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* ukoly

» chemické slozky potravy

* piehled travicich soustav zivoc¢icht

« travici trubice €lovéka

« anatomie

« funkce jednotlivych oddila
» absorpéni faze

* jatra

casti uvedené v Sedivém poli
jsou doplikové informace ...




Ukoly



Zakladni funkce travici soustavy

enzymaticky rozlozit makromolekularni slozky potravy
slozité sacharidy, bilkoviny, tuky ...

na jednoduché latky
cukry, mastné kyseliny, aminokyseliny ...

jez poté vstupuji do metabolismu zivocicha
jako zdroj energie a stavebnich kamenu pro vystavbu viastniho téla




Potrava

sacharidy, proteiny, lipidy



Sacharidy (glycidy)

* monosacharidy - zakladni cukerné jednotky (glukéza, galaktéza, fruktéza ...)

* oligosacharidy - nejéastéji di a tri-sacharidické latky (sacharéza, laktéza, trehaléza, maltéza ...)

* polysacharidy - zasobni latky rostlin:  Skrob, inulin, pektiny
- bunééné stény rostlin: celuléza
- zasobni latky zivocichu: glykogen
- kutikula €lenovci: chitin
- extracelularni matrix: glykosylované proteiny
- stény bakterii: peptidoglykany
* nejvyznamnéjsi jsou: Skrob, celuléza, glykogen

tarch
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- zakladem vsech je molekula glukézy

* mezi molekulami glukézy jsou vSak razné vazby




Sacharidy (glycidy)

* typ vazby (a také druh vazanych cukri) uréuje substratovou specificitu enzymu

» Skrob

CH,0H

a 1,4 vazby Skrobu

Skrobova
zrna

» celuléza

o amylaza

* glykogen (zivocisny skrob)

CH,OH CH,OH
o
H

o
OH o)
.0 0 .0 0
| |a-1,6
HO CH, CH,0H HO' CH,

0 0 0

OH @14 OH OH

.0 0 0 0...

OH OH ;44 OH

CHyOH

R 1,4 vazby celulézy

celulaza

a 1,4 vazby glykogenu o amylaza
a 1,6 vazby glykogenu y amylaza (lysozomalni a glukosidaza)

glykogenové
rizice




Bilkoviny (proteiny)

* aminokyseliny - zakladni jednotky (alanin, glycin, glutamin, serin, ... 20 zakladnich struktur ...)

» peptidy - kratké fetézce aminokyselin

* proteiny - zakladni strukturni i funkéni souéasti vSech zivych tél

- vétsinou dlouhé, ale nevétvené retézce aminokyselin

Amino acid Amino acid
H—N—E—,—— _E_ﬁ_OH
+ jednotlivé aminokyseliny spojuje peptidicka vazba
H,0

Polypeptide chain

i
H o GE « komplexita vyssich strukturnich urovni proteinu ...

p-pleated
amino acids sheet a-helix




Bilkoviny (proteiny)
 peptidicka vazba je vzdy stejna

* jeji pozice v molekule a druh vazanych aminokyselin urcuje specificitu enzymu

Endopeptidase

+Ha0 Tp %
Phe
Tyr Tyr Ala
Hy COOH

Fhs Arg Met Gly

Leu Lys Leu Sor
+ 1 1
HJI-CR - CONH . CONM - CR - CONH - T~ CONMH - CR - CONH L CONH - CR - CONH C - CONH -CR- COOH
@@ @—coon 000000 0 @ oo F 4 / / /
pepsin trypsin chymotrypsin elastase

substratova specifita travicich proteinaz
je urCena aminokyselinou ...

endo- vs. exo- peptidazy



Tuky (lipidy) FZ-4

* mastné kyseliny - zakladni jednotky (k. olejova, k. linoleova ... )

* lipidické tridy - zasobni latky: triglyceridy
- bunééné membrany: fosfolipidy
- povrchy: vosky

- cela rada dalSich latek ... steroly

* hydrofébni komplexy - lipidy charakterizuje schopnost hydrofébni interakce mezi molekulami

- jde o nevazebné interakce, zalozené na hydrofébnim efektu

LIPID DROPLET

Water Water
Phospholipids

Sterol

J)—Hydrophilic
“heads”

Hydrophobic
fatty acid “tails”

~)—Hydrophilic
“heads”

biologické membrany
tukové kapénky




Tuky (lipidy)

* prvnim krokem traveni lipidi musi byt naruseni hydrofébnich interakci

Fat Globule

Hydrophobic  Hydrophilic Side

Side

—b\G/—b @

Bile Salt

Emulsified
Droplets

emulgace lipidd (tukové kapénky)

detergentni latky:
soli zlu€ovych kyselin
(bile salts)




Tuky (lipidy)

« druhym krokem je enzymaticky rozklad

triglyceridy
mastné kyseliny

» lipazy odstépuji mastné kyseliny
od zakladu molekuly (glycerol)

fosfolipidy

« fosfo-lipazy odstépuji mastné kyseliny
od zakladu molekuly (glycerol)

PLA1l
R _/\/\/\/\/\/\_Cf_CHZ .

R, —\/\/\/\/\/\/_ %”4%

PL AZ



Mono-sacharidy a di-sacharidy v rostlinné a zivo¢iSné potravée

GLASSIFICATION OF CARBOHYDRATES

CARBOHYIDRATES
Y ¥ 5
Saccharides Polysaccharides HOH.C
(Sugars) (Complex sugars) 2
Physical | _ * Low molecular weight * High molecular weight H C 0
Properties * Soluble in water * Insoluble in water l
* Sweet Lo taste * Tasteless H C OH
Composi- | Monos!ccharides Disaczharides l I Ribose(furanose ring form)
tion Simple sugars Double sugars Multiple sugars H C OH
Diagram |
matic [ g - - sﬁ\‘#x H c oH
represen- 1_ _1 l
tation Glycosidic bond . H
-ee = OH
General H
fromula [~ (CH,0), }',V="§Qo7 Ci2M2,04 Cx(H0),
Common Glyceraldehyde, Glucose Maltose,Sucrose Starch, Glycogen
examples [ fructose, Galactose, Lactose Cellulose, Lignin, Chitir
Ribose sugar Ribose {open chain form) Deoxyribose (furanose ring forr
H &CH,OH sCH.,OH
H (0] I2 l2
AR C &O | i< LR O sC o
1 | H —1(|: L 1 H
Hi—C—0H H—C—OH o (s
(|Z 0 (l: —0 | | |
. HO—C— H | |
HO (|I H HO_(I: H | H OH Lactose
— C—OH HO—C— H
= T H—ie—GH |
2 c
Maltose ..', éH
[o}
¢ CH,OH
B Sucrose 0 i 2

Glucose{Pyranose form)

Fructosei{Furanose form)

Galactose(Pyaranose form)




Polysacharidy v rostlinné a zivoc¢iSné potravé FZ -4

ta rCh CHp0H CHp0H CHp0H HO OH o— 1
H O H H O H H O H ®
i [ i [} H H H .
i . . . . "N oI\ o IN 8 CH,0H
s O ) O )

H OH H OH H OH O

ellulose a 1-4 vazby Skrobu CHOH
09.05090“ (a také pektinu a glykogenu) o
Glycogen i SN L N 6

B 0-d 55;@@ oo
' H OH H OH H OH (@l—4)-linked D-glucose units
G‘ G‘ 3 1-4 vazby celulézy

(nerozpustnost ve vodeé)
(inerce vuci amylazam)

* struktury Skrobu nebo glykogenu
jsou stoCené a vytvafi zrna C&i rlZice

» Skrob (amylose) je linearni

Galacturonic acid
vazby a 1-4 -
( y ) = Methylated galacturonic acid
. i .. | < Amidated galacturonic acid
« amylopektin ma navic vétveni cocecdplegegoce Din P & Rhamnose
(pfes vazby a 1-6), \ e Arabinose or galactose
podobné ja ko g|ykogen s Xylose (high content in apple pectin
(jen méné Cetné a komplexni)

* celuléza je linearni
(vazby R 1-4)
* glykogen = "zivociSny
amylopektin”
« pektin je heteropolysacharid ~ Methylated galacturonic acid

(zaklad tvofi vazby a 1-4 mezi
molekulami kys. galakturonové) Galacturonic acid



Polysacharidy v rostlinné a zivo€isné potrave

» chitin (N-acetyl glukosamin)

FZ- 4

* je heteropolysacharid ktery je vedle celul6zy druhy nejrozSifenéjSi na Zemi (bezobratli, houby, silylace)

« zaklad tvofi vazby 3 1-4 mezi molekulami glukdzy, které nesou acetamidovou skupinu

» vazby jsou rozkladany chitinazami, jejichz aktivitu najdeme jak u bakterii, rostlin tak u mnohych zivocichu

véetné Clovéka

(c) Chitin
CH
| ® __—N-acetyl
Glucosamine C==0 grou
P
CH,0OH ta 1-4 H N—H CH,OH

glycosidic bond

o) H

H

—H CH,OH

Chitin

* chitinazy jsou v lidském zaludku ale také v krvi (!), kde patrné hraji roli pfi obrané proti parazitarnim

a bakterialnim infekcim

« zivoCiSné chitinazy maji pH optimum v kyselé oblasti (pH 3.5 — 7.0)



Polysacharidy v rostlinné a zivo€isné potrave

* glykosylované proteiny

;
o g
e
& R ed
el
i et X
S
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» vétSina membranovych a sekretovanych proteinu
je u eukaryotickych organismu glykosylovana =
opatfena cukernymi fetézci v ER a Golgiho aparatu

* O-glykosidy jsou vazany pfes Ser/Thr
* N-glykosidy pres Asn

* glykosidicka slozka je Casto vétvena a nékdy je
vétSi (mnohem vétsi) nez sam protein ...

H;C— C—NH e COO- H,C — C —NH S COO-
I NeuAc [ i} NeuGc
£ OH HO =0 OH

kyselina
N-glykolylneuraminova

kyselina
N-acetylneuraminova

CH,OH CH,OH
I |
HE=OH HE = Ok
| |
HC — OH HC — OH

OH * OH

na terminalech glykosidickych fetézcul se

Casto nachazi kys. sialova (acetylneuraminova),
ktera byva soucasti antigennich struktur a
zaroven nese zaporny naboj (na pyruvatovem
zbytku), ¢imz dava povrchu bunék zaporny
naboj, ktery se ucastni transportu kationtu ...

vétsSina savcl ma enzym pro konverzi acetylové
skupiny na skupinu glykolylovou (—NeuGc)
primati (v€etné lidi) tento enzym ztratili, pfesto
NeuGc ziskavaiji z potravy, a NeuGc zakoncCuje
ca. 10-50% vSech glykosidickych fetézcu

bohatym zdrojem NeuGc jsou "Cerveneé" maso,
syry a kaviar

imunitni systém Clovéka napada "cizorodé"
NeuGc a zpUsobuje chronické zanéty, jez
posléze mohou vyvolat nadory (tlustého stfeva)



Polysacharidy v rostlinné a zivo€isné potrave

* glykosylované proteiny

N-Acetyl-B-D-
B-D-Galactose galactosarlﬂme Gua

A/ B-D-Galactose
} E i B-D-Glucose
O:< E :
; ; \_-O
NANA

OH

OH HOwee

HO " o~/
NANA = NH

~ OH

o}

N-Acetyl-a-neuraminidate

Sphingosine
Stearic acid

» struktury tfi typickych gangliosidt (GM1, GM2, GM3)

» vyskyt zejména v nervové tkani (tvofi ca. 6% celkovych
fosolipidu plazmatické membrany)

» koncetrace v raftovych strukturach

* vyznam pfi modulaci signalnich drah, percepci extracelu-
larnich signalnich molekul (peptidickych hormonu),
imunitni reakci ...



Lysozym: enzymaticky rozklad bakterialnich stén

@ N-Acetyl Glucosamine (NAG)

@ N-Acetyl Muramic acid (NAM)

..--r..- Two tetrapeptide chains crosslinked by
peptide

Peptidoglycan layers

Plasma membrane showing lipid
bilayer

Bacteruim showing outer cell wall
and inner plasma membrane

* peptidoglykany tvofi bakterialni stény (zejména)
gram-pozitivnich bakterii

+ lysozym Stépi vazby mezi NAG a NAM ...

NAG NAM



Prehled
travicich
soustav



Zakladni typy traveni

» evoluce sméruje k jednosmérné travici trubici se specializovanymi oddily

Golgi body

Food vacuole

™ Lysosome

Digestive :
chamber

INTRACELLULAR/
EXTRACELLULAR
o DIGESTION

Intestine

EXTRACELLULAR
DIGESTION

* intracelularni traveni
- napf. prvoci
- enzymaticky rozklad zivin probiha
uvnitf specializovanych
potravnich vakuol
- (v lysozémech probiha hlavné rozklad
télu-vlastnich proteint a lipida)

 prechodné typy a kombinace

- napf. zahavci (lacka)

- vytvafri se travici dutina/kanal
muze zde dochazet k mechanickému
zpracovani potravy, u vyssich bezobratlych
se muze pfidavat jiz i enzymaticky rozklad

- vlastni rozklad potravy je Casto
predevsim intracelularni

 extracelularni traveni
- poprvé pasnice, plosténci
- rozklad potravy probiha v travicim kanalu,
kudy potrava postupuje jednosmérné a
do néjz jsou sekretovany travici enzymy



Prechodny typ traveni u milzi FZ - 4

« kombinace intra- a extra-celularniho tréveni

* otacCejici se zelatinova ,tyCka“
‘ Extracellular digestion by . . - i
Gesicshiekl, style enzymes (crystalline style) naviji mukozni
Stomach vlakno s potravou a zaroven drti

potravu tfrenim oproti zaludeCnimu
Crystallme style Stltu (gaStrIC Shleld)

» dochazi zde k extracelularnimu

Mucus strand

with food traveni (pfedevsim) amylazou
Style sac with
cilia driving
turning of style
Certain ciliary tracts bring KEY
e ey food particles into each
E_plthe?hum of digestive digestive diverticulum, —> Motion driven
diverticulym whereas other ciliary tracts B by cilia
v Digestive carry waste particles out of Food particle
Blood L f digest 8 et
i dilj/r;-i'ré:;]m;ges T diverticula the diverticulum. ® Waste particle

* pohyb cilii (fasinek) vhani potravu do
S andthe waste travicich vyb&zka, kde je potrava ab-
L particles are returned ) . ,
to the lumen of the sorbovana fago- a pan-CytOZOU do
diverticulum for

ultimate defecation. bunék, kde pokracuje intracelularni
traveni

Intracellular digestion in an
epithelial cell of a digestive
diverticulum

After food particles are
digested within a cell,
the useful digestion
products enter the
blood...




Travici trubice bezobratlych

* plosténci * mékkysi * hmyz
(primitivni pfedozabry plz) (Svab)
Buccal ‘““‘i\ Rotating
vl L rotostyle
Tentacle =~ ) cavity M{J P g -
Eyes ¢ ) Pharynx —+ |
4L salivary yme—t
Mouth \’”’ glands - Esophagus
Pharynx 1 5 Esophageal gk
% 7 lands /
Major S ¢ 9
Adhesive typhlosole B

fermis disk

Lateral branch
of enteron

ititial

Main part

Branches of of enteron

enteron

(
‘1 | Esophagus Proventriculus

ceca
\ Malpighian
- tubules

g

\ e
Lo Midgut

~ —Hindgut
Rectal pads <\;/«— Rectum
i

L=

* evoluéné primitivni
travici trubice

« gastrovaskularni systém,
zajisStuje traveni a zaroven

rozvod zivin (jakasi kombinace

* velka rozmanitost stavby u ,vysSich“ bezobratlych
v zavislosti na fylogenezi a typu potravy

 néktefi bezobratli (korysi, mékkysi, ostnokoZzci) maji
specializovany sekreCni organ — digestivni zlazu —

systému traviciho a obéhového) hepatopankreas, ktera &asto spojuje funkce, jez u

» sleparamena

obratlovcu zastavaji jatra, slinivka a tukova tkan




Travici trubice clenovcu

» porovnani situace u hmyzu a korys

”

Co

(a) Insect

(b) Crus

Mouth

Esophagus

Ceca

Malpighian

Anus

Anterior
stomach
chamber

Posterior
stomach

Proventriculus ~ chamber

W

tacean

that those parts of the digestive system are lined with cuticle

The tan-colored lining in the foregut and hindgut symbolizes
(continuous with the integumentary cuticle).

In crustaceans, the cuticle of the
anterior stomach chamber
sometimes bears ridges or
teeth that act as cutting
structures when the chamber

functions as

a gastric mill.

>~Foregut

f The cuticle of the posterior
stomach chamber bears fine
cuticular bristles (setae) that
strain materials on their way to

the midgut.

>Midgut

>Hindgut

* pfedni a zadni stfevo jsou vystlany
kutikulou, ktera je u obou skupin sviékana

* U obou skupin se vytvafi rizné postranni vybézky
(divertikuly, céky) s ruznou funkci
(absorbce zivin, sekrece a exkrece)

* korysi (také néktefi mékkysi,
ostnokozci) maji specializovany
sekrec€ni organ — digestivni Zlazu,
neboli slinivko-jaterni Zlazu
— hepatopankreas)

» metabolické funkce jater
zastava u hmyzu tukove téleso



Hepatopankreas — slinivkojaterni zlaza FZ -4

 spojuje funkce streva, slinivky, jater a tukové tkané

| Pachygapsus
crassipes

_ _ po odstranéni
‘(nrmpracf’ f 5 karaanU

po odstranéni
epidermis

P

=

 u dekapodnich korySu se jedna o dva postranni vybézky
(divertikuly) stfedniho stfeva, které maji houbovitou
strukturu, protkanou kanalky

« drobné ¢astecky potravy vstupuji do slepych kanalku
Zlazy pres filtr

 bunky zlazy sekretuji travici enzymy, absorbuji ziviny,
ale také endocytuji potravu a intracelularné ji travi,
zbytky po intracelularnim traveni sekretuji exocytézou

» kromé toho bunky hepatopankreatu skladuji glykogen,
tuk a vapnik, maji silnou metabolickou aktivitu,
popfipadé mohou slouzit k depozici téZkych kovu

* ostravek pankreatické tkané vrostly do jaterni
tkané u ryby ( = rybi hepatopankreas )
* stejny nazev — Uplné jina zalezitost (skutecna slinivka)




Travici trubice obratlovcu

« obecna stavba travici trubice obratlovcu

. . Bile duct
predni ¢ast \
ustni dutina .
itan Pancreatic duct N |

jicen
zaludek
Pylorus { 5
Duodenum — %
zadni ¢ast

tenké stfevo
tlusté stfevo
slepé strfevo
konecnik

ca____ Esophagus

Fundus of
T2 stomach

Stomach

Colon

[fleum

* travici trakt koCky



Travici trubice obratlovcu FZ - 4
Cr, crop (vole) Sl, small intestine (tenké stfevo)
» evoluéni trend ke slozitosti a specializaci E, esophagus (hitan) C, cecum (slepé stfevo)

PA, pyloric appendices LI, large intestine (tlusté stfevo)

St, stomach (Zaludek) B, bladder (mo€ovy méchyfr)
Cyclostomes Elasmobranchs Teleost fishes Amphibians Birds Mammals
(hadfish) (shark) (bass) (frog) (pigeon) (human)

e

—————————————————————————— - ———————_ —r—— & ST ~ - v |
s e . |
o o g iy b st gienr - Y
et & e

o

'\e s

| ;"‘& gizzard,

ventriculus
(svalnaty)

in cyclostomes and most fishes,
pancreas is placed either in the wall of
the gut or it makes islets in the liver tissue

gallbladder
is missing
in some birds (pigeons, ostrichs, parrots)

« rozmanitost v zavislosti na potravé * pritomnost specializovanych organu:
- zFetelné anatomické ¢lenéni - jatra (L, liver) a zlucnik (G, gallbladder)
« funkéni rozrdznéni jednotlivych oddilt - slinivka (P, pancreas)




Modifikace travici trubice obratlovcu

* spiralovité ileum

néktefi zraloci, rejnoci, bichifi

A spiral valve is the lower portion of the intestine.

A modification of the ileum, the spiral valve is internally
twisted or coiled to increase the surface area of the intestine, to increase
nutrient absorption.

The intestines of a shark are much shorter than those of mammals.
Sharks have compensated for this problem by having a spiral valve,

or a scroll valve, inside the intestine to increase the absorbent surface
of the intestine. By keeping digestible material in the ileum for an
extended period of time maximum nutrient absorption is ensured.

For this reason, many sharks and related fish feed very infrequently.
The food passes into the comparatively short colon of the shark almost
fully digested, and then out the cloaca and vent.



http://en.wikipedia.org/wiki/Gastrointestinal_tract
http://en.wikipedia.org/wiki/Ileum
http://en.wikipedia.org/wiki/Digest
http://en.wikipedia.org/wiki/Fish
http://en.wikipedia.org/wiki/Colon_(anatomy)
http://en.wikipedia.org/wiki/Cloaca
http://en.wikipedia.org/wiki/Vent

Modifikace travici trubice savcu:

* slozeny zaludek

* pfezvykavci (Ruminantia) (jeleni, zirafy, tufi, ovce)
* hrosi a velbloudi maji podobné ¢lenéné zaludky

SPUSTIT ANIMACI

» zvétSeny rumen s pomalym prichodem potravy a hojnymi symbionty
maji take jini bylozravci: lenochodi, dugongove, klokani, opice ...

Esophagus

sphincter

Reticuloruminal
fold

Reticulo-
omasal
sphincter

Reticulum

i
Omasum

Abomasum
(true stomach)

A. Stomach of a cow

Gastroesophageal :
" . bachor -

. anaerobni
\. fermentace

butyrat-

i

Pylorus

Rumen

=;:propionét al

Predzaludky:

* bachor (rumen)(ca 100L
- fermentace

* Cepec (reticulum)
* pokracuje fermentace
* regurgitace (prezvykani

* kniha (omasum)

« vstfrebavani vody

 pruchod ,listy“ pouze
pro malé ¢astice

« vstiebavani org. kyselin

* Zpétna resorpce
mocoviny

Pravy zaludek

* slez (abomasum)

* traveni proteint

* hlavnim zdrojem jsou
proteiny symbiontt



Metan: produkt travicich procest x globalni zmény klimatu FZ - 4

Archaea
Volume 2010 (2010), Article ID 945785, 11 pages
http://dx.doi.org/10.1155/2010/945785

Review Article
Methanogens: Methane Producers of the Rumen and Mitigation Strategies
Sarah E. Hook,1 André-Denis G. Wright,2 and Brian W. McBridel

Methane and Ruminants

Greenhouse gases such as carbon dioxide, methane, nitrous oxide, and ozone contribute to climate change and global warming through their absorption

of infrared radiation in the atmosphere. Methane is classified as a trace gas and is estimated to have a total global concentration of 1774 + 1.8 partsO

per billion (ppb), with a total increase of 11 ppb since 1998 [9]. Methane is an especially potent trace gas due to its global warming potential, 25 times that
of carbon dioxide, and its 12-year atmospheric lifetime; it is the second largest anthropogenic greenhouse gas, behind carbon dioxide . Also, methane

is able to increase ozone in the tropospheric region of the atmosphere where the greenhouse effect occurs, and increase stratospheric water vapour,

both of which can add to the radiative force of the gas by approximately 70%. Globally, 50-60% of methane emissions are from the agricultural sector,
specifically from livestock production operations; the principal source of methane is from ruminant animals.

Domesticated ruminants, such as cattle, sheep, and goats produce as much as 86 million metric tonnes (Tg) of methane per year. Approximately
18.9 Tg are from dairy cattle, 55.9 Tg are from beef cattle, and 9.5 Tg are from sheep and goats . Data from Johnson and Ward, estimates the

global yearly methane contribution of buffalo to be 6.2—8.1 Tg, 0.9—-1.1 Tg from camels, and methane production within the hindgut of pigs and horses
to be approximately 0.9-1.0 Tg and 1.7 Tg, respectively.

Methane is produced in the rumen as a product of normal fermentation of feedstuffs. Although methane production can also occur in the lower
gastrointestinal tract, as in nonruminants, 89% of methane emitted from ruminants is produced in the rumen and exhaled through the mouth and nose.
As methane is exhaled into the atmosphere, the ruminant suffers a loss of ingested feed-derived energy of approximately 2—12%, depending upon

the diet.



Slozeny zaludek

« zabira velkou €ast brisni dutiny prezvykavcl

Intestine © Omasum

S

© Rumen © Abomasum © Reticulum

 bachor velkych druhu turovitych maze obsahovat az 300 L potravy a symbiontd



Slozeny zaludek ovce FZ - 4

Rumen of a sheep from left.

1 Atrium ruminis, 2 Saccus dorsalis,
3 Saccus ventralis, 4 Recessus
ruminis, 5 Saccus cecus
caudodorsalis, 6 Saccus cecus
caudoventralis, 7 Sulcus cranialis,
8 Sulcus longitudinalis sinister,

9 Sulcus coronarius dorsalis,

10 Sulcus coronarius ventralis,

11 Sulcus caudalis, 12 Sulcus
accessorius sinister, 13 Insula
ruminis, 14 Sulcus ruminoreticularis,
15 Reticulum, 16 Abomasum,

17 Esophagus, 18 Spleen.

- funkce:

« v rumenu dochazi ke Stépeni rostlinnych polysacharidt (Skrob, pektin, celul6za, hemiceluléza) pomoci
mikrobialnich enzymu. Jednoduché cukry jsou transportovany dovnitf bakterialnich bunék a anaerobné
Stépeny na laktat a dalSi produkty (protozoa potom endocytuji celé bakterie a travi je)

« uvolfiuji se plyny (CO, a molekularni vodik), molekularni vodik je vyuzit symbiotickymi Archaea pro redukci
CO, az na metan CH,; plyny z vétsi ¢asti odchazeji ,horem® pfi procesu eruktace (odfihnuti)

» podobné jsou traveny také proteiny na peptidy a aminokyseliny (slouzi k ristu a mnozeni symbiont),
je-li dusik v nadbytku, mohou byt proteiny rozkladany az na ¢pavek

 odpadni moc€ovina muZze byt recyklovana zpét z krve do bachoru, kde je zdrojem dusiku pro tvorbu NH,
a jeho inkorporaci do bilkovin mikrobialnich tél

» do potravy skotu se proto pfidava mocovina jako zdroj dusiku pro symbionty

» pH v bachoru, ¢epci a knize je slabé kyselé (ca. 5.5 — 6.5)

» pH slezu je silné kyselé (ca. 2 — 4), zabiji mikroorganismy a funguje tak jako germicidni filtr



Archaeal methanogenesis
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Modifikace travici trubice savcu:

» fermentory v zadnim stievé

* pracuji na podobném principu jako slozeny Zaludek

» fermentace celulézy za pomoci symbiont(

Caecum

sl

intestine

Rectum

* lichokopytnici (konoviti, nosorozci, tapifi)
(na obr. zebra)
« zvétSené tlusté a slepé stievo
* ucinnost je pouze ca. 70%
oproti pfezvykavcim
(chybi recyklace moc€oviny v bachoru a
kysely rozklad mikrobialnich proteinu ve slézu)

 néktefi hlodavci (na obr. kapybara)
zajicovci a sloni

 zvétSené slepé strevo

* hlodavci zvySuji vyuziti potravy koprofagii

» podobny fermentor maji také nékteri
byloZravi ptaci (dva laloky slepého stfeva)



Travici
trubice
cloveka




Funkcni anatomie travici trubice clovéka

Zakladni ¢clenéni

Salivary Gland

Esophagus

Liver

Stomach

Gallbladder
Duodenum

lleum
(small intestine)

Colon

Caecum

Appendix

dutina ustni rozmélnéni potravy
ovihéeni
antiseptické latky
zacina traveni sacharidu
zaludek rozmélnéni a promiseni potrav
kyselé prostredi
antiseptické latky
zacina traveni proteinu
dvanactnik alkalinizace traveniny, vstup zlugi
emulgace lipidu
vstup slinivkovych st’av
vtup 1. varky travicich enzymu
laénik vstup 2. varky travicich enzymu
traveni sacharidi, protein, lipidu
absorpce zivin
kycelnik absorbce zivin

re-absorpce zluéovych kyselil

=

tlusté strevo

balance elektrolytti a vody
traveni celulézy (symbionti

~—~




Dutina ustni
 mechanické zpracovani

 smiseni se slinami

y,

/

/ \
\
/
y . Parotid Cj nd

C ?
Y
NS (,,
- ‘i\Submand\ular Gland
Sublingual Gland\ ‘

S,
\\

* slinné Zlazy
priusni, podcelistni, podjazykova
* produkuji 0,75 az 1,5 L denneée

mucin

« glykosylovany protein
* silné hydrofilni
« tvori kluzky, slizky povrch

- latky obsazené ve slinach:

* voda
* jonty

» mucus (hlen)

« antiseptika

98 - 99 %, pH 6.5

Na+ (2-20 mmol/L), K+ (10-40)
Ca++, Mg++, Cl-, HCO;-
mucin

mukopolysacharidy
thiokyanat

H,O,

imunoglobulin A

> enzymy a-amylaza (ptyalin) — Skroby
lysozym — bakteriolyza
jazykova lipaza — pH opt. 4.0
o —amylaza (glykosidaza) 6 6
Oy H O
« traveni Skrobu (amylozy) 1 & 4
glykogenu, amylopektinu
- hydrolyza vazeb typu a(1-4)  Glycosidase H20

Skrobu, pektinu a glykogenu
za vzniku kratSich fetézcu
Skrobu (dextrinll) a finalné
az maltdzy (a isomaltozy)

-

I
Oy O
OH HO




Funkcni anatomie travici trubice clovéka

Hltan

Nasopharynx |l
Oropharynx [N
Laryngopharynx [l

\._,»»

)\ Sup., mid., inf.

meatus

B Hard palate
Incisive Soft palate
canal
Maxilla — — Uwula
Lingual tonsils
3 v 1 _ Epiglottis
Mandible—= By

»

Genioglossus m.
Vocal fold
Thyroid

Mylohyoid m. cart.
Geniohyoid m:

Hyoid bone Cricoid

/ cart.
Hyoepiglotic lig.

Hltan je trubice v pfedni Casti travici soustavy
zivoC€ichl. Nékdy vznika vchlipenim okraju ustni
dutiny jiz u Zzahavcu. Objevuje se také za ustnim
otvorem plostének nebo u vifnikd (zde se nazyva
mastax, je silny a osvaleny a slouzi ke zvykani).
Hltan se v urcité podobé vyskytuje u vétsiny
rozvinutéjSich zivocichl a samozifejmé i u
strunatcl. U vodnich paryb a ryb je perforovan
Zzabrami.

Lidsky hltan je trubice nalevkovitého tvaru.
Je umistén v zadni ¢asti hrdla, jeho délka je
u Glovéka patnact centimetra.

Tri oddily:

Nosohltan — Nosopharynx (fialova)
- spojeni se stfedousni dutinou
Eustachovou trubici
- na zadni sténé lymfaticka tkan
nosni mandle
Ustni éast hitanu — Oropharynx (zelend)
- dvé mandle, lymfatickeé uzliny
Hrtanova ¢ast — Laryngopharynx (okrova)
- oddéleni travici trubice od
dolnich cest dychacich (hrtan)
a hlasivek



Poharkové buriky FZ -

» goblet cells

Goblet Cells & Secretions




Muciny a mukopolysacharidy

* produkty poharkovych bunék

Core Protein

Transmembrane Region - I

Zytoplasmic Region -~

Mukoproteiny jsou skladovany ve vesiklech
poharkovych bunék ve ,sbaleném” stavu. Po

exocytdze do vodného prostredi rychle expanduji
az nékoliksetkrat. Tvofi ochranné prostredi kolem

bunék (dychaci epitely, travici epitely ...),

ale i kolem celych Zivocichu (slimaci, sliznatky, ...

FZ- 4

Mucins are a diverse family of densely glycosylated proteins.
Mucin domains within the protein core are rich in threonine,
serine and hydroxyproline enabling post-translational
O-glycosylation. The highly glycosylated properties of mucins
make them resistant to proteolysis and able to hold water,
giving them the gel-like properties found in mucosal barriers.
Mucins also contain cysteine-rich regions that participate in
intermolecular cross-linking and are typically secreted as
large aggregates. Mucins may also be associated with
membranes and may serve as receptor-like ligands for
carbohydrate-binding molecules.

Mukopolysacharidy (glykosaminoglykany) jsou dlouhé
fetézce cukru, které mohou byt vazany na mukoprotein.
Retézce jsou zakon&eny sulfatem nebo kyselinou kfemigitou
(sulfomuciny a sialomuciny) nesoucimi negativni nabo;.

sliz sliznatek (Myxini, hagfish)
) je tvofen mukoproteiny




Thiokyanat
 antiseptikum slin vzniklé detoxifikaci rostlinnych kyanidu

Rhodanese is a mitochondrial enzyme which detoxifies cyanide (CN-) by converting it to thiocyanate (SCN-).1

This reaction takes place in two steps. In the first step, thiosulfate reacts with the thiol group on Cysteine-247 1, to form a

disulfide 2. In the second step, the disulfide reacts with cyanide to produce thiocyanate, itself being converted
back into the "normal” thiol 1.

E §
HHM  SH HIM

+ 52 DEE- e

L
=
i
1]
T
T
=

=H
+ SCMN

This reaction is important for the decontamination of cyanide, since the thiocyanate formed is relatively harmless.

The use of thiosulfate solution as an antidote for cyanide poisoning is based on the activation of this enzymatic cycle.


http://en.wikipedia.org/wiki/Mitochondrion
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Cyanide
http://en.wikipedia.org/wiki/Thiocyanate
http://en.wikipedia.org/wiki/Rhodanase
http://en.wikipedia.org/wiki/Thiol
http://en.wikipedia.org/wiki/Cysteine
http://en.wikipedia.org/wiki/Disulfide
http://en.wikipedia.org/wiki/Thiol
http://en.wikipedia.org/wiki/File:Rhodanase2.png
http://en.wikipedia.org/wiki/File:Rhodanase2.png

Produkce slin v acinarnich bunkach slinné zlazy

 stimulovana parasympatikem

Production Of Saliva
Primary secretion is isotonic

. _ _ Acinar lumen =
Salivary enzymes, ions and mucin

Phosphorylation

/;cAMP] _[ca"] 3. 2. Ne
AMuscan’nic 3
T

Substance P //

NA B oy
VIR ]
p-agonists
potentiate NA
acetylcholine

Acetylchaline :
Na* K* 1.Stimulation

Fig.22-7 Vagal fibre (max salivary secretion)

ISF:+

Na*

Salivary
acinar
cells

KMec

Neural or humoral (acetylcholine)
stimulation of cholinergic, muscarinic
receptors on the basolateral membrane

of acinar cells leads to a rise in intracellular
[Ca2+].

2. This rise triggers luminal CI- - and
basolateral K+ -channels. Hereby, K+ is
transferred to ISF and CI- to the acinar lumen
in a balanced relationship (Fig. 22-7).
Therefore, ClI- flows down its electrochemical
potential gradient into the lumen of the acinus.
K+ flows down its gradient to the ISF through
activated channels. These ion flows create

a negative electric field in the lumen.

3. The initial fall in intracellular [K+]
ncreases the driving force of the electroneutral
Na+-K+-2Cl- co-transporter to transport two
Cl- into the cell together with Na+ and K+.
Thus the electrochemical potential of

Cl- and K+ is greater in the cell, than in the
interstitial fluid (ISF) and in the saliva.

4. The negative field provides an electric force that drives a passive Na+ flux into the acinar lumen through leaky tight
junctions. Osmotic water transport through leaky junctions and trans-cellularly through water channels in the cell membranes
follow the NaCl flux into the lumen. The trans-cellular CI- transport is coupled to the paracellular Na+ transport.

The net result is an isosmotic NaCl transport produced by a secondary active Cl- secretion.

5. The basolateral membranes of acinar cells contain a Na+-K+-pump that provides the energy for the primary salivary
secretion (Fig. 22-7). The rise in intracellular [Na+] activates the Na+-K+-pump, whereby [Na+] is kept almost constant.

Ouabain inhibits salivary secretion, because it blocks the pump.



Uprava slozeni slin v bufikach vyvodu slinné zlazy

Secretion From Salivary Duct Cells
NaCl - reabsorption > (K" + HCO;) - secretion

Aldosterone (Aldo) - control.

G K+

LUMEN:-

‘ Tight junctions
‘ Aldo | Aldo |

FZ- 4

The reabsorption of Na+ and the
secretion of K+ are processes
stimulated by the

mineralo-corticoid, aldosterone.
Aldosterone stimulates Na+-influx through
the luminal Na+-H+-exchanger.

Na+ enters the cell in exchange with H+.
The resulting intracellular rise in [Na+]

{ activates the basolateral Na+-K+-pump.
Salivary ' (e e Ak 5. l Thus, Na+ is reabsorbed trans-cellularly
Duct cell 2, — (‘ = from the salivary duct. The pump maintains
(CI‘) i the electrochemical potential gradients of
Na+ and K+.
Aldo
2. The CI- follows passively, and is
= partly exchanged with bicarbonate along the
Na+’ K — duct system through a luminal CI-
- ATPT — 4 -bicarbonate exchanger.
ISE: + l L ’ The secretion of bicarbonate is so great
i) \ 4 that its concentration in the final saliva
B & Na©  ¢——K . | exceedsthatin plasma.
3. At the basolateral membrane CI- leaves the cell via an electrogenic Cl- channel, while Na+ is pumped out.
4, K+, taken up by the Na+-K+-pump, leaves the cell through K+-channels in the basolateral membrane, recycling

K+ to balance the ClI- efflux.

5. Some of the K+ leaves the cell by luminal H+-K+-exchange. At low secretion rates the H+-K+-exchanger
(antiport) in the luminal membrane transfers sufficient K+ for the [K+] in the final saliva to exceed the concentration in plasma.

The net result is K+-secretion from blood to the duct lumen.



Zaludek — gaster, ventriculus

* monogastricky zaludek karnivornich a omnivornich obratlovci

« skladovani potravy

* mechanické zpracovani

* chemicke traveni

Hlavni ¢éasti:

jicnové svérace —
Ceslo (cardia)

klenba (fundus)

Regions of the stomach

fundus
cardia \
esophagus
pylorus
body
antrum

lesser

/\ curvature

duodenum
rugae
: greater
pyloric curvature
sphincter oblique

muscle layer

vratnikovy svérac

© 20032 Encyclopadia Britannica, Inc.

télo (corpus, body)

circular
muscle layer

. longitudinal
7 muscle layer

serosa

vratnik (pylorus)

s VIstvy

zaludecni stény

o gastric pits
7 (foveolae gastricae)

qastric glands

o TN muscularis mucosae
N

oblique muscle layer

»
1 circular muscle layer
—— e
— —  — longitudinal muscle layer

ee———————— ————

connective tissue layer

visceral peritoneum

v -
Ryalfl. AT blood vessels

- mMucosa

i
”- submucosa

- muscularis

- serosa



Okruzi — mesenterium (mesenteron), pobrisnice — peritoneum FZ - 4
« ulozeni travici trubice (a jinych organu) v bfisni dutiné

Although ultimately one continuous sheet, two types of peritoneum
are referenced: Parietal peritoneum is that portion that lines the
abdominal and pelvic cavities. Those cavities are also known as the
peritoneal cavity. Visceral peritoneum covers the external surfaces
of most abdominal organs, including the intestinal tract. As seen in the
diagram, the intestines are, in essence, suspended from the dorsal
aspect of the peritoneal cavity by a fused, double layer of parietal
peritoneum called mesentery. In come cases, parietal and visceral
peritoneum are also continuous along the ventral abdomen, where
they are called ventral mesentery. Some organs protrude into the
abdominal cavity, but are not encased in visceral peritoneum.

The kidneys lay in this type of position and are said to in

a retroperitoneal location.

Ferntoneal

An important feature of mesentery is that it serves as a conduit for blood
vessels, nerves and lymphatic vessels going to and from the organ in question.
The image above shows a loop of small intestine from a mouse.

The glistening membrane inside the loop of bowel is mesentery;

mesenteric blood vessels running through bundles of fat are clearly visible.




Bunky zaludec€ni stény

FZ- 4

 zalude€ni jamka (pit) a zlazka (gland) v mukézni vrstvé (sliznici) stény zaludku

Gastric gland J

........................

Goblet
cells

Parietal
cells

Chief
cells

Gés'tn: wall

TFi hlavni typy bunék:

a) poharkové bunky (goblet cells)

» produkce hlenu (mucus)

* mechanicka ochrana stény
neutralizace HCI

b) parietalni burnky (parietal, oxyntic cells)
» produkce HCI
denaturace proteinu
« Stépeni peptidickych vazeb
« aktivace pepsinogenu
« antisepticky ucinek

i zvySena sekrece HCI po ,velkém jidle®
(hadi, predatofi) , muze vést az k silné
alkaléze krevni plazmy, zvySeni pH o 0.5-1.0)

c) hlavni bunky (chief, zygomatic cells)
» produkce pepsinogenu



Sekrece HCI z parietalnich bunék

» orchestr kanalti a pump

Basolateral

S HY + HCO; S C

P

lumen

gastricka pumpa
(H+ K+ ATPaza)

' pumpuje protony
do zaludku,
vymeénou za draslik

* protony jsou dodavany
karbonat anhydratazou

* chlér je vyméneén
za hydrogenuhli€itan
a chlérovym kanalem
putuje do zaludku

* Na+ K+ ATPaza

* je sekretovan roztok HCI, pH kolem 1.0

* v pfitomnosti traveniny a ostatnich Stav
se alkalizuje na pH 2.0 - 4.0

energizuje transporty
pfes bazolateralni
membranu



Sekrece pepsinogenu a aktivace pepsinu

* pepsin je sekretovan v inaktivni formé,
aby neposkodil bunky sliznice

Protein ——> Peptides

4
Gastric (== Pepsin s======amaua- 2
lumen E A
"""" ﬁ':___* HC| €
| Pepsinogen

Parietal
cell

Intrinsic
factor

o

Chief
cell

* Z pepsinogenu je v kyselém prostredi Zaludku
odstépeno 44 terminalnich aminokyselin
— aktivace pepsinu (inaktivace pfi pH > 5.0)

* pepsin je endopeptidaza
— Stépi vnitini peptidické vazby (za Phe, Leu, Tyr ...)
(na strané jejich karboxylové skupiny)

Intrinsic factor (IF)
(gastric intrinsic factor —GIF)

glykoprotein produkovany
parietalnimi bunkami zaludku

napomaha absorpci B12, ale az
v tenkém stievé (pH opt. = 7.0)

v zaludku se B12 vaze na hapto-
corin, ktery je dale odbouran
pankreatickymi enzymy v ileu,

to teprve umozni vazbu B12 na
IF a cely komplex je pak endo-
cytovan specialnimi absorpcnimi
burfikami

uvnitf bunék se komplex rozpada
a B12 se vaze na transkobalamin Il

teprve tento novy komplex je trans-
portovan do krve a do jater ...



Pepsin FZ - 4

Pepsin is an enzyme that is released by the chief cells in the stomach and which

degrades food proteins into peptides. Pepsin was discovered in 1836 by Theodor Schwann,
who also coined this enzyme's name from the Greek word pepsis, meaning digestion
(peptein: to digest).[2] It was the first animal enzyme to be discovered, and in 1929 it became
one of the first enzymes to be crystallized, by John H. Northrop (Nobel prize ...)

* pepsin v komplexu
S pepstatinem (Sedé)

* pepstatin je hexapeptid,
ktery inhibuje pepsin a
ostatni kyselé proteinazy jiz
v pikomolarnich koncentracich

. lva-Val-Val-Sta-Ala-Sta

» Sta = statin
* lva = isovalin

* plvodné izolovan
z aktinomycét

Pepsin will digest up to 20% of ingested carbon bonds ...


http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Gastric_chief_cell
http://en.wikipedia.org/wiki/Stomach
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Peptides
http://en.wikipedia.org/wiki/Theodor_Schwann
http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Digestion
http://en.wikipedia.org/wiki/Pepsin
http://en.wikipedia.org/wiki/John_H._Northrop
http://en.wikipedia.org/wiki/John_H._Northrop

Tenké strevo — dvanactnik (duodenum)
 prvni oddil tenkého streva

» délka 20 — 25 cm

* Brunnerovy zlazky, mukézni alkalicky sekret — neutralizace

* vstup zlu€i ze zlu€éniku a travicich enzymu ze slinivky brisni
 produkce hormonu, které fidi travici proces

Zlué « Zluta/zelena tekutina, pH 7 — 8, mirné alkalicka

Funkce: - alkalinizace traveniny

- emulgace lipidt

pomoci amfipatickych latek (detergentu)
cholesterol, fosfolipidy (lecithin, PC)

zlucové kyseliny (jsou zpétné resorbovany v ileu)

kyselina  OH
cholova s

- odvod odpadnich latek

bilirubin, billiverdin )
— rozpad hemu v makrofagach =
- sleziny, vazba na albumin,
H _ doprava do jater, konjugace
kyselina s glukuronatem, vylouéeni

deoxy-cholova cholesterol, ostatni steroidy bilirubin S "
(obecné: hydrofobni latky) ’
T




Zlué
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Zluéové kyseliny

* jsou syntetizovany v hepatocytech z cholesterolu

* primarné kys. cholova a deoxycholova
» sekundarné (bakterialni aktivitou) mnoho dalSich pfibuznych struktur rozpustnych v tucich

* jsou konjugovany s taurinem nebo s glycinem a tim vytvareji ve vodé rozpustneé zlucoveé soli (se sodikem)
» kazda molekula je recyklovana pfiblizné 20x nez je vylouCena s exkrementy ...

Chemical struciure of C24 bile acids i entified in Mammals
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Circulation of Bile Acids

Liver

Cholesterol Systemic

{dnenodeuxy'!} cholic acids circulation
\ {

Portal

Gallbladder  Circulation
(empties on feeding) |
90%

taurine conjugation 95% 500
|

Duodenum —— lleum
10%1

Feces




Bilirubin

Mononuclear phagocytic cell
Vo

a 23
—_ X l: ;
HEME (1) \

e

BILIVERDIN\'\.‘
[elegele]

, Heme
£~ Oxygenase

J _Biliverdin
»  reductase

Senescent Cs
arythrocytes -

= BILIRUBIN-
ALBUMIN COMPLEX

s

Hepatocyte
Bilirubin \
glucuronides

Liver

Bile /
canaliculus

Urobilinogen

%) Elsevier. Kumar et al: Robbins Basic Patheloay £e - www.studentconsult.com
A4 to My Slides Goto My Sides

rozklad ¢ervenych krvinek ve sleziné produkuje volny hem
s potencialné nebezpecnym Fe2+ iontem (Fentonova reakce)

hem-oxygenaza proto otevira hem a Zelezo je uloZzeno do feritinu
v jatrech (1)

vznikly tetrapyrol = biliverdin je neSkodné zelené barvivo

u savclu (i jinych obratlovcu) je v8ak biliverdin redukovan na bilirubin, ktery
je Zluto-Cerveny (2), nepolarni (musi byt transportovan na albuminu) (3)
a hlavné je toxicky (!) = PROC si télo nenecha neskodny biliverdin ?

bilirubin je odvadén z téla po konjugaci s glukuronatem (4) spolu se Zluci
(nedostate¢ny odvod = Zloutenka, zanét jater)

ve stfeve je komplex opét de-konjugovan (bakterie) a pfeménén na
bezbarvy urobilinogen (5), ktery muzZe byt dale oxidovan az na urobilin a
stercobilin (hnédavé zbarveni stolice)

normalni hladina bilirubinu v krvi: 3 — 17 yM
Gilbertav syndrom: 20 — 70 uM (geneticka porucha)

prekvapivé: lidé s Gilbertovym syndromem nemaji problémy
naopak: maji nizsi vyskyt civilizaénich chorob cév, obezity, cukrovky,
autoimunity atd.

bilirubin je totiz vyznamny anti-oxidant a také tlumi signalizaci, ktera
podporuje pozitivni zpétnou vazbu mezi zanétem a oxidaCnim stresem
za podminek metabolického syndromu (obezity, cukrovky ...)

vyviji se léky, které feSi civilizaCni choroby, prodluzuji Zivot a jsou zaloZeny
na zvySovani hladiny bilirubinu v krvi (blokaci jeho odvodu Zlugi ...)



Slinivka



Slinivka: anatomie




Slinivka

"tenka" pankreaticka st'ava

neutralizace zalude¢nich st'av

produkovana sténami duktd = vyvod

» alkalicka tekutina

« uhli¢itan sodny, NaHCO,

“pH7.5-85




Slinivka

"Tenka"™ pankreaticka stava
» alkalicka tekutina,

 voda + uhli€itan sodny (NaHCO,), pH 7.5 - 8.5

Funkce:

neutralizace zaludecnich st’av

je produkovana v epitelialnich bunkach
pankreatickych kanalku, jez vykazuji
vysokou aktivitu specifické karbonat dehydratazy

Acinar cell Pancreatic enzymes

e

Centroacinar cell

Duct cell

Intercalated duct —\-‘%\
yd

Intralobular duct Interlobular duct

Tight junction

/ -\ Lumen
Cco, » CO, H,0
'

O e
Na -

O
2K+ I a-—

+

-

Basolateral membrane

N

Apical membrane




Dvanactnik (duodenum) FZ - 4

"husta" pankreaticka st'ava

« enzymaticky koktejl
(vétSinou enzymy v inaktivni formé)

produkovan laltéky | lalaéky <

Substrat Enzym

Skrob, polysacharidy pankreaticka a-amylaza

proteiny trypsinogen, chymotrypsinogen, proelastaza, prokarboxypeptidazy
triglyceridy pankreaticka lipaza a proko-lipaza

fosfolipidy profosfolipaza A2

cholesterylester MK cholesterol esteraza

nukleové kyseliny nukleazy




Slinivka

Pankreatické enzymy

Enzym Substrat

Produkt (Stépena peptidicka vazba)

a-amylaza skrob, polysacharidy

trypsinogen proteiny
chymotrypsinogen proteiny

proelastaza elastin, kolagen (vazivo)
prokarboxypeptidazy velké peptidy

lipaza (a prokolipaza) triglyceridy
profosfolipaza A, fosfolipidy (PL)
cholesterol esteraza cholesterylester MK

nukleazy nukleové kyseliny

maltoza, oligosacharidy

peptidy (Arg, Lys)
peptidy (Trp, Tyr, Phe, Met, Leu)

peptidy (Ala, Gly, Ser)
mensi peptidy (Ala, lle, Leu, Val, Arg, Lys)
di-, monoglyceridy, MK, glycerol

lyso-PLs, mastné kyseliny = MK
cholesterol, MK

nukleotidy




- lidské lipazy

Typ gen kde
jazykova lipaza ? slinné zlazy ?
pankreaticka lipaza PNLIP slinivka
lysozomalni lipaza LIPA uvnitf bunék, lysozémy
hepaticka lipaza LIPC endotelium sinusoid v jatrech, rozklad LDL
lipoproteinova lipaza LIPD (LPI)  endotelium kapilar v srdci, tukové tkani,
svalech, uvolfiovani MK z chylomikront
a VLDL
hormon sensitivni lipaza LIPE tukové bunky, uvolhovani MK, termogeneze
gastricka lipaza LIPF Zaludek, kojenci, rozklad tukd z mléka
endotelialni lipaza LIPG endotelium cév

* ko-lipaza (modfe)

v komplexu
s pankreatickou lipazou
tvofi aktivni formu

* pro vznik komplexu je nejprve tfeba
aktivovat kolipazu z prokolipazy
pomoci trypsinu



Strevo



Vlastni tenké strevo FZ - 4

* laénik (jejunum) (2.5 — 3 m) - traveni, rozklad potravy
* kyéelnik (ileum) (2.5-3m) - absorpce, vstiebavani zivin

Inervace
enterickym
vegetativnim
systémem

Blood vessel

Gland outside
__— gastrointestinal
Ak tract

Vrstvy stfevni stény:

Serosa — vnéjSi vazivo
Muscularis — svalovina Myenteric Mucosa
podélna a kruhova plexus
Submucosa
Submucosa — vazivo
podslizni¢ni
prostoupené krevnimi
a lymfatickymi cévami

Submucosal
plexus

Circular layer
o Muscularis
Longitudinal layer

Mucosa — sliznice Gblond in \Connective tissue layer
submucosa serosa




Zahyby a klky tenkého streva

FZ-4
 zahyby « kIky (villi)
« sliznice je opatrena Cetnymi
kruhovymi zahyby (Kerckringovy zahyby) 265:41(53 mmz

 povrch zahybu je silné zvétsen klky (villi)

protkané cévnimi kapilarami
na celkovych 200 — 300 m?

slepy konec lymfatické kapilary

- Absorptive cell
Villi

>

Microvilli
on surface of
absorptive cell

Goblet cell

Central lacteal

Submucosa

Arteriole

o
e
[
o |
i
Mo
J 5
(s ]
(e ]
e
]
%
W '

Venule




Klky ve sliznici tenkého streva FZ - 4

Lumen cf small intestne

Blood Lactea
capillary

Villus

Simple columnar

' | b —Mucosa
epithelium '

Lamina prooria

Openirg of :
intzstinal gland i _ :
{erypt of Liekerkihn) .

et o Submucosa
i o o
| ymphatic nodule é ' g d
Muscularis mucosae &,

Lymphatic veesel < -4 4 — 1o ] [ Musoans
Venule " - 2 !
Arterinle :
Circular layer of muscle
Myenteric plexus s
[premsmiuemagﬁ
Longitucinzsl i
layer of musclz

AP YD, ; ,— Serosa
Naads:ade, Sy
e — — __-"J

—_—

(a) Layers of the small intestina showing villi




Absorpéni buniky — enterocyty
» absorpéni buriky
rychla obnova (2 dny)

jsou oddéleny desmozémy
opatfeny apikalnimi mikroklkly

FZ- 4

* mikro-klky (microvilli) (brush border)
0.5-1.5um
pohyb zajistuji myosinova a aktinova vlakna

* v hustém glykokalyxu jsou ,zachyceny*
finalni travici enzymy

i / Tight junction

Desmosome

Mitochondrion

Rough endoplasmic
reticulu

Intercellular spage

Adjacent cell membranes

l ' ""r Glycocalyx

N
» Cell membrane
Actin filaments

Myosin filament

_..h_y.kg/é \\.‘// \E -1

Mw e Terminal web




Produkce travicich enzymu

* la€nik produkuje celou dalsi baterii travicich enzymu

Capillaries

Lieberkahnovy zlazky (krypty) mezi jednotlivymi kiky
produkuiji:

Krypta

Central lacteal

enterokinaza aktivace trypsinu a proteinaz
(enteropeptidaza)

aminopeptidazy odstépovani aminokyselin
od peptidl z N-konce

disacharidazy maltaza (al-4; Glu-Glu)
Iso-maltaza (al-6; Glu-Glu)
sacharaza (al1-4; Glu-Fru)
laktaza (R1-4; Gala-Glu)
na monosacharidy

nukleazy Stépeni nukleovych kyselin

nukleotidazy Stépeni nukleotidd na fosfat
a cukr+bazi (nukleosid)

nukleosidazy Stépeni nukleosidu

esterazy, fosfatazy, ...




Proteolyticka aktivace traveni v lacniku FZ - 4

Capillaries

1) enterokinaza  (enteropeptidaza)

« aktivace trypsinogenu = §tépeni na trypsin

* trypsin dale aktivuje stépenim dalSi molekuly
trypsinogenu (autokatalyza)

Centra cea * trypsin rovnéz aktivuje dalSi pankreatické enzymy:
chymotrypsin, elastazu, karboxypeptidazy,
fosfolipazu A2 a kolipazu

Enteropeptidase — autokatalyticka
/ aktivace trypsinu
/> je typicka pro
lidsky trypsin
Trypsinogen Trypsin

f JU \
N

Proelastase  Elastase Procarboxy-  Carboxy-
peptidase  peptidase
Y

Chymotrypsinogen  Chymotrypsin Prolipase  Lipase




Traveni v lacniku

Capillaries

Central lacteal

2) vlastni travici enzymy laéniku

aminopeptidazy
disacharidazy
nukleazy

nukleotidazy

nukleosidazy

esterazy, fosfatazy, ...

odstépovani aminokyselin
od peptidi z N-konce

maltaza, iso-maltaza
sacharaza, laktaza

stépeni nukleovych kyselin

Stépeni nukleotidi na fosf3
a cukr+bazi (nukleosid)

Stépeni nukleosid

t

Aminopeptidaze

'

Exopeptidase

Carboxylpeptidase

—— 00000889 8 coo

in—@—coon @000 0009 @ coon

Ho—i— cooH




Tlusté strevo (colon)

délka1,5-2m
prameér 5 —7 cm

pH 55-7.0 1500 f:% !;:} Salivary glands
- neprodukuije travici enzymy o il V0N
* nevytvari klky 2500 [ o O /}Stomach
i o _,"' ey :
1500 Yol 4
0 : f T . _',,—w ;:'
50 ; /-. E;ne‘ﬁ(\}ucf\ '.fj)Pancreas
1500 ~ e
\H“‘M“\?ﬂ Small intesti
e mall Intestine
- dokonéuje vstiebavani vody ey .
» ovSem VvétSi ¢ast vody se vstieba jiz / ’\
v tenkém stfevé, spolu se vstifebavanim zivin ey \> )
fig, o 8
= o ;\L{ e Xg‘\\
* resorpce iontu . 3
* podili se na homeostazi elektrolytu (Na+, Cl-, Cat++) £
« pod vlivem podobnych hormon jako v pfipadé j :
nefrénu (aldosteron, calcitriol) Lo
1000 el
Jg - 850
G \
- symbioticka stfevni mikroflora « celkova vodni bilance % e
+ predevsim bakterie Escherichia coli traviciho traktu je b > intestine
anaerobni rozklad (fermentace) celuldzy (musi byt) vyrovnana: N
a zbytkl potravy za vzniku organickych kyselin \ {
— podil na vyzivé stfevnich bunék * 10 L denni prijem & > 150

10 L denni vydej

10,000 ml




Tlusté strevo (colon)

* colon je osidlen mikrobialnim spole€enstvem

Monosaccharides
2NAD®

2NAD

o,

PEP
)L
l naoHNAD'
Pyruvate > Lactate Oxaloacetate
:Z \ NADH
NapH NAD®
NAD-
Malate
H; Acetyl CoA Acrylate
v NADH Fumarate
hane< co, NADH
AD
H, o, NAD-
Acetate € Propionat Methylmalonate €— Succinate

Wood-Ljungdahl patteay

Acrylate pathway o

]

Lumen

Apical membrane

Portal blood

~J

-~J

Basolateral membrane

H CO3

A0 ® o J——
Pyruvate Pyruvate NADH PEP ' Propipnate
Y
H, g o
NADH Fd(ox): Fd{ox}
Oxaloacetate Methylmalonate
AD* Fdired) dired) NADH
PL 2H NAD'(j‘ naor N’
Lactate Acetyl CoA NAD* Fumarate LZ}Sucvzinale
B Carbohydrates C Carbohydrates
Hydrolysts Hydrolysis

Monosaccharides
2NAD"

2NADI

PEP

Pyruvate
o

Acetyl CoA

|l

<

Acetoacetyl CoA
NADH

NAD"
B-hydroxybutyryl CoA
Crotonyl CoA

NADH

NAD*

Butyryl CoA

Butyryl phosphate

}
Butyrate

Acetate

cetyl CoA —

Stfevni bakterie produkuji pfi anaerobni fermentaci viakniny

mastnych kyselin (SCFA, format, acetat, propionat, butyrat a valerat).

Biosyntéza tfi hlavnich "zplodin" fermentace je na obrazku vlevo.
U ¢lovéka jsou produkovany v poméru zruba 60:20:20 a to v kon-
centraci ca. 70-140 mM v proximalnim colonu. Koncentrace klesa
na ca. 10-70 mM v distalnim colonu, jelikoz kyseliny jsou
absorbovany epitelem colonu (viz schema vlevo dole),
vyzivuji jej a zaroven jsou prfenaseny do portalni krve

= mirné prispivaji k celkové energetické bilanci organismu !

den Besten et al. (2013) J .Lipid Res. 54(9): 2325-2340

Mala ¢ast SCFA muze byt transportovana prostou difazi (spirala). Vétsi ¢ast vyuziva specializované
transposrtni systémy, neznamé (?) i znamé (MCT1 a SMCT1).

Cast SCFA je oxidovana v epitelu colonu, &ast je transportovana do portalni krve ...



Koneénik (rectum)

A% Exterior
R sphincler

id
. W e
Exterior hAar TS
sphincler g5

bl

.i"u-l' =

g
‘;,__

Intenor sphincter

- skladovani nestravitelnych a nestravenych zbytk
 znacny podil je tvofen symbiotickymi bakteriemi

- defekace je vyvolana drazdénim
proprioreceptorl ve sténé rekta a miSnim reflexem


//upload.wikimedia.org/wikipedia/commons/7/75/Anorectum.gif

Absorpcni
faze



Absorpcéni faze: prijem zivin
« aktivni transport a usnadnéna diflize

« pfechod / pfenos Zivin Blood

pres epitel tenkého streva
do krevniho obéhu

Cukry

* ko-transport:
SGLT1 — Na+/glukéza kotransport
(v ledvinach: SGLT1 a SGLT2)

 usnadnéna difuze::

GLUT - prenaSece cukru

celkem 12 rlznych izoforem ...
GLUTL1 — vSechny bunky

bazalni transport
GLUTZ2 - stfevo, ledviny
GLUT3 — neurony
GLUT4 — tuk, sval (insulin T)
GLUTS5 — fruktéza pres apikalni
membranu

Cells lining
intestine

FZ- 4

Intestinal
lumen

SGLT

/Glucose or
~ galactose

Basolateral
membrane /

—— Fructose

GLUT5

\ Apical
o membrane



Absorpcni faze: prijem zivin

» pfenase€ové molekuly — transmembranové transportni prostredky

» molekularni struktura a funkce byla studovana napfiklad u prenasecu cukru
» funkce je zalozena vzdy na kaskadé konformacnich zmén po vazbé ligandu ...

Maltose-bound Glucose/maltose-bound B-NG-bound
outward-open GLUT3 outward-occluded GLUT3 inward-open GLUT1

-18.

Substrate-bound Substrate-bound
. outward-occluded occluded

Ligand-free Partly

igantires \ occluded inward-occluded
outward-open

X
|
!

Deng et al. (2009) Nature 526, 391-396

a) struktura lidskych transportért glukdzy
GLUT1 a GLUT3
b) funkcni cyklus

Qutward-open Outward-occluded

[l ome |

Inward-open Inward-occluded

Nomura et al. (2009) Nature 526, 397-401

funkéni cyklus sav€iho transportéru
fruktozy GLUTS




Absorpcni faze: prijem zivin FZ - 4

Aminokyseliny e
AA  Na' AA- 3N AA  Na' AA* Low [K']

« &tyFi rizné sekundarni ' W Positive Charge
prenasecove systemy Low [AA]
aminokyselin (oranZova) <Hivrpus

* energizace gradientem / l I , , ‘

Na+ a také elektrickym 5

gradientem (negativnim K* 1y —r s ol

nabojem v burice) e A

ADP + - AA

* dalSi systémy (zelena) " s Low [Na®] ﬂ)f Na

vyuzivaji vytvorenych b ¥ High [K*] AA* : .

gradientd jednotlivych 3 Na® ; v N

aminokyselin pro A Negative Charge

vzajemné presuny High [AA] AA

(terciarni transport)

Hyde et al.: Biochem. J. (2003) 373 (1-18)

LUMEN INTESTINAL CELL BLOOD
* jiné systémy transportu;ji
di- a tri-peptidy pres epitely Amino aclds 5 Amino
stfeva (nebo nefrénu) —— e pru = 9
Proteins ————— : ) > g,ﬂ;;gggg; |

Oligopeptides

Aminopeptidase




Absorpcni faze: prijem zivin
Lipidy

* pasivni difuze
» nebo aktivné: ABC transportéry

« glycerol, mastné kyseliny a monoglyceridy,
jsou zpétné rekonstruovany v ER
na triglyceridy

* spolu s fosfolipidy a cholesterolem jsou
potom ,sbaleny” do chilomikronti,
na povrchu opatfenych proteiny

Apolipoproteins

Crislisteiol Phospholipids

Triacylglycerols and
cholesteryl esters

 chylomikrony jsou exocyt6zou dopraveny
do mizniho obéhu a odtud do krve

Intestinal lumen
Q\\ K
Micelle — =

<A
~

Bile salts

_

% 1\°

Microvillus

M

Micelles migrate to
brush border and

FZ -

4

Fat droplet
f@%

fﬂr o
N

release their contents

"'...&5-

Tnglycendes :
reassembled . Pancreatic
in smooth ... lipase -
‘endoplasmic 7 Triglyceride 11
reticulum /4~
: . Lef Diglyceride u
AGOMgh o ( Monoglyceride |
-complex - ] : . _
! Al _ Exocytosis Fatty acid ¥
} o Bile salts o
: chylomlcron
Glycerol t
o

in Golgi complex

Lymph transferred
to blood stream

Chylomicrons formed

space

L lacteal -

Chylomicron

Centrai

™ I'ntei'céllu'lar" e

[



Produkce chylomikronu v enterocytech

Acyltransferase

| Amlnoacldsm—) ~—> ~—> Apolipoprotein B-48 Phos‘pholipia

Acyltransferase 3

L O CH2 O- C R4
) R2 C O CH O

‘ ' CHZ 9 C R
Triacylglycerol »

O

Fatty acyl-CoA synthetase 1" _
=% > nc.con

TP AMP + PP,

Fatty acy ‘CoAv




Osud chylomikront po vstupu do cirkulace

* nascentni chylomikron je po vstupu do

krve modifikovan (opatfen povrchovymi
apolipoproteiny)

* lipoproteinové lipazy (LIPD, LIPG)
v endotelu kapilar riiznych organa
jsou aktivovany pomoci ApoCll, Stépi
triglyceridy z chylomikronu a uvolnuji
mastné kyseliny (MK) pro bunky,
chylomikron tak ,hubne® a jeho zbytek
(remnant) je odbouran v jatrech

» jatra produkuji VLDL, nacpany pfede-
v§im triacylglycerolem, ktery je pfenasen

k periférnim tkanim (LIPD degradace)

+ ,hubnutim® VLDL a transferem apolipoproteinu

na HDL vznika LDL, ten pfenasi
cholesterol k periférnim tkanim

* jatra produkuji také HDL, ktery rychle
nabira volny cholesterol, esterifikuje jej

s mastnymi kyselinami a pfenasi zpét do

jater, kde je cholesterol vyuzit pro

tvorbu zluCovych kyselin, pfimo sekretovan

do Zlu€i nebo je ,naplnén” do VLDL

. SMALL
~ INTESTINE

4

i Nascer{'
—__Chylomicr

U=

TG-rich chylomicrons (produced
primarily from dietary lipids); liver
secretes nascent TG-rich very low

Intestinal mucosal cells secrete nascent
density lipoprotein particles.

TISSUES,
eg, ADIPOSE

ApoCll and apoE are
transferred from HDL to
nascent CM and VLDL.

endocytosed.

CM remnants bind to
specific receptors on
liver where they are

| EXTRA-
| HEPATIC
| TISSUE 1

.

LDL binds to specific
receptors on extrahepatic
tissues and on liver

where they are endocytosed.

|

.

=

3 Extracellular
lipoprotein
lipase, activated
by apoClI,
degrades
TG in CM
and VLDL.

Free fatty
acids

To LIVER

Chylomlc$

remnant

Figure 20.12

Metabolism of plasma lipoproteins. CM = chylomicron, TG = triacylglycerol, VLDL = very low density lipoprotein,
LDL = low density lipoprotein, IDL = intermediate density lipoprotein, C = cholesterol, CE = cholesterol esters.
ApoA, apoB-48, apoB-100, apoC-Il, and apoE are proteins found as specific components of plasma lipoproteins.




Schéma kolovani lipoproteinu

FZ- 4

liver gut

7\%\\

VLDL chylomicrons

HDL (S)
1 8 O adipose
HDL LDL
4 LDL
HDL LDL
B
C LT T J[z
Peripheral tissues
] endothelial lipoprotein lipase hydrolyses triglyceride and the released fatty

acids enter adipocytes. Partial de-lipidation of VLDL generates LDL.

o | LDL particles are transported through the plasma and taken into peripheral
cells by apoB receptor

HDL particles will remove cholesterol from cells and the component
enzyme LCAT esterifies cholesterol whilst it is part of the HDL

Cholesterol ester transfer protein (CETP) exchanges cholesterol ester
4 | (from HDL) with triglyceride (to HDL) and both lipoproteins may be cleared
by the liver.

Fibrin an

d

platelet clot Lipid deposition within the wall of the
artery begins to intrude into the lumen.
If the plaque fragments at this stage,

plaque bleeding will occur leading to platelet
aggregation and fibrin deposition onto
the plaque

CH 5 BIOCHEMISTRY OF THE BLOOD AND THE VASCULAR SYSTEM

Normal artery
medial layer

Further plaque enlargement
with platelet and fibrin
deposition causes severe
reduction in blood flow and cells
‘down stream’ become oxygen-
deficient (hypoxia)

The plaque enlarges

and the blood flow

becomes impaired.

If the plaque is unstable

it will begin to fragment.
‘,

Figure 5.28 Atheroma formation

* geneze aterosklerézy

» poskozeni cévni stény

* sekrece cytokin(

« atraktance bilych krvinek
« fagocytdza

« akumulace LDL

* oxidace tuki — oxLDL

» fagocytdéza oxLDL

» koagulace desticek

« fibrinizace

— tvorba plaku



Hodny a zly cholesterol FZ - 4

/ HDL je ten maly a hodny
/ VLDL (LDL) je ten velky a zly

normalni hladiny v krvi:

HDL cholesterol >1-2mM
LDL cholesterol <3mM
celkovy cholesterol <5mM
triglyceridy <2mM

zvySeny cholesterol: 6 —6.5 mM
rizikova hladina: >6.5mM

» cholesterol je pfenasen jako ester uvnitf Castic chylomikrond spolu s triglyceridy (tmavé a fialové tecky)
« chylomikron je obklopen vrstvou fosfolipida (Zluté te€ky) a neesterifikovanych cholesteroll

* lipoproteinové vesikly VLDL a LDL produkované jatry jsou ,.zlé"
protoze nesou cholesterol a triglyceridy do tkani ke spotfebé nebo ukladani ...

* lipoproteinovy vesikl HDL je ,hodny*
protoze sbira cholesterol z krve a nese jej do jater ke zpracovani — odbourani ...



Tukova kapénka

. bily tuk

LN
L A i

vétSinou jedinou velkou kapénku tuku
* jsou husté protkany vlasecnicemi

* uvnitf jsou skladovany triacylglyceroly
a steroly esterifikované s mastnymi k.

« povrch tvori vrstva fosfolipidU a také
steroll a vitaminu E (tokoferolt)

* na povrchu jsou integrovany proteiny:

LIPID DROPLET

Phospholipids

Krahmer et al. (2009)

»  Perilipin (PLIN) = ochrana pfed lipazami, po beta-adrenergni stimulaci PKA hyper-fosforyluje perilipin

a ten zméni konformaci, coz 50x zvySi jeho dostupnost pro HSL (hormon sensitivni lipazu)
* DGAT = diacylglycerol acyltransferaza, syntetizuje TG z DG a acetylCoA
« CCT = CTP:fosfocholin cytidylyltransferaza, syntetizuje fosfolipidy
* Rab18 = neznama funkce, signalizace, ¢len rodiny onkogenu RAS



Prehled traveni a absorbce zZivin

— A. Carbohydrate digestion and absorption of monosaccharides

1 Pryain
(a-amylase)

hydrates .

< et N
htessollumen . Mucosdcal  Portal lood

— A. Lipid digestion: overview

Distary fats

Mechanical emulsifi-
cation by stomach

Dagradationin
stamach (10-30%)

formenin 1 conamand. == NS o
jejunum (70-95%) icnin intesti [ca.5%)

— B. Protein digestion and absorption of amino acids and oligopeptides
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— B. Lipid digestion: degradation and micelle formation
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Liver,

Gallbladder

Common



Vratnicovy systém vede ziviny do jater FZ - 4

- jatra — centrum intermediarniho metabolismu * jatra maji dvoji privod krve:
1) jaterni tepnou od srdce

Jaterni zila 2) vratnicovou zilou od stfeva
" lezinnou Zil lezin
/ WUJ, - a sle ou zilou od sleziny

s f)/’— ey

Jaterni tepna
= P

* pomér privadéné krve zavisi na
fazi traveni

Zaludek

Vratnicova
Zila ——<+— HEAD, ARMS "_"ﬁ

Slezinna
sila BRAIN —‘—_‘ﬂ
Slezina CORONARY VESSELS
1l
Jatra Dvanactnik RIGHT N LEFT
P g [LLUNGS HEART [
Horni
mesentricka — Dolni
zila mesentricka HEPATIC ARTERY
zila
SPLEEN, )
: HVER [ *—FoRTAL | GI TRACT
| VEIN
f Sestupny KIDNEYS
traénik
TRUNK, LEGS ———e—~
Vzestupny |
traénik
Tenké
Slepé strevo

stievo

Koneénik




Funkce jater FZ-4

e intermediarni metabolismus -« jaterni lali¢ky obsahuji jaterni buiiky (hepatocyty)

* metabolismus + skladovani

- glykogen, glykolyza a glukoneogeneze ...

- lipidy, R-oxidace, lipogeneze, cholesterol, ZIu¢ ...
Jaterni tepna - aminokyseliny, produkce mocoviny, kyseliny mocové ...
* syntéza bilkovin krevni plazmy
« detoxifikace (billirubin, glukuronace, konjugace s GSSH, glycinem ..
alkohol, kyanidy, laktat ...)

Vétev
zlu¢ového vyvodu

* skladovani Zeleza
bilkovina ferritin
ca. 30% celk. Fe++
¢ e Ny NS, 66% je v hemoglobinu,
. Y 3% v myoglobinu,
———— 1% v enzymech
a transferrinu
Sinusoida (pfenos krvi)

Vétev
vratnicové .
i Jaterni bunky

» fagocytdza

Wi, B | A A /O Kupfferovy burik
Jat’e’ fyrerny )y & T Centralni Zila P Y Y

(vedouci do jat

* produkce tepla
metabolismus

Zlué‘é * zasoba krve a vody

kanalky

* produkce hormon
angiotensinogen

IGFs



Portalni triady (portobilarni prostory) FZ-4

Hepatic vein

Central vein
system

Branch of hepatic artery

Branch of bile duct

Branch of portal vein
(distributing vein)

Right and left hepatic
ducts (bile ducts

Right and left
hepatic arteries

Portal
vein

© 2007 MediVisuals, Inc.

~Portal triad of * mista komunikace cévniho systému s jaternimi bunkami a zluéovod
structures

« doprovazeji je lymfatické zlazky a vegetativni nervy



Anatomie jater FZ - 4

- Disseho prostory (spaces) se nachazeji okolo
sinusoid; lymfa do nich pronika silné propustnym
endotelem kapilar a je odvadéna do lymfatickych cév

branch of sinusoids
hepatic vein

canaliculi central containing containing
vein igrent fat droplets
Kupffer cells iy 1

Iymph vessel Rl

Kupffer cells “G=as ' £ oy LA : N i bile ddetf..
Y o~ Q E : - §
hepatocyte %‘ .

ol resting containing containing
B e~ A bacteria blood cells
'€ branch of portal vein
Disse spaces z > P
branch of hepatic artery
distributing vein
central vein inlet venule
intralobular; arteriole - Kupfferovy bunky jsou jaterni fagocyty,

které jsou aktivni v sinusoidach, nebo
"odpocivaji" v Disseho prosturcich ...




Detoxifikace

Parent compound

Phase | reactions
.g. oxidation, reduction, hydroxylation

intermediate

<_________________

Phase |l conjugation reactions,

glutathione

e.g. with glycine, sulphate, glucuronate,

final metabolite

l

Urinary excretion

Faze l.

* nejprve je tfeba cizorodou latku (toxin)
oxidovat nebo hydroxylovat pomoci systému
Mixed Function Oxidases (MFO) neboli
cytochréomu P450

» cilem je pfipojit na toxin -OH skupinu

* MFO potrebuji redukujici silu NADPH

* vétSinou jsou lokalizovany v hladkém ER

* spotfebovavaji vzdusny kyslik
(ca. 10% celkove spotieby kysliku mifi pravé
sem a nevstupuje tak do oxidativni fosforylace)

2 NADPH 2 NADP" + 2H"

2a°

2 Fp (ox) 2 Fp (red)

NAD(P)H NAD(P)+

Cytb5 (ox) cyt b5 (red)

P-450(Fe*)-0,

|
RH
02
I LY,

P-450(Fe’") P-Tso(Fes‘)-o;
RH RH

11
R-OH + H,0

Pi450(Fea+)

P-450(Fe®")

RH

KEY:

P-450(Fe’*)

RH substrate ‘toxin' to be oxidised

P-450 cytochrome P-450

Fp NADPH cytochrome P450 reductase (flavoprotein)
R-OH oxidised product

Step I  substrate binds to cytochrome P-450

I P-450 accepts one electron from Fp and becomes reduced (Fe3+ — Fez*)

11 molecular oxygen binds

IV electron transfer from oxygen to haem group of P-450 (Fez*% Fe&)

V asecond electron is accepted from NAD(P)H via cytochrome b5 and oxidised
product released; the other atom of oxygen appears as water

VI P-450 ready to accept another substrate and the cycle begins again




Detoxifikace

Glucose-1-P + UTP —— > UDP-glucose + PPi

Faze Il.

> NAD* - aktivace glukuronatu pripojenim UDP
TR » konjugace oxidované formy toxinu
= s aktivovanym glukuronatem
W : * vylou€eni komplexu v ledvinach
R e (viz pfednaska Exkrece)
O-UDP
UDP-glucuronate + R-OH glucuronide product
COOH COOH
+ R-OH + UDP
0-UDP Gt

» nékteré dalSi toxické latky jsou vylu€ovany po pfedchozi konjugaci s redukovanym glutathionem (GSH)



Regulace
funkci
travici

soustavy



Regulace pohybu a sekreci travici trubice

1) Spontanni myogenni kontrakce

spontanni kontrakce jako odpovéd na roztazeni stény travici trubice
a pacemakery ve sténé trubice generujici spontanni rytmické depolarizace

} peristaltikal




Regulace pohybu a sekreci travici trubice

2) Vegetativni inervace

Sympatikus a Parasympatikus

|

splanchnické (atrobni) nervy

Sympatikus — noradrenalin — fight or flight

Parasympatikus — acetylcholin — rest and digest

celiac ganglion

Spinal (solar plexus) . &
Cord ﬂ 2

a0

A 4

Trachea{
Bronchi

W

Liver

Abdominal blood
vessels

Pancreas
Adrenal medulla

il

Hkdbibd

Smaf integline

Large intestine

<1111

Kidney

orni a dolni m { )
mesentericky R g{ g

ganglion

Bladder and Genitals

Spinal

Cord ‘

Tracheaf
Bronchi

aan iy

X, Liver
Abdominal blood
neer_JS [ wvessels
vagus Pancreas

Adrenal medulla
Smal integiine

Large intestine

——

-y

L
Y pelvic nerves
(panevni nervy.

\

}1 ,u :"-1;9 Bladder and Genitals




Sympaticka inervace

« sympaticka inervace

organu dutiny bfiSni, véetné traviciho traktu, se "prepojuje" (Ach-synapse) v nervovych pletenich

The innervation of the sympathetic division: at left, the
distribution of nerves to the skin, skeletal muscles, and
tissues of the body wall; at right, the distribution of nerves to
visceral organs

Eye

o Salivary
o glands
s .?,:

Cervical
sympathetic
ganglia

Inferior T

. T T y . “Cardiacand TN
Gray rami to A oLt ( / Splanchnic o\ onary plexuses N
spinal nerves 3 ] { “sirE"ngE . N
(SEE NOTE 1) \ ¥ e ( ) Celiac ganglion

Superior mesenteric
S ganglion

Postganglionic fibers to
spinal nerves (innervating
skin, blood vessels, sweat L;
glands, arrector pili

muscles, adipose tissue)

\ Inferior '\ i
mesenteric \ 3
ganglion

\\

Z

Sympathetic
chain ganglia

Coccygeal
ganglia (Co,)
fused together

Penis
NOTE 1

Every spinal nerve has a gray ramus that
carries sympathetic postganglionic fibers
for distribution in the body wall and limbs.
In the head and neck, postganglionic

ympathetic fibers leaving the superior
cervical sympathetic ganglia supply the
regions innervated by cranial nerves lll,
VI, IX, and X.

NOTE 2

Preganglionic fibers on their way to the collateral
ganglia form the splanchnic (SPLANK-nik) nerves.
Postganglionic fibers innervating structures in the
thoracic cavity, such as the heart and lungs, form
bundles known as sympathetic nerves.

©2011 Pearson Education, Inc.

|\ e
\

=2 e
‘\@Scrotum q)/

Heart

Liver and
gallbladder

Stomach

Spleen
Pancreas

Large
| intestine
Small
intestine

AR
-—— Adrenal
P medulla

Kidney
|

Urinary bladder

KEY
- Preganglionic neurons
-~ Ganglionic neurons

splanchnickych (atrobnich) nervq, viz vlievo:

- celikalni ganglion (pleter) (neboli solar plexus)
- horni a dolni mesentericky ganglion

« parasymaticka inervace
je vedena po bloudivém nervu (vagus), viz dole

* obé inervace poté synapticky komunikuji
s enterickym systémem

The innervation of the parasympathetic division on KEY

one side of the body; the innervation on the opposite — Preganglionic neurons

side (not shown) follows the same pattern = Ganglionio newiors
Pterygopalatine ganglion

Lacrimal gland

5 Ciliary ganglion 4

'«,'.""le:qﬂ 4 210 “_,» & x N SuI;r:aI\gibular 2 7sa"varv glands
7 = 5 V% 1; > inglion T
""“‘1\ / <,u;\v“ == < s,i = -7

| D

—_— e A B
m S pnc ganglion 7 ﬂ
\ 4 '&f Heart
Cardiac plexus ) ' 4 o .
| \ Nt
W N

Vagus nerve (X),
which provides ,
about 75 percent
of all parasympa-
thetic outflow

I\
Celiac plexus —— ‘ =
Liver and

. —
(&
e ¥ \ gallbladder
== Stomach
Inferior mesenteric —_ ‘: 2 Spleen
VN Pancreas

plexus | ~L
Hypogastric 4“4 N— =

plexus Ly Large
" - intestine
reganglionic
n Small
2::;'" the s intestine
of the spinal cord, Rectum
which carry sacral
rasym tic 2
:‘pu\‘! pathe & -~ Kidney

Penis |\t
Scrotum (,,— Urinary bladder
¥

=
Ulerus}\,, Ojary g
\ <

©2011 Pearson Education, Inc.




Regulace pohybu a sekreci travici trubice FZ -4

2) Vegetativni inervace

Entericky systém

Perivascular Nerves

« vytvari kompletni reflexni oblouk:

» sensorické neurony
mechanicke, teplotni, osmoticke,
chemické (gluk6za, aminokyseliny, pH)

* interneurony — integrace informaci

» motorické neurony
hladké svaly - pohyby,
Deep Muscular Zlazky - sekrece

Plexus

Submucosal

Plexus / Mucosal Plexus

Entericky systém — vlastni, lokalni systém (hlavni pfenasec: acetylcholin)
* myentericka sit’ (plexus) fidi pfedevsim stahy hladkého svalstva

» submukozni sit’ (plexus) fidi pfedevsim sekrece (HCI, hlenu, vody, enzymu, tkafiovych hormont)



Entericky vegetativni systém FZ -4

* autonomni inervace travici trubice A Wyenienc Pisxus

« samostatny, a do znacné miry nezavisly,
oddil vegetativniho nervového systému

FPARASYMPEATHETIC
PREGANGLIONIC
NEEWVE FIERE

Extrinsic input

Effector _
longifudinal muscle

Heormeonal

extrinsic
contral

-

| MYENTERIC
PLEXUS

Effector:

cirenlar

muscle

SUBMUCOSAL

’f PLEXUS

Deep Muscular
Plexus

Submucosal

Plexus / Mucosal Plexus




Regulace pohybu a sekreci travici trubice FZ -4

3) Hormonalni regulace

tkanové hormony sekretované primo travici trubici
jako odpovéd na zmény pritomnosti potravy, acidity a pfitomnosti urcitych Zivin:

3 urovné: cephalicka sekrece gastrinu fizena z mozku (nervus vagus)
na vizualni a Cichové podnéty (podminény reflex)

gastricka sekrece gastrinu fizena pritomnosti
potravy v zZaludku (roztaZzenim) a pfitomnosti proteinu
— spusténi sekrece HCI a pepsinogenu
— zrychleni pohyb( Zaludku

intestinalni komplexni, jemna kontrola traveni




Hormonalni regulace intestinalni faze traveni

HCI
enterogastricky pepsin
reflex

zaludek

enteric
gastrin

gastrin

chole

cystokini :
sekretin

dvanactnik

FZ- 4

Vstup kyselé traveniny do duodena
vyvola:
* enterogastricky reflex
— snizeni sekrece HCI a pepsinu
— zpomaleni pohybu zZaludku

» sekreci sekretinu
— voda a NaHCOj ze slinivky

» Gastric Inhibitory Peptidu (GIPu)
— shizeni sekrece gastrinu a HCI

Pritomnost dlouhych peptida
v traveniné duodena muze vyvolat:

* sekreci enterického gastrinu
— zvySeni sekrece HCI a pepsinu

Pritomnost tuka
v traveniné duodena vyvola:

« sekreci cholecystokininu
— kontrakce zlu€niku
— sekreci ZluCi
— sekreci pankreatickych enzym

s stimulace Zaludeéniho traveni

inhibice Zaludec¢niho traveni

stimulace stfevniho traveni




Gastrin

» produkovan v G-bunkach

Zaludecni sliznice
(u vstupu do vratniku
= pyloric antrum)

a také ve dvanactniku
(entericky gastrin)

* sekrece HCI

z parietalnich bunék
je pod integrovanou
kontrolou:

ATP

Ve

FZ -4
— A. HCl secretion by parietal cells
Anion exchanger
3 /-—Cl' channel /
cr al cr
o0y s HCoy
< S
¢ CA
i o4 + (0, ¢4———— (O,
Firmof ot 5 Bood 5de
HK* ATPaze H:0 —5/
; § -/— Na*/H* exchanger
Ho< A & Y

K < K

Parietd cdl

- CNS (vagus),

- enterického systéemu a

- tkarovych hormond:
gastrinu

- parakrinnich sekreci:

histaminu
somatostatinu

DalSi tkariové hormony sekretované duodenem nebo
tenkym stfevem, které maji vliv na traveni:

Bulbogastron — inhibice gastrické sekrece a pohybu

Enteroglucagon — inhibice pohybt laéniku a sekreci slinivky
Enkephalin — stimulace sekrece HCI, inhibice slinivky a pohybu stfev
Somatostatin — inhibice sekrece HCI, slinivky a pohybu stfev
Chymodenin — sekrece chymotrypsinu slinivkou

— B. Regulation of gastric acid secretion

2 Fundus  “\Vagus nerve
a
Vi 3 ~
=l & e
. ach L, Deal
Food Mechanical : 1 — SH
stimubs C .
Y — cH: Hedl e’
\ [—L_. Poetd call _Lw .
1 : ine &Y
9 94| HCI e Histamine
= O
Y K ) o e
HCl Lumen s
Systemnic ‘
Chemical i Graslstion <
stimubss Pepsin
- 3 Antrum Vagusnarve —e
Amino \
s s achs
R Gastin — ‘ \ -
3 Dcdl Y CCRP
“\
—— Secretin, — SIH
GiP )
L o
.'J,'v' > 4
Gastrin
Des r A fP o 2003 Thieme



Slinivka: endokrinni funkce

* regulace traveni a metabolismu zivin

Langerhanstv
ostravek

bufiky  a (15-20%)
R} (65-80%)

A (3-10%)
PP (1%)

» Langerhansovy ostrivky — endokrinni sekrece

glukagon
insulin

somatostatin
pancreatic polypeptide




Glukagon / Inzulin : hormony fidici metabolismus

» homeostaze hladiny glukézy v krvi:

Glucagon Released
Cells

by Alpha
of Pancreas

(

Low Blood
Glucose

e

Pancreas

?

Insulin Released
by Beta Cells
of Pancreas

Liver Releases Fat Cells Take In
Glucose into Blood Glucose from Blood

a7

Normal Blood
Glucose Levels

Hypoglykémie — sekrece glukagonu z a-bunék
(normoglykémie na laCno: 3.7 — 5.5 mM)
* stimuluje:
- rozklad glykogenu jatrech,
uvoliovani glukézy do obéhu
zvysuje hladinu glukozy
- rozklad lipidu v tukovych bunkach
- syntézu proteinu v jatrech

Hyperglykémie — sekrece inzulinu z 3-bunék
(glukdza po jidle: do 7.7 mM)
* stimuluje:
- vstup glukdzy do svall a tukovych bunék,
- glykolyzu (a tim i produkci ATP)
- syntézu glykogenu z glukdzy v jatrech a tuku,
snizuje hladinu glukozy

- syntézu lipida v tukovych bunkach
- syntézu proteind v jatrech

* inhibuje:
- proteolyzu, lipolyzu, glukoneogenezi




Inzulin : kontrola energetické bilance FZ - 4

= /4

 sekrece inzulinu je, mimo jiné, i pod kontrolou strevni mikrofléry ...

y
Vagus nerve % a2 L N

Obesity

y
&
7

LN
L}

N & ~ - Stomach | /
4 ~~ - A ,./'/

3 icrobiot: yd gzl

Gut microbiota Mouse brain \ Food

intake

Calories

Perry et al. (2016) Nature 534: 213-217

U krys bylo v této praci zjisSténo, Ze produkce acetatu (kyseliny z komplexu SCFA, viz. tlusté stfevo) zvySuje mozkovou
stimulaci parasymatického systému (konkrétné vagalniho nervu), ktery stimuluje sekreci hormonu hladu (ghrelinu) ze stény Zaludku.

Vagus rovnéz potencuje glukézou-stimulovany vydej inzulinu z beta-bunék pankreatu, coz ve finale zplisobuje vysSi miru
ukladani energetickych zasob a tedy obezitu krys ...

... vysledky, i kdyz zatim pouze Gvodni, naznaduji pfimou, mechanistickou souvislost mezi aktivitou mikrobialniho komplexu tlsutého stfeva, hormonalni
kontrolou energetické bilance organismu a moznym vznikem poruch metabolismu (metabolického syndromu, obezity, diabetes).

Obecné:

Mikrobiom Clovéka (zivo€icha) celkové vyznamné ovlivriiuje jeho fenotyp.
(Nejde jen o stfevni mikrobiotu, ale také o mikrobialni osadky ustni dutiny, pokozky, atd.).

Zivoéich je tedy definovan spise nez vlastnimm genémen celym metagenémem,
ktery zahrnuje geny vlastni PLUS geny mikrobiému.



Hormony hladu / sytosti

« apetit a prijem potravy jsou slozité Fizeny z mozkovych center

Neuron

Hypothalamus

Food Energy
intake expenditure
[ 1
Melanocortin-
producing
neuron Arcuate

nucleus

- Melanocortin
(Wl receptor (MC4R)
(blocked by AgRP)

] Ghrelin receptor

Ghrelin NPY/PYY; 36
receptor Y2R
PYY; 36 \ il Melanocortin
s — receptor (MC3R)
nsulin
Stomach | W NPYreceptor YIR

Leptin

il Leptin receptor
7\ or insulin receptor

.

Intestines

FZ- 4

« arkuatni jadra hypotalamu:

* ghrelin (prazdny zaludek)
- hormon hladu
- zvySuje apetit

» cholecystokinin (dvanactnik
naplnény traveninou)
- zastavuje dalSi pfijem potravy

* leptin (pIné adipocyty)
- snizuje apetit

* insulin (slinivka po jidle)
- snizuje apetit

* PYY peptid (pIné ileum)
- snizuje apetit

* neuropeptid Y (NPY) stimuluje
neurony jez stimuluji pocity
hladu a pfijem potravy

» melanokortin inhibuje neurony
jez stimuluji pfijem potravy

» Agouti-related peptid (AgRP)
blokuje aktivitu neuronu
produkujicich melanokortin



Hormony hladu / sytosti

e lipocalin 2 (LCN 2)

panasRatesteaaL,,

I Neuron
MC4R |
/r ! _, Neuronal
i @ ° , activation
= A(‘ “.'
X (A 5N j> Appetite
\ L ~— suppression
= Brain
~  Bone

Palmiter (2017) Nature 543, 320—322 do0i:10.1038/nature21501

Moisalou et al. (2017) Nature 543, 385-390

* lipocalin 2 byl dfive znam jako hormon osteoblastt s u€inkem v ramci imunotni odpovédi

* v praci Moislaou et al. z roku 2017 bylo zjiSténo, Ze osteoblasty uvolnuji hormon také po jidle. Hormon putuje krevnim
feCistém a po dosazeni hypotalamickych center se vaze na MC4R receptor, coz vede ke ztraté apetitu, k anorexii ...

* LCN 2 je tedy dalSim tkanovym hormon "sytosti" ...



Ghrelin / Leptin FZ - 4

* ghrelin je produkovan burikami typu P/D1 * leptin je produkovan tukovou tkani
sliznice zaludecni klenby (fundus)
* signalizuje stav nasyceni
* signalizuje nepfitomnost potravy do centra hladu/sytosti
do centra hladu/sytosti (hypotalamus) * snizuje apetit
 zvySuje apetit
« zvySuje vydej ristového hormonu (GH)

* ghrelin (GHRH, GH releasing hormone, peptid: 44 aa) -

f
je produkovan také pfimo neurony hypotalamu Ré ‘ .
A‘_‘ T\

Q

(hypoglykémie rovnéz stimuluje vydej GH)

* GH (growth hormon) (somatotropin, STH) n R = @
* polypeptid: 191 aminokyselin U s ; ;/

stimuluje: syntézu proteinu >y
glukoneogenezi ' —
rozklad tuku v tukovych b.
inhibuje:  pfijem glukozy
tkanémi kromé mozku

leptin

poruchy center hladu / sytosti vedou k:

celkové tedy GH podporuje vyuZiti tuku
jako zdroje energie namisto glukézy
a prednostni zasobeni mozku energii (glukézou)

* bulimii (hyperfagii)
e anorexii



