


Co potrebujeme k tomu, abychom monhli
studovat funkci proteinu?

sDostatek informaci

*VVhodné metody

*Pocitat s postranslacni modifikaci

*Nespokojit se s jiz publikovanymi informacemi

*Pocitat s existence vice-funkcnich proteinu



ni/hormony/regulace

7. Obranna/specializovana/imunitni system/transkrip¢ni
regulace

—e 8. Zasobni

V.




Metody studia funkce proteinu

Dostatek znalosti o proteinu Bioinformatika (analyza proteinu, prace s literaturou)
Funkéni protein Exprese a purifikace proteinu
Zviditelnéni proteinu SDS-PAGE/Western blot/ fluorescenéni a

elektronova mikroskopie/detekce aktivity enzymu na
gelu/MALDI/2D-PAGE

Kvalita proteinu CD spektroskopie/méreni turbidity/DLS

Hledani interakéniho partnera Substratova specificita/Dvojhybridni kvasinkovy
system/vrstevni znaceni/imunoprecipitace/TAP tag
technologie

Kvantifikace interakce Méreni kinetickych parametril pomoci spfazenych

enzymovych reakci/radioaktivné znacenych latek/
kosedimentace/nepfima ELISA

Detailni popis interakce Krystalizace/NMR analyza/cilena mutageneze/
fizena evoluce/modifikace proteinu (fosforylace,
nitrosylace, glykosylace)/molekularni modelovani
proteind.



*Glykosylace

\Ce, acetylace

sDeamidace (Q,N)/carboxylace (E/D) —p
*Biotinylace

*Pyroglutamova kyselina (QQ) -p



+,stabilni fosfoaminokyseliny; —, labilni fosfoaminokyseliny

O-fosfat

N-fosfat

Fosfolysin

Acyl-fosfat

Klumpp, S.; Krieglstein, J. Eur. J. Biochem. 2002, 269, 1067.



Table 1: Selected examples of catalytic promiscuity in a single enzyme.

Enzyme

Enzyme class

Mormal activity

Promiscuous activity

proline aminopeptidase

metallohydrolase [two
Mn*t centers)

C—M hydrolysis in proline amides

P—F hydrolysis in diisopropyl fluorophosphate

metallohydrolase (two

methane monooxyge-
nase

plant steroyl acyl carrier
protein A desaturase

cephalos porin C synthase

lipase, esterase
lipase, chymotrypsin

subtilisin
lipase, trypsin

pepsin
asparaginase

epoxide hydrolase

oxynitrilase

aldolase catalytic anti-
body

serine hydroxymethyl-
transferase

pyruvate decarboxylase

TTetallGeEnzy e
K*, Mg'* centers)

metalloenzyme (Mn*t
center)

non-heme diiron
non-heme diiron
metallognzyme (non-
herme Fe center, 2-oxo-
glutarate-dependant)
serine hydrolase

serine hydrolase

serine hydrolase
serine esterase

aspartate hydrolase
Thr-Lys-Asp triad

Asp-His-Asp triad

Ser-His-Asp triad
Lys

pyridoxal-dependent

thiamine-dependent

C—M hydrelysis in amides

phosphoryl transter Trom phosphoe-
nol pyruvate

dehydration of Z-hydroxy-6-succinyl-
2 4-cyclohexadiene carboxylate
hydroxylation of methane

desaturation of the C9—C10 link in
stearic acid to give oleic acid

oxidative ring expansion of the five-
membered ring to a six-membered,
hydroxylation of a methyl group
ester hydrolysis

triglyceride or peptide hydrolysis

peptide hydrolysis
triglyceride or peptide hydrolysis

amide hydrolysis

C—MN hydrelysis in asparagine to give
aspartate

hydrolysis of epoxides with inversion
of configuration

addition of cyanide to aldehydes
aldol reaction

transfer of C; of serine to tetrahydrop-
teroylglutamate

decarboxylation of pyruvate

F—0O hydrolysis in bis-p-nitrophenylphosphate

phosphoryl transfer to fluoride, hydroxylamine,
or «t-hyd roxycarboxylic acids
racemization of N-acylamino acids

epoxidation, N-oxide formation, dehalogenation,
desaturation of benzylic substrates
sulfoxidation of 9-thia or 10-thia analogues of
stearate and the hydroxylation of 9-fluoro ana-
logues

one of the two normal activities

p-lactam hydrolysis
aldal addition or Michael addition

sulfinamide hydrolysis

oligomerization of (Si(CH,)(OEt);), dimeriza-
tion of 5i(CH,);OCH,

sulfite hydrolysis

=N hydrolysis in f-cyancalanine to give aspar-
tate

hydrolysis of epoxides with retention of config-
uration

addition of cyanide to imines

Kemp elimination

threonine retroaldol reaction, decarboxylation of
aminomalonate, racemization of alanine, trans-
amination of alanine and pyruvate

acyloin condensation of acetaldehyde and ben-

zaldehyde




. Enzymy
Il. Protein-interakce s ligandem

Ill. Protein-interakce s dalSim proteinem nebo DNA
I\VV. Zasobni — zdroj energie, uhliku nebo dusiku.




Priklady enzym
Skupina Katalyzovana reakce Typicka reakce S trivialnimi
nazvy
Katalyzuji reakci
oxida¢ni/redukéni; prenasi
Oxidoreduktazy atom H nebo O z jedné
slouceniny na druhou.
Prenasi funk&ni skupinu z
jedné slouceniny na druhou.
Skupina mdze byt methyl-, AB+C — A+ BC
acyl-, amino- nebo
fosfatova skupina
Vytvafi hydrolyzou ze
Hydrolazy substratu dva produkty.
Nehydrolytické pfidani a
nebo odstranéni skupiny ze
Lyazy substratu. C-C, C-N, C-O or
C-S mohou byt Stépeny

AH+B —>A+BH
(redukce )
A+ O — AO (oxidace)

Dehydrogenazy/
oxidazy

Transaminaza/

Transferazy kinaza

Lipaza, amylaza,

AB + H,O — AOH + BH iy
peptidaza

RCOCOOH — RCOH + CO, Dekarboxylaza

Preskupeni uvniti molekuly

) : ) AB — BA Isomeradza/mutaza
Isomerazy — Isomerizace.

Spojeni dvou molekul spolu

pomoci syntézy vazeb C-O,
Ligazy C-S,C-NorC-Cs

paralelnim uvolnénim ATP

X + Y+ ATP — XY + ADP + Pi Syntetaza
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Comparison of metods for determining catalytic rate
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Viyhodnoceni kinetickych parametrd hydrolyzy zeatin-O-glukozidu
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RA2 = 0.95738
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Navrh mutageneze

P2 (F193A, F200K, W373K, F461L)

P3 (F193A, F200K, W373K, F461L, )

P4 (F193A, F200K, W373K, F461L, , Q188W, R331F, P372A, E466A )
F193A, F200K, W373K, F461L

Jifi Damborsky a Pavel Mazura
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divokého typu a jeho mutant P2, P3 and P4.
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P3 (F193A, F200K, W373K, F461L, T189V, D256S, M258 A, A462D)

P4 (F193A, F200K, W373K, F461L, F189V, D256S, M258 A, A462D, Q188W, R331F, P372A, E466A)

Radka Fohlerova



Pohled do aktivniho mista mutantu F193A (a) s a (b)
vazbou substratu (vtomto p Fipadé se jedna o MUG).

Petr Jerabek
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E. coli neindukované

IPTG 100uM

Pavel Mazura




Radka Fohlerova



Dimerova forma 120 kDa

Monomerni forma 60 kDa

Native western blot
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Enzymy
Il. Protein-interakce s ligandem

Ill. Protein-interakce s dalSim proteinem nebo DNA
I\VV. Zasobni — zdroj energie, uhliku nebo dusiku.
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I5N-HSQC spectra
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Enzymy
Il. Protein-interakce s ligandem

Ill. Protein-interakce s dalSim proteinem nebo DNA
I\VV. Zasobni — zdroj energie, uhliku nebo dusiku.




AHPZN
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AHP3
AHPS5
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Proteiny AHP z Arabidopsis thaliana
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Vysledky exprese AHP protein Vv E. coli

B .
0 81% | 51 %

Radka Dopitova







1. Afinitni chromatografie— His trap kolona

50 mM Tris pH7,9 i
0,5M Nacl 500 mM Cistota:
imidazol 15%
'.
20 mM \ \ ey
imidazol Radka Dopitova
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Hemoglobin a jeho funkce v transportu kysliku
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Bézny hemoglobin dospélého Clovéka (HbA)
se sklada ze 4 podjednotek, dvou alfa (a) a
dvou beta (). Kazda podjednotka je tvofena
bilkovinnou ¢asti — a prostetickou
(nebilkovinnou) ¢asti —




Hlavni funkci hemoglobinu je prenos kysliku z plic do tkani a zpétny
odvod oxidu uhli¢iteho z tkani do plic.

Kazdy ze 4 Fe?* iontll hemu reverzibilné (vratné) vaze molekulu kysliku.
Schopnost navazani O, a ztrata CO, na zeleznatém ionu je umérny
parcialnimu tlaku dychacich plyna.

Parcialni tlak kysliku v plicnich alveolach je asi 13-15 kPa a ve venozni
krvi ve tkanich je > 5 kPa (hypoxie pod 3,5 kPa).

Bohrlv efekt je soubor jevl vychazejici ze skute¢nosti, ze
oxyhemoglobin je silngjSi kyselina(pK,=6,2), nez deoxyhemoglobin
(pK,=7,8).Ve tkanich vlivem buné&ného dychani vznika vétSi mnozstvi
oxidu uhli¢iteho, ktery reaguje s vodou (za pritomnosti karbonat-
dehydrogenasy) na kyselinu uhli€itou. Kyselina uhliita dale disociuje na
hydrogenkarbonatovy anion a vodikovy kation (proton). Tim se snizuje
pH v tkanich (= roste pocet H+ iontd).

. CO, + H,0 — H,CO; — HCO4 + H*



Expozice Hb oxidu uhelnatemu
Pri otravé oxidem uhelnatym (CO) vznika karbonylhemoglobin

Expozice Hb nitroslou €éeninam
Nitroslou€eniny (napf. fedidla, dusi¢nany v potravé nebo v pitné vodeé)
zpusobuji oxidaci Fe2+ na Fe3+ a vznika tak modry methemoglobin.

Expozice Hb glukéze

Glykovany hemoglobin (HbA,.) vznikd neenzymovou glykaci bilkovinného
¢asti hemoglobinu na aminokyselinach N-terminalnim valinu a lysinovych
zbytcich.

Expozice Hb ve vysoké nadmo fské vySce

Pro pfenos kysliku je dulezity jeho parcialni tlak ve vdechovaném vzduchu
(normalné 21 kPa ve vzduchu, 13 kPa v alveolach). Klesne-li tlak O, pod
kritickou hodnotu 3,5 kPa, dojde k hypoxii a nasledné k porucham funkce
mozku.

Srpkova anémie

Srpkova anémie je jedna z dédiénych chorob, pfi niz je na 6. pozici v [3-
fetézci valin misto glutamoveé kyseliny (vznika HbS). HbS ma oproti HbA
rigidni tvar, a tudiz nemuze dobre prochazet skrz uzke kapilary, které
nasledné ucpava. Srpkovita anémie postihuje prevazné ¢ernoSskou populaci,
protoze nositelé jsou chranéni proti nebezpeénym formam malarie.



. Enzymy
Il. Protein-interakce s ligandem

lll. Protein-interakce s dalSim proteinem nebo DNA
I\VV. Zasobni — zdroj energie, uhliku nebo dusiku.
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Intermediarni filamenta: Vimentin

Rod domain







Cytoskeleton

Plectin

Intermediate filaments
Microtubules

Actin filaments
Myosin filaments
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Plectin

N-terminal domain rod C-terminal domain
1 315 848-905 1392 2518 4589
ABD M1 domain
MTBD 2739 3067 IFBD
E'@?” et iy J2y 3 34 5

SH3

| —
Taut K TENLKHaP Y 6
Tau2 T L G | HH K P S 25
Tau3 Q L D I THV P :
N b ol kvyar RDs Linker  Module T s
MAP2/2 T L K | RHRP [ 1
MAP23 A Q LDINAHHVP PlecMouse  JAAAQSSKGYYSPYSVSGSGSTAGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPSASLGGPESAVA
Plecic il P K TR srRR s PlecHamst  AAAQSSKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPPASLGGPESAVA
PlecHuman AAAQSTKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASSPPASLGGPESAVA
Kd of Plectin (Ex 1-24) for actin 320 nM (Ex 2-8) 25uM
Kd of Plectin (R5) for vimentin (IF) 100 nM

Kd of Plectin (Ex 2-8) for integrin beta4 170 nM

Kd for microtubules in case of MAP2 1-3 uM
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MTPs + 16-24 (0.15 mg/ml)

MTPs + 16-24 (0.6 mg/ml)

100

200 300 400 500 600 700 800 900 1000




2.5 UM MAP2c + Tub + SH3 6+7.3.2006

0.5 uM MAP2c + Tub +SH3 7+9.5.2006




MAP2c +/+ MAP2c -/-

Fluorescencni
mikroskopie

MAP2c - SHS = /+ MAP2c + SH3 /-




=== Microtubule ® Tubulin subunit \ Crosslinking protein

A
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Plectin

N-terminal domain rod C-terminal domain
1 315 848-905 1392 2518 4589
ABD M1 domain
MTBD 2739 3067 IFBD
E'@?” et iy J2y 3 34 5

SH3
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Tau2 T L G | HH K P S 25
Tau3 Q L D I THV P :
N b ol kvyar RDs Linker  Module T s
MAP2/2 T L K | RHRP [ 1
MAP23 A Q LDINAHHVP PlecMouse  JAAAQSSKGYYSPYSVSGSGSTAGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPSASLGGPESAVA
Plecic il P K TR srRR s PlecHamst  AAAQSSKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPPASLGGPESAVA
PlecHuman AAAQSTKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASSPPASLGGPESAVA
Kd of Plectin (Ex 1-24) for actin 320 nM (Ex 2-8) 25uM
Kd of Plectin (R5) for vimentin (IF) 100 nM

Kd of Plectin (Ex 2-8) for integrin beta4 170 nM

Kd for microtubules in case of MAP2 1-3 uM
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® Sest moduld C-koncové domény
Plektinu, které jsou spojeny méné
konzervativnim spojovaci sekvenci
® modul samotny je tvofen 38
aminokyselinami (2x19) opakovanée
pét krat.




Cytoskeleton

Plectin

Intermediate filaments
Microtubules

Actin filaments
Myosin filaments



Electronova mikrosk
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Nitrosylace NO

(konzervativni sekvence: -2: G,S,T,C,Y,N,Q; -1: K,R,H,D,E; O:
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. Enzymy
Il. Protein-interakce s ligandem

lll. Protein-interakce s dalSim proteinem nebo DNA
I\VV. Zasobni — zdroj energie, uhliku nebo dusiku.




Kinesin se pohybuje striktné podél mikrotubul smérem
k periferii buriky (anterogradni smér).

Dynein ma tendenci se otacet kolem mikrotubuld po povrchu
smérem od periferie buriky (retrogradni smeér).
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ANTIBODY DOMAIN STRUCTURE







Enzymy
Il. Protein-interakce s ligandem

Ill. Protein-interakce s dalSim proteinem nebo DNA
I\VV. Zasobni — zdroj energie, uhliku nebo dusiku.




Hydrophohic core
kappa casein surface

hydrophohic casein submicelles
& CGQ{F'DICEI 4 cluster

kappa casein submicelles



