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Hemové enzymy

OXYGENASY - CYTOCHROMY P450...
=) biotransformace Iéku (v€etné antibiotik) a xenobiotik (toxiny
baterii)

prof. Hayaishi objevil oxygenasy v roce
1956 (foto z oslavy 50. vyrocCi objevu, 2006)

Naiman K. et al. Mutat Res (2011) 726, 160-168.
Miksanova M. et al. Chem Res Toxicol (2004) 17, 663-671.
Miksanova M. et al. Collect Czech Chem Commun (2004) 69, 589-602.

Naiman K. et al. Toxicol Sci (2012) 127, 348-359.
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Hemové senzorové proteiny
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Hemové senzorové proteiny
PRAKTICKY VYZNAM

l. senzory hemu Il. senzory plynu
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Vyznam pri procesech souvisegjicich Regulace klicovych bakterialnich

s rozvojem maligni transformace procesu (virulence, pohyb, tvorba
(zhoubné nadory) biofilmu...)
PROTINADOROVA TERAPIE ANTIBIOTIKA NOVE
Martinkova M. et al. J Biol Chem (2013) 288, 27702. GENERACE

Shimizu T. et al. Chem Rev (2015) 115, 6491.
Shimizu T. et al. Chem Soc Rev (2019) 48, 5624.
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Regulace klicovych bakterialnich
procesu (virulence, pohyb, tvorba
biofilma...)

ANTIBIOTIKA NOVE

Martinkova M. et al. J Biol Chem (2013) 288, 27702. GENERACE
Shimizu T. et al. Chem Rev (2015) 115, 6491.
Shimizu T. et al. Chem Soc Rev (2019) 48, 5624.
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Fojtikova V. et al. Biochemisty (2015) 54, 5017.
Stranava M. et al. Proteins (2016) 84, 1375-1389.
Stranava M. et al. J Biol Chem (2017) 292, 20921.
Skalova M. et al. J Biol Chem (2020) 295, 1587.
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Interproteinovy prenos signalu

1. STUDIE OLIGOMERNIHO STAVU

2. KINETICKA ANALYZA

3. STRUKTURNI STUDIE




INTERPROTEINOVY PRENOS SIGNALU

AfGcHK

Transkripcni faktor
(regulator odpovédi)

Stranava M. et al. Proteins (2016) 84, 1375-1389.



Intraproteinovy prenos signalu

1. KINETICKA ANALYZA

2. HDX STUDIE &

3. KRYSTALOGRAFICKA STUDIE ‘

4. DIMERIZACNI ROZHRANI




INTRAPROTEINOVY PRENOS SIGNALU

Aktivni stav Neaktivni stav

Fe(lll) Fe(ll) p

Stranava M. et al. J Biol Chem (2017) 292, 20921.
Fojtikova V. et al. Biochemisty (2015) 54, 5017.
Skalova M. et al. J Biol Chem (2020) in press
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Disruption of the dimerization interface of the sensing
domain in the dimeric heme-based oxygen sensor AfGcHK
abolishes bacterial signal transduction
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The heme-based oxygen sensor protein AfGeHK is a globin-
coupled histidine kinase in the soil bacterium Anaeromyxobac-
ter sp. Fwl09-5. Its C-terminal functional domain exhibits
autophosphorylation activity induced by oxygen binding to the
heme-Fe{ll) complex located in the oxygen-sensing N-terminal
globin domain. A detailed understanding of the signal transduc-
tion mechanisms in heme-containing sensor proteins remains
elusive. Here, we investigated the role of the globin domain’s
dimerization interface in signal transduction in AfGcHK. We
present a crystal structure of a monomeric imidazole-bound
AfGcHK globin domain at 1.8 A resolution, revealing that the
helices of the WT globin dimer are under tension and suggesting
that Tyr-15 plays a role in both this tension and the globin
domain’s dimerization. Biophysical experiments revealed that
whereas the isolated WT globin domain is dimeric in solution,
the Y15A and Y15G variants in which Tyr-15 is replaced with
Ala or Gly, respectively, are monomeric. Additionally, we found
that although the dimerization of the full-length protein is pre-
served via the kinase domain dimerization interface in all vari-
ants, full-length AfGcHK variants bearing the Y15A or Y15G
substitutions lack enzymatic activity. The combined structural
and biophysical results presented here indicate that Tyr-15
plays a key role in the dimerization of the globin domain of
AfGcHK and that globin domain dimerization is essential for
internal signal transduction and autophosphorylation in this

protein. These findings provide critical insights into the signal
transduction mechanism of the histidine kinase AfGcHK from
Anaeromyxobacter,

Heme complexes play essential roles in many important
physiological processes, including oxygen transport and stor-
age, electron transport, oxidative stress protection, and signal-
ing. They are also vital components of heme-containing sensor
proteins, a large group of biologically significant proteins that
are represented in almost all living organisms and exhibits great
functional diversity {1-6).

There is considerable interest in the structure-function rela-
tionships of heme-based oxygen sensors because the heme-iron
complex serves as the signaling center (1, 7-14). Proteins of this
type often act as one component of a two-component signal
transduction system. These systems are associated with biofilm
formation and virulence in certain pathogenic bacteria but also
fulfil many other functions (15-18). The heme-based oxygen
sensor AfGcHK* is a globin-coupled histidine kinase from the
soil bacterium Anaeromyxobacter sp. Fwl09-5 (19), It has an
N-terminal heme-bound globin domain and a C-terminal
kinase domain. The binding of oxygen to a heme-Fe(ll) com-
plex in the oxygen-sensing globin domain induces autophos-
phorylation of its kinase domain via interdomain signal trans-
duction (19). AfGcHK proteins containing a heme-Fe(1I)-0O,
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© jpiamr

Joint Programming Initiative
on Antimicroblal Resistance

Call: Sth Call = JPIAMR Joint Call on Diagnostics and Surveillance 2019
Title: Prevention of antibiotic resistance by TARGEted Treatment of pneumonia in children
Acronym: TARGET

Project composition

Type Name Institute Country

Coordinator | Marien De Jonge Radboud University Medical Center The Netherlands

Partner Markéta Martinkova Charles University Prague Czech Republic

Partner Blandina Mmbaga Kilimanjaro Christian Medical Centre Tanzania
(KCMCQ)

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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bakterie

Streptococcus pneumoniae
Haemophilus influenzae
Staphylococcus aureus
Mycoplasma pneumoniae

viry

lidsky orthopneumovirus (respiratory syncytical virus, RSV)
virus chripky (influenza A a B)

virus zpusobujici COVID-19 (SARS-CoV-2)

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy



Bakterialni hemové senzory kysliku (plynt)
RYCHLY ZPUSOB DETEKCE

Polymerazova retézova reakce (PCR)

DNA primers DNA nucleotides
- - polymerase (dTTR, dCTP dATP, dGTP)

Tag
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Saiki R.K. et al. Science (1985) 230, 1350
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Notomi T et al. Nucleic Acids Research (2000) 28, E63
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PCR vers. LAMP

PCR
Teplotni cykly (drahy pfistroj)

2 primery” — specifické oblasti DNA
Pomalée, typicky >1 hodina
Vytézek amplifikace ~0.2 mg

Nevhodné pro vizualni detekci (drahy
pristroj pro detekci a naklady na dalsi
cinidla)

Citlivé k pfitomnosti inhibitort Taqg
DNA polymerasy

LAMP

|lzotermalni — jedina teplota (bez
pristroje)

4 — 6 primeru

Rychlé, typicky <30 min

Vytézek amplifikace ~10-20 mg (100x
vice nez PCR)

Vhodné pro vizualni detekci (bez
pristroje) — zakal, barva....

Vysoka tolerance k inhibitorim Bst
DNA polymerasy

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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PCR vers. LAMP

PCR
Teplotni cykly (drahy pfistroj)

2 primery” — specifické oblasti DNA
Pomalé, typicky >1 hodina
Vytézek amplifikace ~0.2 mg

Nevhodné pro vizualni detekci (drahy
pristroj pro detekci a naklady na dalsi
cinidla)

Citlivé k pfitomnosti inhibitort Taqg
DNA polymerasy

LAMP

|lzotermalni — jedina teplota (bez
pristroje)

4 — 6 primeru - specifickeé

Rychlé, typicky <30 min

Vytézek amplifikace ~10-20 mg (100x
vice nez PCR) - citlive

Vhodné pro vizualni detekci (bez
pristroje) — zakal, barva.... - levné

Vysoka tolerance k inhibitorim Bst
DNA polymerasy

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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Streptococcus pneumoniae — deteke pomoci PCR

> Streptococcus pneumoniae (strain TIGR4, serotype 4, LytA gene)
ATGGAAATTAATGTGAGTAAATTAAGAACAGATTTGCCTCAAGTCGGCGTGCAACCATATAGGCAAGTACACGCACACTCAAC
TGGGAATCCGCATTCAACCGTACAGAATGAAGCGGATTATCACTGGCGGAAAGACCCAGAATTAGGTTTTTTCTCGCACATTG
TTGGGAACGGTTGCATCATGCAGGTAGGACCTGTTGATAATGGTGCCTGGGACGTTGGGGGCGGTTGGAAT GCTGAGACCTAT
GCAGCGGTTGAACTGATTGAAAGCCATTCAACCAAAGAAGAGT TCATGACGGACTACCGCCTTTATATCGAACTCTTACGCAA
TCTAGCAGATGAAGCAGGTTTGCCGAAAACGCTTGATACAGGGAGT TTACCTCCARTTAAARCECACCAGTATTGCACGAATA
ACCAACCAAACAACCACTCAGACCACGTTGACCCTTATCCATATCTTGCTAAATGGGGCATTAGCCGTGAGCAGTTTAAGCAT
GATATTGAGAACGGCTTGACGATTGAAACAGGCTGGCAGAAGAATGACACTGGCTACTGGTACGTACATTCAGACGGCTCTTA
TCCAAAAGACAAGTTTGAGAAAATCAATGGCACTTGGTACTACTTTGACAGT TCAGGCTATATGCTTGCAGACCGCTGGAGGA
AGCACACAGACGGCAACTGGTACTGGTTCGACAACTCAGGCGAAATGGCTACAGGCTGGAAGAAAATCGCTGATAAGTGGTAC
TATTTCAACGAAGAAGGTGCCATGAAGACAGGCTGGGTCAAGTACAAGGACACTTGGTACTACTTAGACGCTAAAGAAGGCGC
CATGGTATCAAATGCCTITTATCCAGTCAGCGGACGGAACAGGCTGGTACTACCTCAAACCAGACGGAACACTGGCAGACAGGC
CAGAATTCACAGTAGAGCCAGATGGCTTGATTACAG

ACGCAATCTAGCAGATGAAGCA — forward gPCR primer
GCCGAAAACGCTTGATACAGGGAG — JPCR probe

AccrccaATTAAAACGEACEA — reverse qPCR primer

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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Streptococcus pneumoniae — deteke pomoci PCR

350 -
300 -
250 +
200 -+
150 -
100 -+
50 -

50 0 10 20

pocCet cyklu

L1 — SP DNA 10 ng/ul

L2 — SP DNA 1 ng/ul

L3 —SP DNA 0.1 ng/ul

L4 —SP DNA 0.01 ng/ul
L5 —SP DNA 0.001 ng/ul
L6 —SP DNA 0.0001 ng/ul

=10 ng/ul

10

1

0,1
0,01
0,001

0,0001

DNA Concetration [ng/ul]

0,00001

40

' H20
50

=1 ng/ul
(.1 ng/ul
=== (0.01 ng/ul
e==(,001 ng/ul
e (),0001 ng/ul
0.00001 ng/ul

10

30

40

pocet cyklu

10 kB

3 kB

1 kB
0.5kB

i
-l

N
-

(9]
-l

q
-

Lo
-l

(]
-l

N~
-l

v

azi

PCR produkt (76 b

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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Streptococcus pneumoniae — deteke pomoci LAMP

> Streptococcus pneumoniae (strain TIGR4, serotype 4, LytA gene)
ATGGAAATTAATGTGAGTAAATTAAGAACAGATTTGCCTCAAGTCGGCGTGCAACCATATAGGCAAGTACACGCACACTCAAC
TGCGAATCCECATTCAACCGTACAGAATGAAGCGGATTATCACTGGCGGAAAGACCCAGAATTAGGT TT TT HCHCCOACATIC
r7666AACGET AR A ETAGEACCTC T TCATARTCCTCCCTCR . 5~ 15 - O e IEEARTERT -7 .~ 7.1
GCAGCGGTTGAACTGATTGAAAGCCATTCAACCAAAGAAGAGT TCATGACGGACTACCGCCTTTATATCGAACTCTTACGCAA
TCTAGCAGATGAAGCAGGTTTGCCGAAAACGCTTGATACAGGGAGT TTAGCTGGAAT TAAAACGCACGAGTATTGCACGAATA
ACCAACCAAACAACCACTCAGACCACGTTGACCCTTATCCATATCTTGCTAAATGGGGCATTAGCCGTGAGCAGTTTAAGCAT
GATATTGAGAACGGCTTGACGATTGAAACAGGCTGGCAGAAGAATGACACTGGCTACTGGTACGTACATTCAGACGGCTCTTA
TCCAAAAGACAAGT TTGAGAAAATCAATGGCACTTGGTACTACTTTGACAGTTCAGGCTATATGCTTGCAGACCGCTGGAGGA
AGCACACAGACGGCAACTGGTACTGGTTCGACAACTCAGGCGAAATGGCTACAGGCTGGAAGAAAATCGCTGATAAGTGGTAC
TATTTCAACGAAGAAGGTGCCATGAAGACAGGCTGGGTCAAGTACAAGGACACTTGGTACTACTTAGACGCTAAAGAAGGCGC
CATGGTATCAAATGCCTITTATCCAGTCAGCGGACGGAACAGGCTGGTACTACCTCAAACCAGACGGAACACTGGCAGACAGGC
CAGAATTCACAGTAGAGCCAGATGGCTTGATTACAG

5 LAMP primeru:

F3 F1cF2 (FIP primer) BA€B2 (FIB primer) BL B3c

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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Streptococcus pneumoniae — deteke pomoci LAMP

K1 — Warmstar pol. + LAMP primers, NO lysate DNA
o | — = L — stock con. ~150 ng/ul

| L1 — LAMP mix + SP DNA 10 ng/ul

L2 — LAMP mix + SP DNA 1 ng/ul

L3 — LAMP mix + SP DNA 0.1 ng/ul

L4 — LAMP mix + SP DNA 0.01 ng/ul

L5 — LAMP mix + SP DNA 0.001 ng/ul

L6 — LAMP mix + SP DNA 0.0001 ng/ul

I M < WO O ~
D < < e L e [ (R

10 kB

3 kB

1 kB
0.5 kB

0.1 kB

50 minut
Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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deteke pomoci LAMP

bakterie
“Btreptococcus pneumoniae
vHaemophilus influenzae
Staphylococcus aureus
Mycoplasma pneumoniae

viry

lidsky orthopneumovirus (respiratory syncytical virus, RSV)
virus chripky (influenza A a B)

virus zpusobujici COVID-19 (SARS-CoV-2)

Institucionarni podpora grantem 8F20011 Ministerstva Skolstvi, mladeze a télovychovy
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