


Sacharidy

* Prirozeneé se vyskytujici slouceniny uhliku, aldehydy a ketony, které
obsahuji nekolik hydroxylovych skupin. Délime je na monosacharidy

(jednoduché cukry), oligosacharidy a polysacharidy.

* NejdulezitéjSim cukrem je D-glukdza

HMC{;O

|
H-(f-C}H

HO=C—=H
H—C—OH
H—C—OH

CH,OH

Glucose
(an aldohexose)

?HZOH

i
HO=C—H

H=C—OH
H=C—=OH

CH,OH

Fructose
(a ketohexose)

Ribose

(an aldopentose)

?HQDH

(f:{:}
HO=C—=H

H—?~DH
H-?—DH
H—?*DH

CH,OH

Sedoheptulose
(a ketoheptose)
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Jak spravne zakreslit sacharidy

* Fischerova projekce:

Press flat
W X
“‘a.q -~ , .
: /
/
Fischer
projection
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Fischerova projekce

Bonds
out of page

CHO
- ___@__H__'_'_"_‘::} Bonds
HO -1 12\ S A .'._._'._ into page

(R)-Glyceraldehyde
(Fischer projection)
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Uzite€ny link: https://cs.wikipedia.org/wiki/Fischerova_projekce



Fischerova projekce

* Co lze délat, aneb povolené operace.

180°
e TN __~ Hold steady ~__
CHO CH,OH o
CHO
H OH same as HO H -
same as HO CH»OH
CH,OH CHO
N\H. _f{/' H
(R)-Glyceraldehyde (R)-Glyceraldehyde (R)-Glyceraldehyde (R)-Glyceraldehyde

Pozor pri otoceni o0 90° dojde ke zméné konfigurace na chiralnim uhliku.

CHO 30" -
5 +C}Hf Not HI:::uc:.42+{i:H{::.
N\~ CH,OH same as OH
(R)-Glyceraldehyde (S)-Glyceraldehyde
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D-glukdza ve Fischerove projekci

|_ H 0
=——=OH H——OH
— — HOm——=H = HO ——H
| Hm——=OH H——OH
HO CH,OH H-?-OH H——OH
CH,OH CH,OH
Zobrazeni D-glukosy ve Fischerové projekci =
H. 0O H_ O
https://cs.wikipedia.org/wiki/Fischerova_projekce ¢ (f‘
H—r—OH H=C-=0H
HO——H HD--:‘|3-H
H—r—OH B H--(|I--CJH B
H—r—OH H-{|3-0H
CH,OH -:‘EHEOH
Glucose

McMurry — Organic chemistry (carbonyl group at top)



D, L - monosacharidy

~o#
HO*}—H
CH,OH

L-Glyceraldehyde
[(S)-(-)-glyceraldehyde]

H 20
H—+—OH
CH,OH

D-Glyceraldehyde
[(R)-(+)-glyceraldehyde]

Mirror
4

H\“C”’?D D‘“\“‘C’JH
HO——H H——O0OH

H——O0H HO——H
HO——H H—r—0OH
HO—r—H H—r—0OH
CH,OH CH,0OH

L-Glucose D-Glucose

(not naturally occurring)

CH,OH

D-Ribose

HHC"’?D
H—/—OH

HO——H
H—/—OH
H——OH
CH,0OH

D-Glucose

CH-,OH
c=0
HO—H
H——OH
H——O0OH
CH-,OH
D-Fructose

McMurry — Organic chemistry



Vyznamne monosacharidy

* D-ribdza (aldopentdza, furanosa, souc¢ast RNA a nukleotidovych koenzymu)

* D-glukoza (aldohexoza, pyranosa, vyskyt predevsim v jejich polymerech
jako je celuldza a skrob, tzv. ,krevni cukr®)

e D-galaktdza (soucast mlééného cukru, vyznamna pro vyzivu ¢lovéka)

* D-mandza (spolu s D-galaktézou pritomna v glykolipidech a
glykoproteinech)

* D-ribuloza (ketopentdza, metabolismus hexoz a fotosyntéza)

» D-fruktdza (ovocné stavy, med, sachardza, inulin)

e 2-deoxy-D-riboza (DNA)

e N-acetyl-D-glukosamin a N-acetyl-galaktosamin (glykoproteiny)



HyC—/ ——o—/ —OH
OH
HO

HO

CHO

L-Fucose
(6-deoxy-L-galactose)

CH,0H

Ho—\——0
Howf OH  Ho-

MHCOCH3

CHO
H—f—NHCOCHz
HO——H
H——OH
H——OH
CH,OH

N-Acetyl-D-
glucosamine
(2-acetamido-
2-deoxy-D-glucose)

CH>0OH
HO— “"'“\5‘-’*"' C
HO _OH
OH
CHO CHO
H—r—0OH H—r—0QH
HO——H HO——H
HO——H H—r—0QH
H——0OH H— —0OH
CH,OH CH,OH
D-Galactose D-Glucose
HO—\— 2
HO -
MHCOCH3 OH
CHO CHO
H—r—MNHCOCH3 H——0OH
HO——H HO——H
HO——H H— 4 —0QH
H—r—0OH CH;0H
CH,0H
N-Acetyl-D- D-Xylose

galactosamine
(2-acetamido-
2-deoxy-D-galactose)

CH,OH

CHO
HO——H
HO——H
H——OH
H——OH
CH30H

D-Mannose

NHCOCH3
CO,H
¢=o
tH,

H——OH

CH3CONH——H

HO——H
H——OH
H——OH
CH,0H

N-Acetyl-D-neuraminic acid

Galactose — Glucose

= Ls

/ !

Xylose Glucosamine

Fructose

!

Fucose

Galactosamine Mannosamine

l

MNeuraminic acid
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Konfigurace e
aldoz

[ar]

C%:_,.H S_E_E_C_#H
R/L H——OH HO——H
2R H——0OH H——0OH
CHzOH CH2OH
O-Erythrose O-Threosa
S%FIH C%’-{‘”H C“}T”H Oy, . H
Rl H——0OH HO——H H——0OH HO——H
2R2L H——0OH H——IOH HO——H HO——H
4R H——OH H——0OH H——1OH H——0OH
CH;0H CHyOH CHy0H LCH;0H
b-Hibose O-Arabinose O-Xylose D-Lynose
S%FF,H S%FF_,H Oy, -H c%(“,H S%FfH ”'Hr-"'H :%c,,-l C;‘T,}H
RL H——0OH HO——H H——0OH HO H H OH HO H i OH HO—H
2R2L  H——0OH H——0OH HO H HO H H OH H OH H H HO H
4R4L  H——0OH H——0OH H——0OH H——0OH HO——H HO H HO: H HO——H
R H I H i) H——0OH H O H [ H OH i O H——L
MCMurry _ Organic Chemistry CH,OH CH-OH CH,OH CH,OH CH-OH CHZOH CHOH CH,OH 10
D-Alloss D-Alrose O-Glucose p-Mannose D-Gulose O-Idose D-Galactosa b-Talose



O H* OH
| catalyst |

Cyklickd struktura monosacharidd =+ """~ w=

An aldehyde A hemiacetal

,r” \ 7 Bla | o

H—DH 1°C:
H OH | ’ \ H-2—on |
cis oxygens H——0H trans oxygens

3 -' y 3 | —

|
H | {a anomer) HO——H | (B anomer) Yo : H I

a-D-Glucopyranose

B-D-Glucopyranose
(37.3%)

Pyran (62.6%)
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trans oxygens
(B anomer)

B-D-Fructopyranose (70%)
(+2% a anomer)

N

HO—2

trans oxygens |-|.*,::|—:“1
(# anomer)

0

HO A2
CH,OH
1

4 3
OH

B-D-Fructofuranose (23%)
(+5% a anomer)




Reakce monosacharidu

* 1. Mutarotace (preména jednoho anomeru na druhy)

e 2. Oxidace a redukce (redukci anomerniho centra vznika napt.
sorbitol. Naopak oxidaci napr. kyselina glukonova)

* 3. Glykosylace (reakce anomerniho OH s alkoholem, glykosidy)

* 4. Epimerizace (ve slabé zasaditém prostredi dochazi k preménam
cukru pres endiolovy meziprodukt, napr. D-glukdza je v rovnovaze s
D-fruktézou a D-manozou. D-glukdza a D-manoza se lisi v konfiguraci
na C-2, epimery)

e 5. Esterifikace (OH skupinu cukrd mohou vytvaret estery, napt.
glukoza-6-fosfat)



Tollensovo a Fehlingovo Cinidlo o co, 1o

Sy S . HC ow . 0~
e Redukujici a neredukujici sacharidy e GmoTal,
| 00 ‘}IDE_
- wiki
“OH

lactose sucrose

2 AgNO; + 2 NaOH - Ag,0 (s) + 2 NaNO, FH&iS)]
+H,0
Ag,0 (s) + 4 NH; + 2 NaNO; + H,0 > 2
[Ag(NH,),INO; + 2 NaOH

"Fethg

RCHO + 2 Cu2* + 5 OH- = RCOO- + Cu,0 + 3 H,0
Tollens

2 [Ag(NH,),]* + RCHO + H,0 > 2 Ag(s) + 4 NH, + RCOOH + 2 H*
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Mutarotace

* Je reverzibilni otevreni hemiacetalového kruhu kazdého s anomeru a
jeho nasledné uzavreni.

a-D-Glucopyranose B-D-Glucopyranose
[zlp = +112.2 [x]lp = +18.7

McMurry — Organic chemistry



Oxidace a redukce

Ao .#° CHZ0H
H——OH H——OH
__ . |HO——H NaBHy ~ HO——H
I T 120 H——O0OH
H—L OH H—r—OH
CH,0H CHz0H
B-D-Glucopyranose D-Glucose D-Glucitol (D-sorbitol),
an alditol
HHC,;G I—C.KC:&G
H——0OH H——OH
HO™ __ . HO——H Bra, H0  HO——H
HO - —OH = pH =6
H——0OH H——0OH
H——OH H——0OH
CH,0H CH,0H
D-Glucose D-Gluconic acid

[an aldonic acid)

McMurry — Organic chemistry






Glykosidace

CH,0H CH4OH CH;0OH CH,0H
0 0 0

HO HCI HO HO
OH OH OH

OCH5

B-D-Glucopyranose Methyl a-D-glucopyranoside Methyl B-D-glucopyranoside
(a cyclic hemiacetal) (66%) (33%)

Trisaccharide

Digitoxigenin, a glycoside



Epimerizace

CH20H CH,0H CH,0H

D-Fructose An enediol D-Mannose




Esterifikace crion_

HO
HO OH o

OH

D-Glucose 0o o |
IR P
N (]

Uridine
5'-triphosphate (UTP)

o

D-Glucosyl phosphate OH

D-Glucosyluridine

5'-diphosphate OH OH
(UDP-glucose)

o o

CH,OH
0

oLl

OH



Dalsi reakce

* Prodluzovani retézce — Kiliani-Fisherova syntéza

Il He __-NH H. 0O
H——O0H H——0OH H——0OH
H OH H OH H OH
HMEC*:;-D T T o
HCN Hy HzO*
. + e + e S +
H*}’DH Pd catalyst
I H . ~NH H .20
An aldose v v
HO——H HO——H HO——H
H——0H H——0OH H——0OH
Two Two Two
cyanohydrins imines

chain-lengthened
aldoses



* Wohlovo odbouranani — zkracovani retézce

—OH

—H (CH3C0),0
e
—H

—OH
CH20H CH20H CH20H CH20H

D-Galactose D-Galactose A cyanohydrin D-Lyxose (37%)
oxime




Dulezité sacharidy

HO
CH,OH
—\__-0

CH,0H

HO - Y
OH
CHO CHO
H——O0OH H——OH
HO——H HO——H
HO——H H——O0H
H——0OH H———0OH
CH,0OH CH50H
D-Galactose D-Glucose
O OH
—
HO O N\
Oxygen
missing

a-D-2-Deoxyribopyranose (40%)
(+ 35% B anomer)

CH,OH

HO ©
HO OH
NHCOCH3
CHO
H——NHCOCH3
HO——H
CHO
HO——H H——OH
HO——H H——0H
H——OH CH,OH
H——0OH N-Acetyl-D-
CH,OH glucosamine
(2-acetamido-
D-Mannose 2-deoxy-D-glucose)
H\‘C/;’O
H——H |
—_—
H——0H - OH
H——OH OH \
CH,0OH
(0.7%) a-D-2-Deoxyribofuranose (13%)

(+ 12% B anomer)
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Disacharidy

OH
OH
lactose

HO/ O A\

OH
maltose

HO
OH
HO” Y o™ Yo OF Ho
OH

trehalose

HO—
A_OH
@)
o ‘\\(-) OH

H/(:Q “"OH

OH
sucrose

* VVznikaji vytvorenim glykosidické vazby mezi anomernim OH jednoho
monosacharidu a jakymkoli OH (kromé anomerniho) druhého

monosacharidu.

* Maltdza — vznika stépenim skrobu ve sladu

* Trehaldza — houby, hmyz, bakterie

* Celobioza — stavebni jednotka celulozy

* Laktoza - mlécny cukr (kravské mléko)

e Sachardza (sacharidova rezerva v rostlinach, véely produkuji v
zazivacim traktu smes glukozy a fruktozy — med))



Maltoza a celobiodza

Vyborny zdroj energie pro lidsky organismus

CH0H

—-___1\5______- L

Maltose, a 1— 4-a-glycoside
[4- O-(a-D-glucopyranosyl)-a-D-glucopyranose]

Redukujici cukry,
vykazujici
mutarotaci

Maltose or cellobiose
(B anomers)

Nestravitelna pro lidsky organismus

CH,0H
____l‘:.L_____- O

Cellobiose, a 1— 4-8-glycoside
[4-0-(B-D-glucopyranosyl)-8-D-glucopyranose]

Maltose or cellobiose Maltose or cellobiose
(aldehydes) (@ anomers)

McMurry — Organic chemistry
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Laktoza a sacharoza

B-Glucopyranose B-Fructofuranoside
CH-,0OH /
/ a-Glucopyranoside O :
2
CH,OH \ 0 1 HO
oH O CH,OH
OH HOCH, OH

B-Galactopyranoside H

Ho HO
Lactose, a 1— 4-B-glycoside

[4-O-(B-D-galactopyranosyl)-g-D-glucopyranose] Sucrose, a 1— 2-glycoside
[2-O-(a-D-glucopyranosyl)-g-D-fructofuranoside]
Vyskyt prevazné v mléce savcu, dllezita pro vyzivu
Patrné nejdostupnéjsi a nejhojnéjsi Cista latka
kterou lze na svété koupit

CH.OH CH,0H Lactase CH,0H CH,OH
BT -0 H.O W : ;
A O s I N I
'OH \J e O N OH
OH OH OH OH
Lactose D-galactose D-glucose

McMurry — Organic chemistry 26



Polysacharidy

* Polymery monosacharidu

e Podle funkce: strukturni (mechanicka stabilita bunék ¢i organismu),
polysacharidy vazici vodu (mimoradné hydratované, zabranuiji
vysychani tkani), rezervni polysacharidy (zasoba sacharidu, vyziva)

* Homoglykany (slozené z jednoho druhu monosacharidu),
Heteroglykany (slozené z vice druht monosacharidu).



HO o

HO

V\yznamné polysacharidy N o

OH
O

* Glykogen (zasobni polysacharid, glukdza)

HO
on oY OH
* Amylopektin (Skrob) T |—C|)o
OH O OH
OH  OH

* Celuldéza (Stavebni polysacharid, glukoza)

* Inulin (polymer fruktdézy, nahrazka skrobu u diabetiku) inulin
e Chitin (N-acetylglukosamin, stavebni polysacharid, houby, hmyz)

e Bakterie (murein, dextran), rostliny (agardza, keregnan, celuloza,
xyloglukan, arabinan, amyloza, amylopektin, inulin), zivoCichové
(chitin, glykogen, kyselina hyaluronova).



Stavebni materidl rostlin (listy,
trava, kmeny, bavina atd.... 2
Nitroceluldza je zakladni slozkou  HO
modernich bezdymnych prachd.
SlouZi jako uloZisté CO, -
fotosyntéza

Amylose, a 1—4-0-(a-D-glucopyranoside) polymer

mom CH,0H
0 CH,OH

CH,OH
0 CH,OH

HO Z
Of o HO 0%
OH

Cellulose, a 1— 4-0-(B-D-glucopyranoside) polymer

Skrob, glykogen. Brambory, kukufice, ceredlie. Skrob (amyldza asi 20%
- jednodussi a(1-4), amylopektin asi 80% - komplexnéjsi a(1-6)).

CH,OH
o 0
HO 1
J CH,0H OH
AN o) .
(@] O «—— a-(1—6) glycoside branch
HO 6/

HoC

OH 0
O 6 a-(1—4) glycoside link
HO 4 CH,0H

R\l " ﬁﬁ

Amylopectin: a-(1—4) links
with a-(1— 6) branches
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Glykogen

Zasobni polysacharid u Zivocichl (u lidi v jatrech, funkce ta sama jako ma skrob pro rostliny). Vétsi a komplexnéjsi
nez amylopektin az 100 000 jednotek glukozy.

A 1—6link A 1—4 link

McMurry — Organic chemistry
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Glykoproteiny

* Mnoho proteinu, a vétSina na vnéjsim povrchu cytoplasmatické membrany
nese kovalentné vazané oligosacharidy — ty se pripojuji v
endoplasmatickém retikulu a Golgiho aparatu (post-translacni modifikace)

e Cytoplasmatickeé proteiny jsou glykosilovany jen zridka
* Glykoproteiny az 70% sacharidové slozky
* Typy N- (Asn, ) a O- (Ser) glykosilované

* Glykosaminoglykany (mukopolysacharidy) - dilezita soucast mezibunécné
hmoty: kyselina hyaluronova, chondroitin sulfat, heparansulfat, heparin

* Globuliny — sérové proteiny, aloumin, imunoglobuliny



Povrch bunek — bunécné rozpoznani
e Napr. virus chripky (influenza virus, nékolik vaznych pandemii)
1918-1919 — Spanélska chfipka (50 mil. Obéti)

1968-1969 — Hong-Kongska chripka

1997 — ptaci chripka (objeven v Hong kongu 1997, H5N1 prenesen na
clovéka, 503 nakazenych - 299 mrtvych v 15 zemich, + miliony ptakl)

2009 — praseci chripka (priblizné 18 500 obéti ve 214 zemich)

N-Acetylneuraminic acid,

a sialic acid
/ /
| CO2H B | |
Virion |, OGchoprotemﬂ—:— Infected Neuraminidase Virion |
__ . ____,.--"'- |I cell
McMurry —
¢ N-Acetyl- Organic

neuraminic acid chemistry



Dalsi dulezité cukry T A, l

Riboza (RNA) a deoxyribdza (DNA) OH OH
') NH,
N
N
$ C
P A
N)\NHz e
HO
O
Hh‘“‘c";‘f’o OH
- HO(
—/ —OH H—+—H
HO !\\l‘\ H__OH
HO Oxygen H——r—0OH
missing .
) CH,OHRH
a-D-2-Deoxyribopyranose (40%) (0.7%) a-D-2-Deoxyribofuranose (13%)
(+ 35% B anomer) (+ 12% B anomer)
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Antibiotika

OH
HoNo A
[\ O
HOY Y OH OH
0 0,, _~_ L,OH
0 7 W7,
HN O ’
2 \/\‘)LN NH; ‘OH
on M
NH,
amikacin
/
NH
0
NH,
H2N O%NHz
HO Q
No=r
Ho" HN oH

gentamycin

CH,0
\‘ 0

\_oH

HO\
HO )

\

B-D-Glucosamine

HoN
HQ HN— NH QHN
- HN L NH,
HOm O/ Qe NH
@) y %
HO (l)"OIu O HO OH

tobramycin

___ Purpurosamine

.— 2-Deoxystreptamine

. — Garosamine

Gentamicin
(an antibiotic)

__CHs

OH
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