinové krystalografie. Pfipravila kvalitni monokrystaly a vyreSila tfi
rizné struktury halogenalkendehalogenazy. Ziskané vysledky byly zpracovany a
deponovany v Proteinové strukturni databazi PDB. Prvni prace byla opublikovana
v Casopise Acta Crystallographica F. Dvé struktury A31 mutantu Dha (bez ligandu a
se substratem) byly pfijaty k publikaci do ¢asopisu Acta Crystallographlca D (s
vynikajicim impact faktorem 14,1).

Mam dotaz na doktorandku, kde lezi pozice maxim na diferenéni map& anomalniho
rozptylu (na ni jsou pfi rozlieni lepSim nez 1,3 A zfetelné vSechny atomy chloru) a
zda-li neni mozné rafinovat v aktivnim misté téz intermediat zablokovany nizkym pH
v konfiguraci zobrazené na obrazku 12(b) a nebo kombinaci konfiguraci 12(b) a
12(d)?

Byl spInén ukol zadani disertacni prace, tj. vyfesSit prostorovou strukturu proteind
neligandované halogenalkendehalogenazy, mutantu A31, komplexu A31 mutantu
halogenalkendehalogenazy s trichloropropanem a A12 mutantu neligandované
halogenalkendehalogenazy. VSechny tfi struktury, které autorka vyresSila byly
deponovany v Proteinové Strukturni Databance PDB pod kody 4FWB, 3SKO0, 3RK4.



Lze proto konstatovat, Ze predlozena disertacni prace Maryny Lahody splhuje
pfedpokiady kladené zakonem a proto ji doporucuji jako podklad k udéleni titulu
PhD. v
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V Praze 31.8.2013 RNDr. Jind,ﬁch Hasek, DrSc



