Funkce proteinu
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Co potrebujeme k tomu, abychom monhli
studovat funkci proteinu?

*Znalosti

‘Metody

*Pocitat s postranslacni modifikaci

*Nespokojit se s jiz publikovanymi informacemi

Existence funkéné promiskuitnich proteinu
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—e 3. Zasobni

. Enzymy
ll. Protein-interakce s ligandem

lll. Protein-interakce s dalsim proteinem nebo DNA
V. Zasobni — zdroj energie, uhliku nebo dusiku.




Metody studia funkce proteinu

Dostatek znalosti o proteinu
Dostatek materialu
Zviditelneni proteinu

Kvalita proteinu
Hledani interakCniho partnera

Kvantifikace interakce

Detailni popis interakce

Bioinformatika

Exprese a purifikace proteinu
SDS-PAGE/Western blot/ fluorescencni a
elektronova mikroskopie/detekce aktivity enzymu na
gelu/MALDI/2D-PAGE

CD spektroskopie/méreni turbidity

Substratova specificita/Dvojhybridni kvasinkovy
system/vrstevni znacCeni/TAP tag technologie
Méreni kinetickych parametrl pomoci sprazenych
enzymovych reakci/radioaktivné znacCenych latek/
kosedimentace/

Krystalizace/NMR analyza/cilena mutageneze/
fizena evoluce/modifikace proteinu (fosforylace,
nitrosylace, glykosylace)/molekularni modelovani
proteindu.




Postranslacni modifikace proteinu.
(S,T,Y,H,D,K,R)

(pentosy, deoxyhexosy, hexosaminy, hexosy, N-acetylhexosaminy,
kyselina sialova)

‘Mastnymi kyselinami (myristoylace, stearoylace,farnesylace, palmitoylace,
geranylgeranylace, kyselina lipoova).

*Nitrosylace (C)

(C) — disulfidové mustky
*Methylace, formylace, acetylace
Deamidace (Q,N)/carboxylace (E/D) —p
*Biotinylace

*Pyroglutamova kyselina (QQ) -p




Chemicka stabilita fosforylovanych aminokyselin

Stabilita - prostiedi

Fosfoaminokyseliny \ . 1

Kyselé Zasadité
Fosfoserine oI5 =
Fosfothreonine - =E
Fosfotyrosine + +
Fosfoarginine — —
Fosfolysin — +

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




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

Enzyme

Enzyme class

MNormal activity

Promiscuous activity

proline aminopeptidase

metallohydrolase (two
Mn®t centers)

C—M hydrolysis in proline amides

P—F hydrolysis in diisopropyl fluocrophosphate

aminopeptidase

metallochydrolase (two
Zrtt centers)

C—N hydralysis in amides

P—0O hydrolysis in bis-p-nitrophenylphosphate

pyruvate Kinase

p-succinylbenzoate syn-
thase

methane monooxyge-
nase

plant steroyl acyl carrier
protein A® desaturase

cephalos porin C synthase
lipase, esterase
lipaze, chymotrypsin

subtilisin
lipase, trypsin

pepsin
asparaginase

epoxide hydrolase

oxynitrilase

aldolase catalytic anti-
body

serine hydroxymethyl-

transforase

pyruvate decarboxylase

metalloenzyme [T,

K, Mgt centers)
metalloenzyme (Mn*t
center)

non-herme diiron

non-heme diiren

metalloenzyme (non-

heme 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

pRosphoryl transter rrofm pho sphoe-
nolpyruvate

dehydration of 2-hydroxy-6-succinyl-
2 dcyclohexadiene 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 hydrolysis 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

SUITUTYl Eransrer rrom sufoenolpyruvate; also
phosphoryl transfer to fluoride, hydroxylamine,
or a-hydroxycarboxylic 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

f-lactarm hydrolysis
aldol addition or Michael addition

sulfinamide hydrolysis

oligomerization of (Si{CH,):(OEt);), dimeriza-
tion of Si(CH,),OCH,

sulfite hydrolysis

=N hydrolysis in P-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




Funkce proteinu
+ 1. Enzymaticka/ /
— 2. Receptorova/
3. Prepravni/ /
—e 4. Strukturni/ / /
5. Aktivni pohyb/ /
6. Hormonalni/ /

/. Obranna/ / /

V.
—e 8. Zasobni

. Enzymy
ll. Protein-interakce s ligandem

lll. Protein-interakce s dalsim proteinem nebo DNA
V. Zasobni — zdroj energie, uhliku nebo dusiku.




Skupina

Oxidoreduktazy

Transferazy

Hydrolazy

Lyazy

Isomerazy

Ligazy

Katalyzovana reakce

Katalyzuji reakci
oxidacnir/redukéni; prenasi
atom H nebo O z jedné
slou€eniny na druhou.

Prenasi funkCni skupinu z

Typicka reakce

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

jedné slouceniny na druhou.

Skupina muze byt methyl-,
acyl-, amino- nebo
fosfatova skupina

Vytvari hydrolyzou ze
substratu dva produkty.
Nehydrolytické pridani a

nebo odstranéni skupiny ze
substratu. C-C, C-N, C-O or

C-S mohou byt stépeny

Preskupeni uvnitf molekuly
— isomerizace.

AB+C —->A+BC

AB + H,O0 — AOH + BH

RCOCOOH — RCOH + CO,

AB — BA

Spojeni dvou molekul spolu

pomoci syntézy vazeb C-O
C-S,C-NorC-Cs
paralelnim uvolnénim ATP

Priklady enzymii
s trivialnimi
nazvy

Dehydrogenazy/
oxidazy

Transaminaza/
kinaza

Lipaza, amylaza,
peptidaza

Dekarboxylaza

Isomeraza/mutaza

'’ X+Y+ATP — XY + ADP + Pi Syntetaza




EC 3.2.1.21
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Comparison of metods for determining catalytic rates
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Program Origin

Viyhodnoceni kinetickych parametrt hydrolyzy zeatin-O-glukozidu
. =
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— l‘rvv' Model: Km,kcat
A v
>- Chi*2/DoF = 0.06605
RA2 = 0.95738
Km  697.4338 +41.30139
- kcat  4.58546 +0.08916
" K., = Michaelisova konstant
y S « K., = rychlost katalyzy (Cislo premeény)
0 * K../K,, = konstanta specificity
| ' | ! | ' | ! | ' | !
0 2000 4000 6000 8000 10000
E = enzym
S = substrat (¢ ZOG uM)
ES = enzyme-substrat komplex (pfechodny stav)
P = prOdUKt Pavel Mazura







Navrh mutageneze
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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




Vicenasobna mutantni analyza enzymu
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Vzdalena-UV spektra cirkularniho dichroismu
divokého typu a jeho mutant P2, P3 and P4.

P2 (F193A, F200K, W373K, F461L)
P3 (F193A, F200K, W373K, F461L, T189V, D256S, M258A, A462D)

P4 (F193A, F200K, W373K, F461L, F189V, D256S, M258A, A462D, Q188W, R331F, P372A, E466A )

Radka Fohlerova




Molekularni modelovani enzym-substrat komplexu

Pohled do aktivhiho mista mutantu F193A (a) s a (b)
vazbou substratu (v tomto pripade se jedna o MUG).

Petr Jerabek




Kinetické parametery puvodni 3-glukosidazy a jejich mutantu

pNPGlc
Enzyme K keat kcat/Km relative
efficiency
WT 0.68 +£0.03 42.80 £0.56 63.0 100.0 This work
F200K 3.50+0.22 2.43 +£0.05 0.7 1.1 This work
W373K  2.10+£0.21 0.63 +£0.02 0.3 0.5 HIEERONK
F461L 0.65+0.05 4927+ 1.15 75.8 120.3 Tl vl
F193A  0.045+£0.0035 0.22+0.003 4.9 7.8 This work
F193V 0 0 0 0 Verdoucq et al. 2003
F1931 1.76£0.06 0.84 0.48 1 Zouhar et al. 2001
F193Y 1.294+0.01 17.3 13.6 21.5 Zouhar et al. 2001
F193W 1.61+0.17 31 19.5 30.9 Zouhar et al. 2001
MUG
WT 0.148+0.013 53.60+ 1.09 362.16 100.000 Tl warle
F200K  1.510+0.101 1.87+£0.05 1.24 0.342 Linls
W373K  1.736 £0.125 0.22+0.01 0.127 0.035 Tlats il
F461L 0.164+0.019 70.88+2.16 432.19 119.337 LLnls
F193A  0.120+0.012 1.29+0.04 10.75 2.968 This work
F193V 0.23+0.1 3.4+0.8 14.8 4.1 Verdoucq et al. 2003
F1931 1.23+0.08 23.2+0.86 18.9 5.2 unpulﬁi"stﬁzﬁlrztszh
F193Y 1.22+0.24 68.4+4.9 56.1 15.5 unpugiostlleélr?sih
F193W 1.34+0.015 34+1.78 25.4 7.0 Rotrekl et al,

unpublished result




E. coli neindukované

[PTG 100uM

Pavel Mazura
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Dimerova forma 120 kDa

Monomerni forma 60 kDa

Native western blot
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Radka Fohlerova




Srovnani rostlinych beta-glukosidaz

mai ze LLENG EPYV Tl FEMDVPQA LEEKYGGFLD KSHKSI VED
Dhurri nase LLENG EPYI TI FEBWDTPQA LVEAYGGFLD E. .. RI | KD
Avena LI ENG KPYl TLFBRWDTPQA LADKYNDFLD R. .. Rl VKD
oat LI ENG KPYl TLFERWDTPQA LADEYKDFLD R. .. RI VKD
Secal e LI RHA VPYV TI TPQA LEDKYGGFLD K. .. Q VND
Prunus LKSNDI EPLV TLFEVWDVPQA LEEKYGGVLS P. .. Rl VDD
amygdal i n | LRNGLKPFV TI LPQA LEDEYGGFLS P. .. N VDH
Cost us LLKNG RPW TLFBVWDVPQA LEDSYKGFRS S. .. El VND
Furost. glyc. 26-0O b-gluc Costus LLKNG RPW TLFBVWDVPQA LEDSYKGFRS S. . . El VND
Arab. thal. 6-P-beta gal act. LLSKGE KPFA Tl FEMDTPQD LEDAYGGFRG A. . . El VND
Arab. thal. put b-glucosid LLSKGE KPFA Tl FRMWDTPQD LEDAYGGFRG A. . . El VND
Arab. thal. b-glucosid 1 LLSKA KPFA Tl FEWDTPQS LEDAYGGFFG A. . . El VND
Arab. thal. b-glucosid 2 LLSKGE KPFA Tl FEMWDTPQS LEDAYGGFLG A. .. El VND
Arab. thal. b-glucosid 3 LLSKA KPFA TMFEVWDTPQA LEDAYGGFRG A. . . El VND
Arab. thal. b-glucosid |ike prot LI SKGVKPFV TLFBWDLPDA LENAYGGLLG D. .. EFVND
Arab. thal. anygdalin |ike prot LI SNG RPLV TLFEWDTPQA LEDEYGGFLN P. .. Q VKD
Arab. thal. b-glucosid 4 LVANG EPSM TL HPQS LEDEYGG-LS P... Q VED
Arab. thal. b-glucosid 5 LI ANG QPSV TL HPQA LEDEYGG-LN P...Q I ED
Ar thal hydr. O gl ycosyl conp. LI ENG KPRV TI | PQA LDDEYGSFLS P...RII DD
Arab. thal. 6-P-beta gal act LLANEI TPLV Tl FBVWDI PQD LEDEYGGFLS E... Q| DD
Arab. thal. anygdalin |ike prot LLAKG EPYV TL LPQA LHDRYLGW.N P...Q I ND

Predpokladana uloha of Arg83, His119, Arg170, a His176 pri G6Pazovém reakénim
mechanismu
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IN-HSQC spectra
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Blanka Pekarova
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AHPZN :

AHPR
AHP2
AHP3
AHP5
AHP4
1AHP
AHPG6

AHPZNV :

AHPR
AHP2
AHP3
AHP5
AHP4
1AHP
AHP6

Proteiny AHP z Arabidopsis thaliana

L1 L2

GGTPGEV
GGIPGFVS
G- SPBFVS
- SPBFV

VVTLE
VVTLE
VLSLEFE
VVTLEE

NAAA- - - AL
SAAA- - - AL
L- 1 AQL
TL- | AQL

QL NAL LSSVFASGL
QL TALLSSVFSQGL

QFRBYT! SLYQQGFL
FTI SLYJQGFL

QFQQL QVL
QFQQL QVL
OF TEL JL
OF TEL BlL

F

VNT| VWAQL QQFQBY! VSLYQQGFL BNQFSEL Bl OBEC- TPBFVAEVVSL FF s LI NTVSI SL
Y | [ ———— GEVQGYL BEQFMEL EEL QBBA- NPNFVEEVSAL YF L1 NNI BQAL

SLQBYTHSLFLEG! LESQFLQLQQL QBES- NPBFVSQVVILFF | LNBLSLSL
NLGLGV-QI Q!. ﬁlLLASLF.!gGVL QFLQLQQLQBET- SPNFVYBVI NI YF LLNCRLLL

P FV V 65f d 466 6 L

S G 6D QF 2L LQd
)

* 160
AY GSSASVCGA |QA----QQ------
AY GSSASVCGA | QAYBPEQG- - - - - -
AS GSSSSVG - 1 1 QAGGI VPQ
SS GSSSSVG - | VQACGRl PQ
SG GSSSSVG - | LQAGGT| PQ
SY GSSTS| GASHVEAECTTFREYCRAGNAEGCLRTFQOLEEENST L RN BBYFQASQ- - - - - - - - - - - - - - - - - :
P GSSSSI GA L TLFLBCQ- | VASGGVI PAVEL GE
LBLNQLVGSSSSI G LFQLIQQ.ILAAGV.YPN -----

| KGSS S6CGA 4Vv4 C f4 | eqq i
AHF1  17.6 kKDa AHF4 147 KDa
AHFZ  17.4 kDa AHFS  17.9 kKDa

AHP3 17.5 kDa AHPG  17.6 kDa

76
76
78
78
79
64
75
79

145
149
156
155
157
127
154
154




AHP1 | AHP2 | AHP3 | AHP4 | AHPS | AHPG6
8 % 0 76 % 0
73 % | 100% 0 91 %
1% | 78 % | 100% 81 %

Radka Dopitova







Vysledky purifikace AHPS proteinu

50 mM Tris pH7,9
0,5M Nacl 500 mM
imidazol
Gistota:
4,5% % %
5CV S _
20 mM
imidazol

50 mM Tris pH7,9 v_ ,
0,5M Nacl 500 mM Cistota: |
imidazol 15% |
- i
- Il
20 mM | - pras
imidazol \ Radka Dopitova




20 mM
imidazol

500 mM
imidazol

20 CV

Cistota:

Radka Dopitova




Hemoglobin a jeho funkce v transportu kysliku

HC=CH, CH,

Bézny hemoglobin dospélého Cloveka (HbA)
se sklada ze 4 podjednotek, dvou alfa (a) a
dvou beta (). Kazda podjednotka je tvorena
bilkovinnou Casti — a prostetickou
(nebilkovinnou) Casti —




Hlavni funkci hemoglobinu je prenos kysliku z plic do tkani a zpétny
odvod oxidu uhliciteho z tkani do plic.

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

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).

Bohruv efekt je soubor jevl vychazejici ze skuteénosti, ze
oxyhemoglobin je silngjSi kyselina(pK,=6,2), nez deoxyhemoglobin
(pK,=7,8).lVe tkanich vlivem buné&ného dychani vznika vétsi mnozstvi
oxidu uhlicitého, ktery reaguje s vodou (za pritomnosti karbonat-
dehydrogenasy) na kyselinu uhli€itou. Kyselina uhliCita dale disociuje na
hydrogenkarbonatovy anion a vodikovy kation (proton). Tim se snizuje
pH v tkanich (= roste pocet H+ iontu).

+ CO, + H,0 — H,CO, — HCO; + H*




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

Expozice Hb nitroslouc¢eninam
Nitroslouceniny (napf. fedidla, dusiChany v potravé nebo v pitné vodé)
zpusobuji oxidaci Fe2+ na Fe3+ a vznika tak modry methemoglobin.

Expozice Hb glukéze

Glykovany hemoglobin (HbA,.) vznika neenzymovou glykaci bilkovinneho
casti hemoglobinu na aminokyselinach N-terminalnim valinu a lysinovych
zbytcich.

Expozice Hb ve vysoké nadmoriské vysce

Pro prenos 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 dédicnych chorob, pri niz je na 6. pozici v [3-
retézci valin misto glutamove kyseliny (vznika HbS). HbS ma oproti HbA
rigidni tvar, a tudiz nemuze dobfre prochazet skrz uzké kapilary, které
nasledné ucpava. Srpkovita anémie postihuje prevazné ¢ernosskou populaci,
protoze nositelé jsou chranéni proti nebezpeCnym formam malarie.
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Intermediarni filamenta: Vimentin

Rod domain




Deficience Plektinu zpusobuje Epidermolysis bullosa




Cytoskeleton

Plectin

Intermediate filaments
Microtubules

Actin filaments
Myosin filaments
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Plectin

N-terminal domain

1 315 848-905
MTBD ABD M1 domain
EI@?’.“ ——
SH3
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MAP2/1
MAP2/2
MAP2/3
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Kd of Plectin (Ex 1-24) for actin
Kd of Plectin (R5) for vimentin (IF)
Kd of Plectin (Ex 2-8) for integrin beta 4

Kd for microtubules in case of MAP2

320 nM
100 nM
170 nM

1-3 uM

rod

(Ex 2-8) 25uM

C-terminal domain

2518

2739

3067

Y 6
RDs Linker  Module > P

PlecMouse IAAAQSSKGYYSPYSVSGSGSTAGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPSASLGGPESAVA
PlecHamst ~ AAAQSSKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPPASLGGPESAVA
PlecHuman  AAAQSTKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASSPPASLGGPESAVA
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2.5 yM MAP2c + Tub + SH3 6+7.3.2006

— S S et G Gt D e s GRS

0.5 uM MAP2¢ + Tub +SH3 7+9.5.2006

—e— MAP2c sup
—=— Tubulin pel

—a— %sup Map2c
—e— %pellet Tubulin
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40 4
30 -
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MAP2c +/+ MAP2c -/-

Fluorescencni
mikroskopie

MAB2c + SH3 +/+ MAP2c + SH3 -/-




== Microtubule ® Tubulin subunit \ Crosslinking protein
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Y Cyloplasmicdynein | Katanin = Centrosome
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i | MAPs competing with Qﬁ!m
Kinesin —§, rnn-l::-r-hk'rdlrg sites. on MT 3{

Nature Reviews | Molecular Cell Biology
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Kd of Plectin (Ex 1-24) for actin
Kd of Plectin (R5) for vimentin (IF)
Kd of Plectin (Ex 2-8) for integrin beta 4

Kd for microtubules in case of MAP2

320 nM
100 nM
170 nM

1-3 uM

rod
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C-terminal domain

2518

2739

3067

Y 6
RDs Linker  Module > P

PlecMouse IAAAQSSKGYYSPYSVSGSGSTAGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPSASLGGPESAVA
PlecHamst ~ AAAQSSKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPPASLGGPESAVA
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C-koncova domeéna Plektinu

® Sest modull C-koncové domény
Plektinu, které jsou spojeny méne
konzervativnim spojovaci sekvenci

® modul samotny je tvoren 38
aminokyselinami (2x19) opakované




Cytoskeleton

Plectin

Intermediate filaments
Microtubules

Actin filaments
Myosin filaments




Electronova mikr

% ®8e

Electronovd mikroskopie : Vimentin+R5/ 100:1

. 2
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Nitrosylace NO

(konzervativni sekvence: -2: G,S,T,C,Y,N,Q; -1: KR,H,D,E; 0: C; +1: D,E)
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Funkce proteinu
%’ 1. Enzymaticka/ /
— 2. Receptorova/
3. Prepravni/ /
—e 4. Strukturni/ / /
5. Aktivni pohyb/
6. Hormonalni/ /

/. Obranna/ / /

1

IV.
—e 8. Zasobni

. Enzymy
ll. Protein-interakce s ligandem

lll. Protein-interakce s dalsim proteinem nebo DNA
V. Zasobni — zdroj energie, uhliku nebo dusiku.




Kinesin se pohybuje striktné podél mikrotubulll smérem
k periferii bufiky (anterogradni smér).

Dynein ma tendenci se otacet kolem mikrotubulti po povrchu
smérem od periferie bunky (retrogradni smér).
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IV.
—e 8. Zasobni

. Enzymy
ll. Protein-interakce s ligandem

lll. Protein-interakce s dalsim proteinem nebo DNA
V. Zasobni — zdroj energie, uhliku nebo dusiku.
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Funkce proteinu
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Funkce proteinu
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. Enzymy
ll. Protein-interakce s ligandem

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




Hydrophohic core

kappa ¢ :4

boydrophobic casein submicelles
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