SACHARIDY

Sachanidy - saccharum - cukr

Synonvma : cukry - glycidy - uhlohydraty carbohydrates - (CH,0),

Funkce

zdroj energie glukosa

zasobni latky glykogen, skrob

stavebni a podpurna funkece  celulosa, chitin
slozky nukleotid, koenzymn, glyko-proteimi, -lipida
prekurzory aminokyselin, lipida

antigenni determinanty bunék



MONOSACHARIDY * Fotosyntéza
l * Glukoneogenese

DI, TRIL .....OLIGOSACHARIDY

|

POLYSACHARIDY

Monogacharidy : — Nemohou byt rozloZeny na mensi jednotky

chemicky - polyhydroxyaldehydy
- polyhydroxyketony



Rozdeleni

ALDOSY
A, podle povahy karbonylové skupiny

KETOSY

 B. podle poétu uhlikovych atomt - TRIOSY, TETROSY,

\PE}ITGSY, HEXOSY, HEPTOSY,

S, ALDOHEXOSA



Cislovani

1CH OH
1C 2
=)0
H—C—OH
1 3CH OH
3(,H20H -
D - glyceraldehyd dihydroxyaceton

PRIMARNI HYDROXYLOVA SKUPINA

Nazvoslovi : trivialni aldosa -OSA
ketosa -ULOSA



H

CH OH
\C )
- C=0
H
CH,OH
CHIOH -
D - glvceraldehyd dihydroxyaceton

pocet stereoizomeru = 2X (x = pocet C )
aldosy-x=n-2 ketosy-x=n-3

n = pocet C atomu



\

HO—C—H
H—C—O0H

HO—(—H

HO— '%—H

CH,OH

D - glukosa

L - glukosa




Aldosy
R

_ 2n-2

H—+—OH

CH,0H
D-Gl yéeraldehyde

H 0/
Vi
\/

H OH HO H
OH H OH
CH,OH CH,0H
D-Erythrose D-Threose
N - o -\
H 0] H O H 0O H O
\C///’ \C// \C// \C/
H———0H HO——H H—7—0H HO——H
H———O0H H——OH HO——H HO——H
H——0OH H——OH H——0OH H——O0H
CH,0H CH,OH CH,0H CH,OH
D-Ribose D-Arabinose D-Xylose D-Lyxose
Y\ \ Y N\ \
H 0 H o0 H 0 H 0 H 0 H 0O
\(/ AN / \sz \C/,// \sz \C//
H——0OH HO—FH HO——H H—1—OH HO—FH HO———H
H——OH H——O0OH | HO— HO——H == H—0H HO—"——H
H——OH H——OH : H———0OH E P I M—l IQ?H HO——H HO—F—H
H—/—OH H——OH H——O0H H——OH H———O0H H——F/—0H
CH,OH CH,OH CH,0OH CH,OH CH,0OH CH,0OH
D-Allose D-Altrose D-Mannose D-Gulose D-Idose D-Talose
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Ketosy — 2"-3

| (IZHgOH
:C=0

1CH,OH
Dihydroxyacetone

v

CH,0H
¢—o
H+OH
CH,0OH
D-Erythrulose

CH,OH CH,OH
- d=
H—r—OH HO——H
H—1—OH H———OH
CH,OH CH,OH
D-Ribulose D-Xylulose
CHgg \(:HZOH CHgﬁ-T \(:HEOH
("J:O (JJ:O (‘Z:O C=0
H—r—O0OH HO—F—H H———OH HO——H
H———O0H H———O0H HO———H HO——y—H
H———OH H——O0H H———O0H H———O0H
CH,OH CH,0H CH,0H CH,0H
D-Psicose D-Fructose D-Sorbose D-Tagatose
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R "R 4 . CXH @
—0H * R —
&\(} R \DH

hemiacetal pyran
Fischerovy viorce Huaworthovy viorce
H
‘“’\\(/
I CH,OH
H—C—OH |-
?/E—DH
H—(C—0H DH(|_.—(|;‘ 0
H—(C—O0H H OH H OH
CH,OH D-slukopvranosa

POLOACETALOVY HYDROXYL -1






hemiketil

R—0\ /R 0
o U

furan

D-fruktofuranosa

POLOACETALOVY HYDROXYL -2






C
H-C—0H (THIGH
H o OH
ey HO—C—H ++— 0oH H
H—(—0H H H
H—C—OH H OH
CHEGH

O-anomer (63 %) «— MUTAROTACE ¢— P-anomer (36 %)



Ho 2 0)
1(|) Q
D
6CH,OH H— (|3 — OH 6CH,OH
30 4
H " H o
4 1 # H N C - OH # 4 1
OH H | OH H 4
HO ) / OH H—C—O0H HO ) / H o
|
H OH ®CH,0H H OH
o-D-Glucopyranose D-Glucose B-D-Glucopyranose

(linear form)



=

VANICKA
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© 2006 John Wiley & Sons

\

C d
/e
d
d
e—
d c
ZIDLICKA



Fischerova projekce:

CHO CcHO
H1 H H
H—|+—H H—|—Q
H H H 1 O

CHDH CHDF

D-ribosa 2-deoxy-D-ribosa
CHO ChUF
H[ —0
HO——H HO——H
H——QH H——C
H——QH H1+—Q
CHOH CHDF

D-glukosa D-fruktosa



Tollensovy vzorce D-glukosy:

CHO
H——H @ é
HO-—H \/
H—1 ] Pyran Furan
H| O
CHDH
H (H H H
H H HO HO
H——QH l) H——QH o H———CH l) H——H ¢
HO-—| H HO-—| H HO——H HO-—| H
H——CH ‘ H H——CH l H
H H1 H H H A
CHDH CHDH CHDH CHDH

a-D-glukopyranosa a-D-glukofuranosa B-D-glukopyranosa -D-glukofuranosa



Haworthovy vzorce D-glukosy:

H H H H
H H HO HO
H H H——H l) H——H O H———H ¢
!l H ? HIH L | H
H H H H—|—H H
H H| A H H1 H
CHDH CHDH CHDH CHDH
LA LA CHOH CHOH
H OH Ho H H OH H-CH
H H ' H H
H
H
a-D-glukopyranosa a-D-glukofuranosa B-D-glukopyranosa [B-D-glukofuranosa

Vlevo — nad Vpravo - pod



O H
H | O
Tollensovy vzorce fruktofuranosy: H—|—Q
(H HD CROF HOK HUOK
HOK CHDH HO Q
Ol H O 0 HA_of O H O o H |l o
H H ‘ ‘ HO—|H H OH ‘ ‘ Ho—|H
H H H H
CHDH CHDH CHDH CHDH
a-D-fruktofuranosa a-L-fruktofuranosa B-D- fruktofuranosa B-L-fruktofuranosa

Haworthovy vzorce fruktofuranosy:

CHDOH CHDOH H (H CRUH (H H CHO|
H H H H
H@iﬂ HOﬁQiWHH pDOHH
H H H H

a-D-fruktofuranosa a-L-fruktofuranosa B-D-fruktofuranosa B-L-fruktofuranosa



Prehled

olyceraldehyd, dihydroxyaceton
threosa, erythrosa

ribosa, deoxyribosa

olukosa, manosa, galaktosa
fruktosa

sedoheptulosa



1gHzOH
D—Glyéeraldehyde

CH,0H
D-Threose

CH,0OH
D-Erythrose

H 0 H o H o0
\C/ \C// \C/
HO——H H—7—0H HO——H
H——OH HO—r—H HO——H
H——OH H——0OH H——O0H
CH,0H CH,OH CH,0H CH,OH
D-Ribose D-Arabinose D-Xylose D-Lyxose
Y O\ 4 ~_ X
H 0 H ; O H H O 0]
\C,// \C/ x \ N \C/ 4
H——0OH HO H HOf—+/—H H——OH HO——/YH
H——OH H (}H H OH HO—/H HO
H——OH H —OH H H HO———H HO
H—/—OH H : —OH OH H-\—0H H——0H H—/=-0H
CH,OH Chy CH,OH -OH CR,OH CH,0OH H,OH
D-Allose D-Altrose D-Glucose 2 s D-Idose D-Galactose D-Talose
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2 (|::0

% CH:OH
Dihydroxyacetone

CH,0H
¢—o

H + OH

CH,0OH

D-Erythrulose

-

CH,OH
d=
HO——H
H———OH
CH,OH
D-Xylulos¢
CI_IQ%;I \CHEOH
=0 C=0
H— OH HO——H
H— H HO——y—H
H— OH H——r—0H
CH,0H CH,0H H,OH CH,0H
D-Psicose D-Fructose D-Sorbose D-Tagatose

Figure 7-6a Concepts in'Big
© 2006 John Wiley & Sons
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Derivity monosacharidu

Oxidace :

A, Mima = aldehydicka skupina — karboxylovou skupinu

N
I

COOH

—

ALDONOVE KYSELINY - glukosa — k. glukonova



H

\ / NH,OH + 2 AgNO, — Ag*[NH,],°OH-

C Tollens’ COO
HO—C—H reagent . HO—C—H n
CH,OH CH,OH
oTmesomwiayasons . 2C,H,(OH),(COO),KNa + 2CuS0,.5H,0 —
H /O 2C,H,(OH),(COO0),Cu + Na,SO, + K,SO, + 10H,0
N C /4 COO-
‘ 2 Cut |
HO—C—H  HO—C—H +
H—C—OH H—C—OH
CH,OH CH,OH

Figure 7-11b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



B. Specificka = primarni OH skupina — karboxylovou skupinu

—

ﬁCHzOH COOH

URONOVE KYSELINY - glukosa —|k. glukuronovi

C. Silna = aldehydicka skupina + primarni OH skupina

5P |
1C 1(;001'1

CH,0H COOH

ALDAROVE KYSELINY - glukosa — k. glukarovi



Tvorba laktonu u aldonovych a uronovych kyselin

COOH C—
H—C—OH H—C—OH
HO—C—QH _ HO—C—H 0
H—(C—0H H—(—O0OH
H—C—OH H—C—

CH,OH CH,0H

k.elukonova D-glukonolakton




H )] o OH
H
K)H g )+ NADP
HO H
H OH

Figure 7-11c Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

dehydrogenase

—

H
OH H

HO

H OH

O + NADPH + H?t



L-askorbova kyselina L-dehydroaskorbova kyselina



Redukce :
mirna = karbonylovi skupina — hydroxy skupinu

POLYHYDROXYALKOHOLY - ALDITOLY -itol

CH :DH
H—C—OH

HO—C—H
H—C—OH
H—C—OH

CH_OH
GLUCITOL - SORBITOL




Deoxveukry - OH skupina nahrazena H

OH,HC H OHHC




Aminocukry - OH skupina nahrazena NH; skupinou

CH,0H

H
H NHE H NHﬁZCH3
, _ 0
GLUKOSAMIN N-ACETYLGLUKOSAMI!

N-acetylglukosamin — chitin N-acetylgalaktosamin — chondrotinisulfat



Sialové kvseliny - kondenzace N-acetylmanosaminu + pyruvatu

CH,OH

K. SIALOVA




Glykosidy :

O-glukosid

glykosidicka vazba - OR, SR, NR - specificky stépi glvkosidasy



homoglykosidy - slozen ze sacharidu

Glykosidy
heteroglvkosidy - sacharid + aglvkon (genin)
galak tosid
Glykosidy glukosid

ribosid



Disacharidy :

A, Neredukujici - trehalosovytyp - | vl-id

0 - 0.-D - glukopyranosyl (1-1) - & - D - glukopyranosid

B. Redukujici - maltosovy typ - | vl-o0sa

0 - 0.-D - glukopyranosyl (1-4) - & - D - glukopyranosa



Neredukujici disacharidy



ol -0l

TREHALOSA

0 - ¢-D - glukopyranosyl (1-1) - 0.-D - glukopyranosid



ol-f2
SACHAROSA

0-0,-D - glukopyranosyl (1-2) - B - D - fruktofuranosid



Redukujici disacharidy



H
0/(1-4)
MALTOSA

0 - a-D - glukopyranosyl (1-24) - &t -D - glukopyranosa



H OH H OH
B(1-4)
LAKTOSA

0-B-D - galaktopyranosyl (1-34) - B -D - glukopyranosa



Intolerance na laktosu

0-20 %
2040 %
40-60 %

[
B coso0%
]

80-100 %



H
B(1-4)
CELLOBIOSA

0 - §-D - glukopyranosyl (1-4) - B -D - glukopyranosa



Polysacharidy :

homopolvsacharidy

Polysacharidy

heteropolvsacharidv

Funkce - stavebni

- zasobni



Metylacni analyza

|:| r'.'ll a I
) A

Methylation




HOMOPOLYSACHARIDY

Stavebni homopolysacharidy :

CELULOSA - glukosa (celobiosa)

CHITIN - N-acetylglukosamin

AGAROSA - galaktosa + 3, 6 - anhvdrogalaktosa

PEKTINY - galakturonova kyselina




Celulosa

-




Hemicelulosa

HO HO
0 0 0
OH OH O
0 0 0
OH  Ho 4 OH
OR—0

CH

OH
- Aylose - B1.4) - Mannose - B(1.4) - Glucose -
- dphal 1,3) - Galactose

Hemicellulose



Pektiny

methoxesdroep




Pectin

Middle {
Lamella

|

Cellulose
Microfibril
Primary
CellWwall 5
Plasma { . Hemicellulose
Membrane

Soluble
Protein
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R=¢ OH
R! R* R!

OH p
Lini B

"monomer"

R'==H.—-0OH 4-alkylcatechsl

or =0 ‘ ¥
Sample o %
Lignin Polymer e
Structure b



Plasma Secondary Wall Primary _
Membrane 33 &1 wall hiddle
P R . lamella

Gty

Call wall

baound
percddase,
faccass,
{H-glucosidase?)

= N _'

- I

e

“» YERRED

f

Lignin rich in
p=coumary alcobod

Ligrin rck in eaniferyl alcshal
and sinapyl alsohiol

Jlinin M Pectin (@ Callulose AU Hemicellulose



Chitin

(c) Chitin

CH
| . _—N-acetyl
Glucosamine ':i.‘aﬂ group
eta 1-4 H N*=—H CHyOH

glycosidic bond

O

H N-—H CH,OH H N—H

| Chitin |



CELLULOSE

Cinmis

NHCOCH, NHCOCH, MHLCQCH, NHCOCH,,



Agarosa




Zisobni homopolysacharidy :

SKROB - amylosa - glukosa - 0 (1-4) - 20 %

(40 - 150 000 MW)
amylopektin - glukosa - o (1>4) + o (1—6) - 80 %
(50 000 MW)
GLYKOGEN - glukosa - 0. (124) + o (1-6)

DEXTRAN - glukosa - ot (1—6) + o (124) + o (1-3)

INULIN - fruktosa f(1-)



B
Irving Geis/Geis Archives Trust. Copyright Howard Hughes edldm

H OH

Glucose Glucose n

o-Amylose

=
©
|RUING

GEelS




Amylopektin

CH,OH CH,OH
H, O _H H ‘ 0. H
Branch B N H 5
e —Q— OH H Lo~ OH H
O (1 6) branch point
H OH H OH
CH,OH CH,OH ch, CH,0H
Main g 1 o H H 0O.H H O.H H o_H
chamJ/H \L J/H N J./H \4 J " N
o N0 B L NOH B Lo NOH H Lo NoH H g
|
H OH H OH H OH H OH
Amylopectin



glykolysa

Glykogen




Skrob (a) a glykogen

Figure 7-19a Concepts in Biochemistry, 3/e Figure 7-19b Concepts in Biochemistry, 3/e



Heteropolysacharidy

CH,OH

H OH 0] H NHCOCH;,

D-Glucuronate N-Acetyl-D-glucosamine
Hyaluronate

CO0~ CH,OH
H 0

H

\OH H /

H OH 0 H NHCOCH;,

D-Glucuronate N-Acetyl-D-galactosamine-
4-sulfate
Chondroitin-4-sulfate
COO™ CH,0803

O\
H OH O H NHCOCH;
D-Glucuronate N-Acetyl-D-galactosamine-
G-sulfate

Chondroitin-6-sulfate

CH,OH

O\
H OH 0] H NHCOCH,
L-Iduronate N-Acetyl-D-galactosamine-

4-sulfate
Dermatan sulfate

CH,0H CH,0805

H OH H NHCOCH;
D-Galactose N-Acetyl-D-glucosamine-
6-sulfate

Keratan sulfate

CH;OST;

H  0S03 H  NHOSO3

L-Iduronate-2-sulfate N-Sulfo-D-glucosamine-
6-sulfate
Heparin




Antikoagulancia - Nepfim

Heparin

€ inhibitory trombinu / faktoru Xa

-

Vysokomolekularni heparin

Pentasacharidova
sekvence

~

e

Antitrombin

Faktor Xa

y

i Trombin
>

~

Nizkomolekularni heparin

Pentasacharidova
sekvence

CL*

Antitrombin

€ &

Faktor Xa

Pentasacharid

-~
c—

Antitrombin

Faktor Xa

‘;,




Slozeneé sacharidy

» Glykolipidy

* Glykoproteiny

* Proteoglykany

LISi SE POMEREM SLOZEK



Glykoproteiny — N-linked
\

\
@ C CH2 CH ASI].
\ o

OH H
. X

H NHCOCH;4
Ser or Thr
(NAG)




Glykoproteiny — O-linked

R =H or CHjq
CH,0OH CH,0OH -
HO O HO 0. {
H O H R =0
OH H
H H H N 0 CH CH
H OH H  NHCOCH, NH

|
B-Galactosyl-(1— 3)-a-N-acetylgalactosaminyl-Ser/ Thr

(b)

o-Mannosyl-Ser/Thr



Glykoproteiny

Ser or Thr Asn
NN CH NN Polypeptide chain NN CH (N Polypeptide chain
(i) CH,
GalNAc C=0
B(1 — y 02— 6)
Gal Sla NH
(a) O-Glycosidic bonds
GlIcNAc
B(1—4)
GlcNAc
B(1—4)
1 )fl EX 1— 6
o= %) o(l— 6)
Man \Man
wl_y ‘“1—*y a(1— 6)
Man Man Man
o(l1—-2) Oii]—h-z)l o(l—=~2)
Man Man Man
ol —= 2)|
Man
(b) N-Glycosidic bonds

Figure 7-31 Concepts in Biochemistry, 3/e
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Type Occurrence

v\\ Human
V—©®—-©®— immunoglobulin M (IgM),
-V Bovine rhodopsin
g Chicken ovalbumin
/ i L - 1
; v/ V-0-@ Sindbis virus
Human and rabbit
—A—-V- vV-0-0— transferrin,
v < o Rat liver plasma
—A— membrane
v | Vesicular
E-A-O S YW_@—@— stomatis
1—A—© v~ virus
&

Human immunoglobulin
. O V-0-0- ;i
H-—A-0- VY

¢
—A—© AN | Bovine immunoglobulin
Y00 ;4
A—0—-V

® =NAG, V¥ =Mannose, A = Galactose,
- = N-Acetylneuraminic acid, @ - Fucose



Glykoproteiny

Sugar groups —>

Protein —— Enhanced _

breakdown 3
by
hydrolysis

Circulating glycoprotein Circulating glycoprotein
missing a monosaccharide

Figure 7-32 Concepts in Biochemistry, 3/e
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Antimrazoveé glykoproteiny




Krevni skupiny

* V souCasné dobé nejméné 21 systému
lidskych krevnich skupin ( ABO, Rh, MNS,)

» Definovany systém antigenu pritomnych
na cervenych krvinkach

» Krevni typ (antigenni fenotyp) je urCovan
pomoci vhodnych protilatek

il

{

o
il - B

e w2
dnd-@
L T— ey el
]
R S

(



Krevni skupiny ABO

 Karl Landsteiner 1900
(1930 NC)




Chemicka podstata aglutinogenu a
aglutininu ABO

* Aglutinogeny — antigenni struktury na
membranovem povrchu ERY

Zakladni jednotka — oligosacharid vznikly
kombinaci 4 monosacharidu




Krevni skupiny

Type A
Nonreducing end
N-acetyl N-acetyl
: —  D-gal — .
RBC glucosamine Ealecion galactosamine
L-fucose
Type B
N-acetyl o
RBC /\/\/\ B osamine | D-galactose ~ —  D-galactose
L-fucose
Type O
RBC /\/\/\ gluN(;g:;gilne —  D-galactose = —OH
L-fucose

Unnumbered figure pg 225 Concepts in Biochemistry, 3/e
2006 John Wilev & Sons



ABO(H) system

* 4 zakladni krevni skupiny — A, B, AB a
0(H) podle pritomnosti aglutinogenu
(antigenu) A a B na povrchu membrany
ERY

* Protilatky v plazme (aglutininy) se vytvareji
v 1.roce zivota, proti tém antigenum, které
neobsawup viastni ERY

A A antigen AB| 0]
ﬁﬂ'antlgen _
B antigen
ﬂ K:tLLé _ A antibody

& ant _
B antibody 5 a”t'h':"j A B antibody




GEN H AB 2 GEN ABO
 ——
A OO —
fucosyl transferase A/B antigen A
antigen H Tb =3
H/H : Q ._. B/B §
H/h B/Q =
prekurzorov i
a molekula 4% anfigen®
o O
-B’ c
BOBRO | > —
: HOme !
C I
0/0 antigen H
antigen ,Bombay’
h/_h> .Q.—‘ ............... antigen
,Bombay*
] D-galaktosa @ N-acetylgalaktozamin

Q N-acetylglukosamin v L-fukosa


http://en.wikipedia.org/w/index.php?title=Fucosyl_transferase&action=edit&redlink=1

Blood Antibodies Reaction to
type made by added antibodies
of cells| Genotype | body Anti-A Anti-B
e % a : o.. ) o: e ..
A [*]* or [° | Anti-B v & B s e e
‘ ’ : ® : ® e .. ...
* .o '. e o ’ Q a
B Il or I} | Anti-A T L [
A e o ° ‘ “* ’
Neither N ¢ = ¥ 4
b
AB ' anti-A nor gt al® ‘G *a
anti-B w £ W “_" 4 A
Both R L ..':.'_‘:.
O 191° anti-Aand | .° .° _. s e R
anti-B G o [wme e O

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition,

Figure 10.14 ABO Blood Reactions Are Important in Transfusions

© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co.




SKUPINA A SKUPINA B | SKUPINA AB SKUPINA O
&
erytrocyty &
*
&>
AR | A SN SN P4
protilatky ‘{ ﬁ. '4 ﬁ._ 4 'ﬁ_ -’f ﬁ...
Anti-B Anti-A zadné Anti-A Anti-B
, ® 4 *$
t I
antigeny A antigen B antigen AaB zadné
antigeny
Blood o
" Aun D:L-;l:;!ll AB H,-‘
- ~
® e

T Y B
i 5 oL
& ® - oo
o g &
# i

& -

o

-

it

Aatisera

iy

A

® o

“u  Aglutinas:-




Dedichost krevnich skupin

Matka\Otec 0 A B AB
0 0 0,A 0,B A B
A 0,A 0,A 0,A, B,AB A, B, AB
B 0,B 0,A, B,AB 0,B A, B, AB

AB A B A, B, AB A, B,AB A, B,AB



Systém Rh Landstein Wiener

* Antigenni system Rh je vysoce komplexni
 Antigeny C, D, E, c,d, e

GEN RHD GEN RHCE
D
Cle Ele




Systém Rh

» Je-li pritomen antigen D, Rh-pozitivni
jedinec

» Chybi-li antigen D, Rh-negativni jedinec

* Protilatky anti-D vznikaji pouze pri
imunizaci Rh- prijemce krvinkami Rh* darce

 Protilatky jsou imunoglobuliny typu IgG



Hemolyticka nemoc
novorozencu




Proteoglykany — 95 % sacharid

(b}
| <
= Link protein Hyaluronic acid
+
7] < L] - . . L]
k | HE
i
e
- Care
B Protein  ———
+
< .
N Ndinked oligosaccharides : O-linked cligosaccharides

7\mm an

sulfate

Asn
Gal Galactose

GalNAc  N-Acetyl- —_— 8888

GlecNac  N-Acetyl-

glucosaming

GluA

Man Mannose S S

L] Mitrogen atom =

MNeuNAc  Sialic acid

[+] Oxygen atom e

Ser Serine —_—
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Bunecna stena bakterii
grampozitivni(a) a gramnegativni(b)

Gram +

<
1. NEOBARVENY | G+ s
PREPARAT 2




Bunecna stena bakterii
grampozitivni(a) a gramnegativni(b)

(a) Gram-positive bacteria

— Cytoplasm

(b) Gram-negative bacteria

Peptidoglycan Outer membrane

(cell wall) Peptidoglycan

Plasma (cell wall)

membrane Periplasmic
space

P~ Plasma
membrane

Cytoplasm




vneéjsi membrana

cytoplasmatickd —— ‘ : : Fﬂflh
membrana {m-m[h T |
= o o =. 5: B :
& ; A
. &
=, : oo I-.J g : _'_é s v ] P
s R periplasmovy prost
R peptidogiykan

Bunécna sténa je pomémeé silna. Vistva peptidoglykanu (PG) je tenéi. Nad
obsahuje kromé peptidoglvkanu ni je vnéjsi membrana (VM) —
proteiny. polvsacharidy a kvselinu fosfolipidova dvojvrstva - spojena s PG
teichoovou. molelulami lipoproteinu. Mezi PG a VMM

je periplasmovy prostor. Zevni strana
VM obsahuje lipopolyvsacharid (LPS).
LPS se sklada z toxického hipidu A
(endotoxin), zakladniho polysachandu a
specifického polysachandu. ktery
vyéniva z buiky (O antigen).

G+ bakterie G- bakterie

Nebezpecnéjsi

mykolova
kysealina

\

|

9

B e
§ &3 &
454

b

Odlizné slozeni bunééné stény

U kyseliny muramové v PG je misto
N-acetylu N-glvkol

Ve sténé je velké mnoZstvi volnych 1
vazanych hipidovych
kanmnnent];bsal?lgicich
mvkoloveé kvseliny.

Povrch je hvdrofobni, chrini prot
vyschnuti, detergentim,
kyselinam a alkoholu -

id ist
Nebarvi se Gramovym barvenim.

mykobakterie



LIPIDY

Lipos - tuk

Funkce : zdroj a reserva energie Jednoduché - neutralni

strukturni funkce SloZené - polarni, izoprenoidni - steroidni
ochranna a izolacni funkce Jednoduche - neutralni

ruzné biologickeé funkce Izoprenoidni - steroidn!

jednoduche
Lipidy slozené

izoprenoidni



Neutralni Polarni
Triacylglycerols Glycerophospholipids Sphingolipids
glycerol glycerol sphingosine
= = = Jhs = = 0 is
2 2 2 < 2 2 2
z|l |z 2 ol BN X |z
= = & 8 = =
=
=
S
5]
Storage lipids (nonpolar) Membrane lipids (polar)
(b)

(a)

Figure 8-6 Concepts in Biochemistry, 3/e
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Jednoduché lipidy :

chemicky - estery mastnych kyselin a alkohola

ACYLGLYCEROLY - triglyceridy - estery mastnych Kyselin a

glycerolu
0
R, lﬁ‘ 0—CH W

CH,— 0 C Rq



Adipocyty




Alkohol

(H,0H
CHOH

CH,0H

alycerol

(H,0H
HO—C—q

(H,0X

derivat sn-glyceroh
(L-glycerol)



Mastné kyseliny - nasycené

-(CH,-CH,)- «—— AcetCoA

}Qfﬂﬁﬁfﬁfﬁﬂiﬁ@/f “o

H,C CHCHCHCHCHCHCH,

K .PALMITOVA

C]ﬁHSEOI
///0
P N N e N W NV N e Ny
~OoH
K. STEAROVA
CH, O,

187736



Mastné kvseliny - nenasycené

Vitamin F

10 2

K. OLEJOVA

C

'1sH

SOI

P

C
AN
OH

N N e N N N N
13 12 10 9

K. LINOLOVA

C]EHSZDI

B i N W NP NP
16 1z 13 1T 1w o

C
AN

_ OH

K. LINOLENOVA

CISHSGDE




COOH COOH

-
1237

chain Double bornd

COOH
123"
Ccis
Double bond



Carboxyl HO

group

Hydrocarbon
chain

Figure 8-1a Concepts in Biochemistry, 3/e
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5y Bn ¥ : C\
OH
K.ARACHIDONOVA
C’Z[IHSEOI
Srdecni systém
Respiracni systéem
Reprodukcni systém
Gastrointestinalni trakt
prostaglandiny
. Pocity bolesti
Prostanoidy tromboxany Horegka
. Regulace krevniho tlaku
leukotrieny Indukci sraZeni krve

Reprodukéni funkce
Regulace cyklu spanku



Arachidonic Amide bond

acid residue
EI—IEI (}jI—IC{Z H | / H2
/ o ~c e ~c /
H,
H2C I(_:IZ I(—jlz I(_jlz CH Eth_anolaml.n.e
C:C/ \C:C _ \C _ \C _ 3 residue

or

Unnumbered figure pg235 Concepts in Biochemistry, 3/e
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Arachidonic acid

i C OH
Prostagland
c;; ;latgh :;13 in . (Cyclooxygenase, COX) € U
2
0 O—G—CHs + Ser
rrrr o W W
| WOH °
0 Aspirin
C:)OH (acetylsalicylic acid)
PGG, analgetikum — antipyretikum — antiflogistikum
Peroxidase
activity COOH
Thromboxane
PGH2 Tsz
Thromboxanes

PGE, PGD,

Prostaglandins

Figure 8-14 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



H;CO
N—cH,
)
(||) C=0
C—OH
Oi s
O Cl H;C
Aspirin Indomethacin Ibuprofen
(acetylsalicylic acid)
g
=0
NH
g
I I CH—COOH
OH H;CO
Acetaminophen Naproxen (Aleve)

Figure 8-15a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

CH,COOH

g
CH—COOH



Dulezité reakce tuki - zmydeliiovani - NaOH
- ztuzovini - H;

- Zluknuti - O,

CH,OCR
I CH,OH RCOO™Na*
O NaOH
CHO(”:R'+ 3H;0 — CHOH + R'COO~Na*
O CH,OH R’COO Na*
CHQOﬁR" Glycerol Soaps
O (Na™ salts of
Triacylglycerols Eaty acids) Glycerol Glycerol
gnzr:;r:r:':'dv::?:;;;;iﬁ!h Concepts in Biochemistry, 3/e O O O O O O
o
Cis || Cis| Cis | Catalyst Trans Cis |
and/or
Cis | Cis | pressure

Liquid cis-fat Solid trans-fat

Figure 8-3 Concepts in Biochemistry, 3/e
©2006 John Wiley & Sons



Lipoperoxidace
reaktivni formy kysliku (ROS)

R H,O

/ +~ "OH ) > / Lipid radical

Initiation

Unsaturated lipid
Propagatlon

Lipid perOX|de Lipid peroxyl radical



VOSKY - estery mastnych kyselin a alifatickych alkoholu

veeli vosk - palmitan myricylnaty (Cy;Hz OH)
vorvanovina - palmitan cetvlnaty (CyH;;OH)

anolin

carnaubsky vosk



Slozené lipidy

FOSFOLIPIDY

A. Fosfoacvlglvceroly - fosfatidy

K. FOSFATIDOVA

1,2-diacvl-glycerol-3-fosforecna k.




_ +
HO—CH—CH;—NH,

ETHANOLAMIN
- +
HO— CH—CH—NH,
cOo0

SERIN

THS
_+
CH,—T"—CHj

CH3

HO—CH

2

CHOLIN

HO— CH1—I’T‘H—‘TH2
OH OH

GLYCEROL

OH OH

OH

OH

INOSITOL



Fosfatidylcholin - lecitiny
Fosfatidylethanolamin - kefaliny

Bisfosfatidylglveerol - kardiolipin

o

CH,—0—P—0—CH,

%,‘ HO—CH

Fosfatidylinositol




Plazmalogeny

(‘) THZ 0—CHE=CHR,

RI_C_O_CH ﬁ

.t
(= 0—P—0—C—CH N,

8



Name of X

Structure of X

Name of
Glycerophospholipids

(a) Hydrogen

(b) Ethanolamine

(c) Choline

(d) Serine

(e) Inositol

—H
+
—CH,—CH,—NH;
+
—CH,—CH,—N(CH3);

+
-—CHT—EH—ﬂﬂh
COO~

OH OH
H

Gl

H OH
OH H

Figure 8-7 part 2 Concepts in Biochemistry, 3/e
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Phosphatidic acid

Phosphatidylethanolamine

Phosphatidylcholine

Phosphatidylserine

Phosphatidylinositol



B. Sfingomyveliny - sfingofosfolipidy

(IHS—{C.’H:]F{.‘H—CH TH OH

¢|Z.‘H—I\'H1
SFINGOSIN
CH,—~(CH)z-=CH—=CH—CH—OH
Rl—ﬁf—}EH—ﬁH W THE"
0 CH;—O0—P U—«::H,,—(:Hz—?r'—c:H3
CH,

SFINGOMYELIN



Name of

Name of X Structure of X Sphingolipid

(b) Hydrogen —H Ceramide

@)

+

(c) Phosphocholine —P—0O—CH,CH,;N(CHj3); Sphingomyelin

O~

CH,OH
H 2

(d) Glucose Glucosylcerebroside
(e) Complex Ganglioside

oligosaccharide

Figure 8-8 part 2 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




GLYKOLIPIDY

A. Glvcerolelvkolipidy

l‘i‘l CH—0—C—R
R-C—0—CH
CH,OH
0

HO



B. Cerebrosidy

CH,—~(CH,); CH=CH—CH—OH

R—C—NH—CH
| | CH,OH

HO

galaktocerebrosidy - mozek
sulfatidy

glukocerebrosidy - ostatni tkané

C. Glvkosfingolipidy

gangliosidy - sialova Kyselina - ganglie nervovych bunék



Izoprenoidni lipidy

Zakladni strukturni jednotka - izopren 2-methyl-1.3-butadien

{|:IH3 (‘ZH3

CHZZC—CH:{.'H2 CH2 C—(.‘H—CH:—

izopren izopentenyl



|lzoprenoidy

I_ﬁ Izopren (2-methylbuta-1,3-dien)

terpenoidy (terpeny)

linearni
Isoprenoidy o |
zlucove kyseliny
steroidy steroidni hormony
L (pohlavni a kortikoidni h.)
cyklicke

steroidni alkoholy = steroly
(cholesterol, vitamin D).



a) Terpenoidy = terpeny

Monoterpeny
Seskviterpeny
Diterpeny

Triterpeny

Tetraterpeny

Polyterpeny

DL

!

o

e

C10, 2 isopreny
C15, 3 isopreny
C20, 4 isopreny
C30, 6 isoprenu

C40, 8 isoprenu

C5n, nisoprend

Isopren (2-methylbuta-1,3-dien)

Limonen, menthol, kafr, pinen

Vitamin A (retinol), fytol

Karotenoidy, skvalen

Prirodni kaucuk



|lzoprenoidy

zdroje: silice (étericke oleje) — vonici tekave kapaliny
(hlavné kveéty a plody rostlin)

- P g = LR s g
e . e L )
i gt P " ‘qaﬂ - ﬂ‘ ¥ Rl '.'I i I A I y - "F = ol 2
" ik & LA o a 1 i ] LT [ il 2 o & a1 g j#‘ LAY
7 -l S o : R e e ) gl Ll T
& 3 - 3 ) o r. .

~ nerozpustné ve vodé, vznikaji oxidaci silic v mistech
poruseni klry jehlicnand, specificka vliné
balzamy — polotekuté smesi silic a pryskyric



Silice: U U

Vitamin A a karotenoidy:




Terpeny (Terpenoidy, Isoprenoidy)

Monoterpenes Sesquiterpenes
I:*IIII I:15
OH __ ~ N
< _ _ "OH - CooH
o
pinane menthol farnesan ahcisic acid
silice v terpentynu silice v maté  vuné zralych jablek  rostlinny hormon

Diterpenes OH Sesterterpenes . CH

soucast chlorofylu

phytol

®

wklﬁ(&

“} oty

Taxol
sgualene

alkaloid z tisu jatra zZraloka



STEROIDY

STERAN - cyklopentanoperhydrofenantren




A, Steroly

CHOLESTEROL



Steroidni hormony

cholesterol

(C i?)

Pregmnemn olon

(C 11)

gestageny

glukokortikoidv mineralkortikoidwv androgenyv
(C 21) (C 21) (C 191

esfrogeny
(C 18)

+biosyntesa glykogenu

Glukokortikoidy - kortisol, kortikosteron - kiura nadledvinek - proteosyntesa

zadrzovani Na*, Cl-. HCOj "

Mineralkortikoidy - aldosteron - kura nadledvinek s
vyluCovani K*

Androgeny - testosteron - varlata
Estrogeny - estron, estradiol. estratriol - vajec¢niky

Gestageny - progesteron - vajeéniky



[ ——

wholesteral
(S-cholesten-3,0 -ol)

ester cholesterolu

1 O g

IO HO

2022 -dihydroxycholesteral

Ppregmenalcm
(RO, Z22-dihydroxy-S-cholesten -39 -ol)

(B -hydrosy-S-pragmnen-20-cm)

o] O

- b

e

Progesiencmn
(4-pregren-3, 20-diaon}

|

—— e

o

1 7-hydmoxyprogesierom
(T FP-hydrosy-<4-pregren-
3. 20-diam)

1 FP-hydroxy pregnenolon
(3T 3 ?7-dihydraay-S-pregnemn-
20 -on)

L]

L]
komikosteron

(19,7, 2V -dihydrozy-4-pregremn-
F. 20 -diam)

kortesorl
(A3, 8,77, 2% -trihydromxy-
4-pregnen-3,20-dian)

androstendion
(d-androsten-3,1 7 -dicmn)

-

O [olo ]

e

TTFH -estradicl

aldostaeron tesliosSteron

(115, 21 -~-dihydroxy-3,. 20-dioxo-
4-pregnen-T1S-al)

(1.3.5{10)-estratrien-3_1 70 -
Jial)

(1 Fa-hydroxy-4d-androstsm-
S -an)



jatra — Zlucnik

B. ZIuéové kyseliny - k.cholova, k. glykocholova, k. taurocholova

C00

CONH—CH!—COO

CONH—CH—CH—S0,




C. Kalciferoly - vitaminy - D; - cholekalciferol, D, - ergokalciferol

provitamin D prekalciferol
CH, R

kalciferol



Membrany

Air




Membrany
detergenty, tenzidy,

T 1




Membrany
fosfolipidy

(b)




Membrany
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Biomembrany : agregované formy biolipidu

Vvznam biomembran - transport

- I{GIH]}FI]TIHE' ntace

- komunikace



Biomembrany : agregované formy biolipidu

Molekulové slozeni membran

Membr:ina proteiny lipidy sacharidy
% % %o
cytoplazmaticka 49 43 3
jaderna 59 335 2
mitochondriilni vnéjsi 32 46 2
mitochondrialni vniti'ni 76 23 1
myelinova 18 79 3




¢ Lipidy - fosfolipidy, cholestorol

funkce - strukturni

Lipid (%) erythrocyt | mvelin | mitochondrie| E.coli
fosfatidylcholin 19 10 39 0
fosfatidylethanolamin 18 20 27 03
fosfatidylglycerol 0 0 0 18
kardiolipin | 0 23 12
sfingomyelin 18 9 0 0
glvkolipidy 10 26 0 0
cholesterol 23 26 3 0




Fosfolipid, sfingomyelin, gangliosid, cholesterol




¢ Bilkoviny - integralni, periferni

funkce - enzymy

prenasece
receptory

strukturni



¢ Sacharidy - glykolipidy, glykoproteiny

funkce - kotveni glykolipidi a glykoproteini

v membranach

- roZpoznaAvaci



Glycolipid Oligosaccharide Integral protein Hydrophobic
o helix

Phospholipid Cholesterol




Membranove vazaneée bilkoviny

integral GPIl anchored

§ 2)
o ~ lipid bilayer e
| lipid anéhorecl
4
N/

single and multiple pass

peripheral



Bakteriornodopsin




Modely membrdn

GORTER o GRENDL (1923) - Lipdova dvojrrstya
SINGER 2 NICHOLSON (1972) - Model tekuté mozaiky



sfingolipid

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Lipidicka dvojvrstva
5—7.5nm




Model tekuté mozaiky

Outer face Phospholipid Fatty acyl Carbohydrate moiety Cholesterol
heads (polar) ¢ tails (nonpolar) of glycoprotein

Lipid — T T
bilayer
5-8 nm
Peripheral protein Integral proteins Peripheral protein
Inner face with covalent lipid anchor

Figure 9-6 Concepts in Biochemistry, 3/e
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Difuze lipidu v membrane




Difuze lipidu v membrané

recovery

>




Liposom

Courtesy of Walter Stoeckenius, University of California at San Francisco



Liposomy
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Transport
Prisun zivin
Odstranovani odpadnich latek

Udrzeni osmotické rovnovahy

Udrzovani potrebnych chemickych a
elektrochemickych rovnovah



Lransport litek membrinami :

o Nespecifickd permeace  Bez prenasece

o Specificky prendsecovy systém - pasivni transport - usnadnéni
S prenasec¢em - bilkovina 2 V}”méﬂﬂfl

difuze

- aktivni transport

¢ Pinocytoza - Endocytéza

- Exocytéza



Prosta difuze

C; >>Cy
Net flow No net flow

.

T

Figure 9-7 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Osmoza

Polopropustng
s TAV 1 membrdna

|

Koncentrovanéjsi roztok . Méné koncentrovany roztok

|
|
!

@

ol
1@.

@  Rozpuiténd ldtka
Q@ Rozpoustédio

“-—- Smér difuze rozpoustédia (viastni osmdza)

STAV 2

Oba roztoky
o stejné
koncentraci

@ o




Nespecificky transport

* Rozpustenim v membranovych lipidech —
plyny, organicke latky

* Nepravidelnostmi v usporadani lipidu —
H,O

* Pory



Gases

Small
uncharged
polar
maolecules

Water
Urea

Large
uncharged
polar
molecules

lons

Charged
polar
molecules

co

2

N o= one
- ]
(e |

Ethanol O""“—_—i _O:—h-
e @

Hio T SN L

NH, —C—NH,

" o — @

i

Glucose @ =i ]
(e, )

K* Mg?*, CaZ*,

CI-, HCO., =

HPO,2 O—=0
(e )

Amino acids (=)

ATP P =" — ]

Glucose 6-phosphate @ e )]
i =



Prosta difuze - pory

;

DOOOEE
5

mm

.




Rozpustenim v membranovych lipidech —
plyny, organicke latky

Nepravidelnostmi v usporadani lipidu —
H,O

Pory

Hydrofilnimi kanalky



Mezerovy spoj - konexin

Cytoplasm Cytoplasm

lons,
amino acids, ° °.
sugars, s
nucleotides
e ————————— Proteins,
nucleic acids

v

Intercellular space



Difuze prosta versus usnadnéena

e e —

i = = = L gre—w
k
T |
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=
== |
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=
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=
=
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—_Z2<—-0W>»T

Typy transportu

(a) Uniport i EI (b) Symport (c) Antiport |

CotranSRort

1
| - R S T ——————— |
igure 9-8 C i



Pasivni transport —
usnadnena difuze

?%

- 1 !
%f?-—- -E_I

S
g
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Usnadnéna difuze

Glucose in blood

[Slou = 5 mM
Erythrocyte
membrane

Glucose
permease

Intracellular glucose —> Energy-yielding
[S];, <5 mM metabolism

CYTOPLASM

EXTRACELLULAR
FLUID

Figure 9-13 Concepts in Biochemistry, 3/e
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transport

r

vl

Akt

Cr
ATP

DOLOLLLLLDLLOLLLOLG

ANVIIINAIN

0.0 .0 .0.0.0.0.0.0.0.0.0.0.0,

ADP + P
S

VINSV'Id

1,0 .0 0.0 0.0 .0.0.0.0.0.0.0.0.0
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Na* ATPasa
/

EXTRACELLULAR
FLUID

CYTOPLASM O
)
Q
3 Na®
Step 1 Three Na™ bind Step3  TWo K" bind to
to the cytoplasmic the extracellular
side of the side of the
transporter. transporter.
tep 2 Enzyme-catalyzed 4 Enzyme—.cata.ly;ed .
s phosphorylation by ATP SR hydrolytic elimination of
triggers a conformational the phosphoryl group
change that shifts three returns the transporter to
Na™ outside the cell. its original conformation

and moves two K™ into the cell.

Figure 9-16 Concepts in Biochemistry, 3/e
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Pinocytoza - endocytoza

Plasma membrane

LDL particle:

Phospholipid

layer Cholesteryl
esters Uncoated

) vesicle
ApoB -100 | Crathrin vesicle (pH ~ 7.0)
7oteln \3:"‘ Clathrin tnskellonsP\/P\/
o) '
receptor

Degradation “".,.

of LDL to: Separation of
amino acids = LDL from
cholesterol Secondary receptor
fatty acids lysosome

Recycling of

/] receptors to
//  plasma membrane



Pinocytoza - exocytoza

vacky splyvaji

s cytoplazmatickou
mebrénou a uvolfiuji
sviij obsah do okoli



Plazmaticke lipoproteiny

Charakteristiky hlavnich tfid lipoprotein v lidské plasmé

Tida lipoproteinu Hlavi fipidy " Apoproteiny | Hustota Primér cstice
o /mL nm
Chylomukrony a zbytky  triacylglyceroly v dietd A-LA-ILB48, C-LC-ILC-IIL E <095 80300
Transport triacylglycerolu do jater
VLDL endogenni triacylglyceroly, B-100,C-L.C-L 0,95-1,006 30-80
estery cholesterolu, cholesterol
Transport triacylglycerolt do tkani
DL gstery cholesterolu, B-100,C-ILE 1 006-1.019 283
tacvglveeroly, cholesterol
LDL estery cholesterolu, cholesteral,  B-100 1 019=1.063 18-28
triacylghyceroly,
Transport cholesterolu do tkani - Spatny
s Transégtlgtwg]r‘ll{i]) ‘JJEIPAIE_&]ID]Q})B]‘HAE AJ&%]* l,[]fﬂ- | Jm - 5-]3




Plazmaticke lipoproteiny

Exogenous pathway

Bile acids and
cholesterol

Dietary fat

LDL receptors

Intestine

Extrahepatic tissue

Remnant
receptor

Remnants
ApoE

O B-48

Plasma LCAT
(lecithin-cholestero
acyl transferase)

lipoprotein lipase lipoprotein lipase
Free fatty acids Free fatty acids

Adipose tissue, muscle Adipose tissue, muscle



Cholesteryl ester

Triacylglycerol

Free cholesternd

Phosphaolipid



