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Regulaéni mechanismy
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prostorm é usporadani

A. na urovni bunlﬂ

/yhumor:ilni - hormony

B. na irovni organu - specializace —>neuralni - nervy

imunologicka - Ig




Regulace na enzymove urovni - rychla odezva

o Michaelisovskou kinetikou — hexokinasa Km 10* M
~ glukokinasa Km 10 mM

o Inhibici produktem

Glu

—

|

hexokinasa

—» Glu-6-P




o Zpétnou vazbou - allosterie negativni x pozitivni

o Ridicimi enzymy v cyklech - citratovy cyklus - [CDH

- glykolysa PFK

o Kovalenti modifikaci - proteasy
~ fosforylasa A B

— trombin




Regulace zpéetnou vazbou
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Symetricky model
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Sekvencni model
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Allosterie hemoglobinu
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Vazba O, na Hb
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Mb + O,

Hb versus Mb
Hb + 0, == HH0:)

/3 Hb(O:) + O; == EO-k
Hb(O,); + 0 == HNOu)
Hb(0.); + 0; == EO-k




Solné mustky

Asn G4 (102)
ane m g {94}

oxygenation

(a/ T State (deoxy) (b) R State (oxy)




Bohruv effekt — vliv H* a CO,,

'::af';.lfl_ L) 3 = Hb(Os),41 + xH

C. + HHO == H" + HCO




Bohruv effekt — vliv H* a CO,,
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Bohruv effekt — vliv H* a CO,,

& Sad Blood Call in Capillanies of Tissues

C0s = COs + HsQ
B calls of fissues / carbonic anhydrase

HoCOs & Hb{Oa)y

{

HCOy #——= HCOy + H'Hb + 40 = = (s

Ceabma lo ogils of hssues




Bohruv effekt — vliv H* a CO,,

& #ad Blopd Cadl in Capillaries of Lung
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1¢ carbonic anhydrase .':; |n mamma IS
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Viiv BPG




Vliiv BPG a nadmorska vyska
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Vliiv BPG a nadmorska vyska




Fetalni versus normalni Hb
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Fetalni versus normalni Hb
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Regulace kovalentni modifikaci
glykogenfosforylasa

Many activated

g2lucose molecules
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#u |II
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Regulace kovalentni modifikaci
glykogenfosforylasa




faludek

slinivka brisni

Aktivace zvmogeni

pepsinogen — pepsin
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Regulace kovalentni modifikaci
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Regulace na urovni NK — indukce a represe — pomala odezva

JACOB MONOD (1961) operonovy model

Regulace hladiny enzymu v burce

¢ Oper ON - skupina strukturnich gent
DNA koordinované regulovanych
promotorem a operatorem

R egulatoronsy
gen

Struktura @e operonu

T N

strukturni geny

I | [ ] ]
B galaktozidaza transacylaza
F'Dr;;nrap;toﬂ: permaza

S L~




Regulace hladiny enzymu v burice

Promotor - oblast pobliZ genu, kde se
vaze RNApolymerasa

Regulatorovy gen - gen produkujici
represor

Operator - misto vazby represoru




Regulace na urovni NK — indukce a represe — pomala odezva

JACOB MONOD (1961) operonovy model
{a) bez induktoru

operator -

represor Se vakge na operator
a brini transkripci lacoperonu

represor
(b) s induktoraem

r [ = | - e
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f-mRNA lac-mRBNA

[ T
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induktor | B-galaktosidasa

M permeasa

@ > acetyltransferasa

komplex induktoru transkripce a
S represorem se nevdze translace struk-
na operitor

turnich genda lac




Regulace na urovni NK — indukce a represe — pomala odezva

Ctyfi kroky, ve kterych muze byt regulovana
exprese eukaryontnich genu

JADRO CYTOSOL regulace
regulace proteinové
primarni ' translace aktivity
__ transkript - L O R () A
DNA RNA  ___ _mRNA=" ___ mRNA Broioin—. Reastival
1 5 protein
transkripéni kontrola )
kontrola zpracovani jaderny por
RNA

" jaderny obal
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Prostorove usporadani

o Kompartmentace - mitochondrie - foxidace, citratovy

cvklus, respirace

- cytoplasma - glyko

vsa, synthesa

mastnych kyselin

o Transportni systemy - ATPasa

- karnitinovy cyklus




Humoralni regulace

Endokrinni systém - zlazy s nitrni sekreci — hormony

BAYLISS, STARLING (1904) - hormony

Chemické slozeni - NO, AMK, peptidy, bilkoviny, steroidy,

k.arachidonova




Hormony
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vyssi mozkova centra
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Receptory pro hormony

Steroidy-tyroidni hormony

TretEptn bikoving
i
. i X [ Jromen
MhEF
Sunetna membrong | I | | | I [ '\l\

[ .1'11'] IR ¢

o et @_*

bufikg f c;:}“
=)
éf?

|
| [.‘I"‘d-. o %
|
% jofro

‘.'.','I'l,h-'.-.T[ Ll

Indkovang q bumec ng
fall bt (1 dxwer ,J
- e S———

—




Inzulin

NH3 NHJ
domeéna bohata
na cystein
u-fetézec
NHY NHI
| 1

p-rfetérec —

plasmaticka I |

membrana CoO™ CoOo™

P tyrosinkinasy

CoOO™




/

bunecrg -‘f:_:-_arnr,-l
l‘h:!p‘.n:tﬂ' HL tncllvtl'.'ilr!',‘)

\\ BUABLAA mem brara




Druzi poslove
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ATP » -AMP




G-proteiny
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Fosfatidylinositol-4,5-bisfosfat




Hormony

Thyroxin - celkova stimulace metabolismu
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Hormony

 adrenalin, noradrenalin (regulace odbouravani
glykogenu ve svalech)

¢ Tyr - DOPA — dopamin — noradrenalin —
adrenalin

OH OH
OH : | OH : A OH
OH e, OH "Fe o on : NH,
CH,

Adrenalin Moradrenalin Dopamin




Metabolismus sacharidu

* Regulace syntézy a odbouravani glykogenu

— adrenalin (sval), glukagon (jatra)

Adrenalin
Glukagon

c-AMP 44— ATF
Proteinkinaza

ATP

Fosfarylaza b Fosforylaza a

S

giykogen  glukosa-1-P
H4PO




e Inzulin
e Mr 11,5 kDs

Hormony

Insulin




 Efekt mzulinu

Hormony

— Jatra: hromadéni glukosy uvnitt bunék -
syntéza glykogenu

» Efekt glukagonu

— regulace odbouravani glykogenu v jatrech
(nizka hladina glukosy stimuluje sekreci
glukagonu - fosforolyza, stimulace lipas

adipocytu))




Hormony

* Diabetes mellitus
— nizky pomér inzulin/glukagon, hladina
glukosy 15 mM, vyluc¢ovani modci

— blokovani an. glykolyzy, stimulace
glukoneogeneze

— mobilizace tuku, tvorba ketolatek




Hormony
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Hormony

Steroidni hormony
— cholesterol — pregnenolon (monooxygenasy
mitochondrii)
 kura nadledvinek (aldosteron, kortisol)

« pohlavni Zlazy, placenta (progesteron, testosteron,
etstradiol)




Hormony
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Hormony
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NO jako hormon
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Nervovy vzruch
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instantanecus view at =0

propagation
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Vedeni nervoveho vzruchu

{A) propagation










Synapse

RESTING ACTIVATED
NERVE TERMINAL NERVE TERMINAL

|

presynaptic

nerve terminal VOLTAGE-GATED
neurotransmitter Ca?* CHANNEL
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nerve
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signal)
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cleft receptor released (chemical
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Imunochemie




ZAKLADNI UKOLY IMUNITNIHO
SYSTEMU

» OBRANA PROTI PATOGENU

« ODSTRANOVANI ABNORMALNICH BUNEK
(NADOROVYCH, POSKOZENYCH,
INFIKOVANYCH...)




BUNKY IMUNITNIHO SYSTEMU:

RUZNE TYPY BILYCH KRVINEK (LEUKOCYTU):

MONOCYTY, MAKROFAGY, GRANULOCYTY,
LYMFOCYTY...




ZBRANE IMUNITNIHO SYSTEMU:

Fagocyty (poziraji mikroby)
Komplement
Protilatky
NK-bunky (zabijeji infikované a nadorove bunky)
T-lymfocyty (nekolik typu)




Imunitni odpoved

 Bunécna imunita — T-lymfocyty
 Humoralni imunita — B-lymfocyty

Spustena interakci s antigenem




T-LYMFOCYTY:

VZNIKAJI V BRZLIKU (THYMU)

ROZEZNAVAJI HLAVNE FRAGMENTY
(VNITROBUNECNYCH) PROTEINU NA
POVRCHU JINYCH BUNEK

UCEL: DETEKCE BUNEK INFIKOVANYCH
“SKRYTYMI” INTRACELULARNIMI PARAZITY
(napr. VIRY)




TLYMEFOCYTY:

POMOCNE TYPU 1 (POMAHAJI VYVOLAVAT
ZANET)

POMOCNE TYPU 2 (POMAHAJI JINYM
BUNKAM (B LYMFOCYTUM) DELAT
PROTILATKY)

CYTOTOXICKE (ZABIJEJi INFIKOVANE
BUNKY, ABY SE NESTALY ZDROJEM
INFEKCE)




T LYMFOCYTY:
DULEZITE FUNKCNI SUBPOPULACE

!




B- LYMFOCYTY:

VZNIKAJI V KOSTNI DRENI

VYRABEJI PROTILATKY (VETSINOU ZA
VYDATNE POMOCI T-LYMFOCYTU)




VZNIK REPERTOARU B
LYMFOCYTU

1111111

1111111




TABLE 35-2

[sotypes of Homan Immunoglobulins

Subunit Molecular

Class Heavy Chain Light Chain Structure Mass (kD)

IgA” a < OT A (etaken) 0 360-720
(ctahp), J°

gD b K O A G415 160
LR

IgE E K O A Eqkg 190
Ealn

[gG” ~  OT A Vaks 150
Yaha

[gM i K O A { pLatea )] 950

(H2hy)s]




Figure 24-32. Molecular Biology of the Cell, 4th Edition.




antigen-binding
sites

i heavy chain

Y

=y

/
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= disulfide bond

Figure 24-23. Molecular Biology of the Cell, 4th Edition.




i Heavy
chains
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IgA dimer




PROTILATKY:

OBALI MIKROORGANISMY A ZNEMOZNI
JIM NASEDNOUT NA BUNKY

OBALENE MIKROORGANISMY JSOU
.CHUTNEJSI“ PRO FAGOCYTY
(POZIRACE MIKROBU)




foreign Viruses bacteria
molecules

252% AN
2 coge N

i | j
ANTIBODIES FORM AGGREGATES

antibody and antigen special proteins in
aggregates are ingested Bloodd kill antibody-
by phagocytic cells coated bacteria or viruseas




ANTIGENY

Anti = proti (Fecky)
gen = od gegnomai tvorit

Makromolekularni latky prirozeného nebo umélého pavodu,
které organismus rozpozna jako cizi (nevlastni).

Po vpraveni do vhodného (komplementarniho) organismu,
antigeny stimuluji tvorbu protilatek, lymfokind, regulaénich
a vykonnych T-lymfocytl, ¢imz se navodi imunitni odpovéd.




Priprava polyklonalnich protilatek

e d

Inject antigen A take blood later

o

amount of anti-A
antibodies in blood

4 time

I= =
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Priprava monoklonalnich protilatek

Inject mouse
with protein X

oy
|
N \_,5
d

o @
Mutant mﬂusm/- O

myeloma cells
unable to grow
in HAT

Some mouse lymphocytes
from spleen (blue)
make antibody to X

Mix and fuse cells,

transfer to HAT medium




Priprava monoklonalnich protilatek

Mix and fuse cells,
transfer to HAT medium

Hybridomas
drow

Culture single

Test each well for antibody
to protein X




Imunochemicke metody

 RIA

(radioimunoanalyza)
Q Q U Q Q Protilatka

@ QO @ B Bikovina

@ou@
) () (o -




Imunochemicke metody

 (ELISA- enzyme linked immunosorbent assay)

Q U U U Q Protilitka
@ UQ (5 B Bikwina

H. Protilatka
U Q Znacena enzymem




