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CARBOIDRATOS

HO
o WO O

N¢ ~C

H\ HO"
/ 2 /.CHI H
HO HO HO
Dihydroxyacetone D-Glyceraldehyde L-Glyceraldehyde
(a ketose) (an aldose) (an aldose)

* Por qué o nome cetose e aldose ?
» Por qué a diidroxiacetona nao possui as formas D e L ?
* O que € um carbono assimeétrico ?

 Quantos isOmeros existem ?
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Aldoses e Cetoses

H 0 H
\ #
C/ H—C—OH
H 0 H H—C—OH (=0
-

C H—C—OH HO—C—H HO—C—H
H—C—OH =0 H—C—OH H—C—OH
H—C—OH H—C—OH H—C—OH H—C—OH

H H CH,OH CH,OH

Glyceraldehyde, Dihydroxyacetone, D-Glucose, D-Fructose,
an aldotriose a ketotriose an aldohexose a ketohexose

Qual a diferenca entre uma cetose e uma aldose com relacao ao
numero de carbonos assimétricos?
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Open Ended Question;
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H
H—{JJ—'DH
H—C—0H 'II|J='E-‘r
Hﬂ—l'.:]—H

Hﬂ'—é—H
H—lZI'J—'DH H—C—0OH
H—C—0OH H—C—0H

|
CH,OH éHﬁDH
p-Glucose, p-Fructose,
an aldohexose a ketohexose

Qual é a diferenca entre uma aldose e uma cetose em relacao

ao numero de carbonos assimétricos?

Please enter your answer here.
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Nomenclatura basica:

* Trioses, tetroses, pentoses, hexoses.

Three carbons

H 0
{l‘

H— fl' —OH
CH.OH

p-Glyceraldehyde

H"""-{ .. ﬁﬂ H\{‘ gﬂ
H—il'—ﬁH Hﬂ—{l'—H
H—ir'—{lH l[—{l'—UH
H—i['—ﬂH }[—ll —(H
H—{l'—t'lH l[—{:'—HH
CH,OH CH,OH
n-Allose n-Altrose

Four carbons

H
x{_r”
H 0 H O
\ \ |
{Ifé {Iff H— [| —iH
wai'—-UH HO—(C—H Hu—ll'—n{JH
H—il'—{JH H—*-I'—I.‘.FH H—ij'—UH
CH.OH CH,OH CH.OH
p-Erythrose  p-Threose -Ribose
Six carbons
H 8 H
LY . s.s?ﬂ H‘\ J”n
{I.' :lt [I.'

H—+l —{H Hl’.‘-—{l'—H H—II'—l’}H
EIH—iI'—H H[:r—~{1'-—il H*—‘I'*—ﬂ'll
H={'=—0H H—{]'—IZ‘IH H(‘J—:I'—H
H——y  H—¢—OH  H—(—OH

CH,OH CH,OH CH.,OH
n-Glucose n-Mannose n-Gulose
D-Aldoses

Five carbons

H H
& <
HO— []'-H H—tl'—UH
II--1]'—~{JH Hﬂa—ll'-—l[
H—i]'—{.‘.'H H_.l'—{_n-]
'E] ‘H,OH (l'-H_.DH
-Arabinose -Xylose

I-!~~~~t .- fﬂ H‘h{._ ﬁﬂ
Hﬂ—!l'—H H—il —OH
II—ll'—HH HO—C—H

Hﬂ—ll —ti Hﬂ—ij'—H
II—1|'—HH H—{1 —OH
l‘l'HfJ.",IH II'H.J(}H
n-Idose n-Galactose

H
'\rfu
HO— ll'--II
HO—C—H

H—(—OH

III‘H_.DH

n-Lyxose

Hﬁ—tl'—H
Hn—t'l'—II

Hn—[]'—H
H—{—0OH

|
CH,OH

n-Taloge

- Existéncia de varias carbonos assimétricos, logo de varios isomeros.
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* Trioses, tetroses, pentoses, hexoses e heptoses.

Nomenclatura basica:

D-Ketoses

Three carbons Four carbons Five carbons
II]'II-_.{}H {I‘.'II-_,UH
CH,OH o 70
lIiTFII{_]}{ OO H—il'—HH H{}—{E‘—Fi
=0 S H—(—OH  H—(—OH
| CH.OH 'H,OH ’ L‘-H-_.UH‘ | EH:Ui_I
lllih}'rlmxj.'nmtmw] !L}-I‘Srﬁhmlms-l | p-Ribulose | p-Xylulose |
Six carbons
CH,OH 'H;OH CH,OH CH.,OH
|.‘={ ) C=0 l‘.l' =() llf={}
H—il'—{.}ll l[{}—ll'—H H—il‘—{.H] Hf}—il"—ll
il—il'—{ )H I [—[l‘—{J]I lI(}—(I' —H II(}—Il'—l I
Hr—i:'—{}ll H—i:’—U]{ H—i:‘—L.'IH H--i:'m(}}{
CH,OH CH,OH CH,OH CH,OH
0-Psicose | p-Fruetose | p-Sorbose n-Tagatose

- Existéncia de varias carbonos assimétricos, logo de varios isomeros.

Lesson: Carboidratos
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IsomerismoDelL

Three carbons Four carbons
H
o
N\ i
fl‘ H—ti‘—
I 1
CH, CH,
n-Glyceraldehyde p-Erythrose = p-Threose
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D-aldoses

2 H f[: CH

¥ CH?DH
D-Glyceraldehyde

H—L—DH HO—C—H
H C OH H - OH
CH,0H CH,OH
o-Erythrose o-Threose
'S [ &
LHD) {0 CHOD
H—(C—O0H HO—(C—H H—(C—0H HO—(—H
H—(—OH H—{—OH HO—(—H HO—({—H
kn—-L|:—-EJH H—{—0H H—~T‘-—{JH H—{(_—0OH
CH,0OH CH,0OH CH,0OH CH,OH
o-Ribose p-Arabinose p-Xylose p-Lyxose
& 4 & ] b El b a4
[_H | - - CH(
[ |
H—_C—0H HO—(C—H H—C—0H HO—_L—H Hl.l'ZE}H HO—C H Hl'.i:'DH HO—C—H
H C—0OH H C—OH HO C H HO E H H C—0OH H C OH HO C H HO C H
|
H—C_C—0OH H—(C—0H H—(C—0H H—{_—0H HL'.'l—f.l',—H HO—(C—H HO—(C—H HO—{(—H
H—C—OCH H—C—O0H H—C—O0H H- T -OH H- f." -OH H—C OH H- ¢|: OH H C—OH
|
CH,OH CH,0OH CH,0H CH,OH CH,OH CH,OH CH,OH CH,0OH
p-Allose p-Altrose p-Glucose o-Mannose p-Gulose D-ldose p-Galactose p-Talose

Lesson: Carboidratos
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D-cetoses | O CHOH

CH,OH
Dihydroxyacetone
O . j,,EH 2OH
H fi'_ OH
! CH,O0H
o-Erythrulose
: _JEHEDH ) __r’,.CHECI'H
|
H—(|Z —OH HO—C—H
H f.|[ OH H L’|Z —OH
CH,;O0H CH,0H
p-Ribulose D-Xyulose
_ fCH;DH Vo H,CH;UH 0 ;K.CH;DH U J,EH:DH
L | { {
' :
H—C—OH HO—C—H H OH HO—{—H
H—C_—O0H H—C—OH HO—L—H HO—{—H
H—{|: —OH H—(C—0OH H Er OH H—C—OH
CH,;O0H CH;0H CH,0H CH,0H
D-Psicose p-Fructose o-Sorbose D-Tagatose
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Epimerismo

CH( iC
H—C—0H HO—C—H HO—C(C—H
H—C—O0H H—(—0OH HO—C—H
H—C(C—0H H—ﬁ—ﬂH HO=—C—H
H—C—OH H—C—OH H—C—OH : : : H—C—OH

CH,0H CH,OH CH,OH CH,0H

p-Allose p-Altrose o-Glucose - o-Talose

Epimeros

Y

Epimeros

Qual a diferenca entre estes epimeros ?
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Open Ended Question;
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Qual é a diferenca entre estes epimeros?

Please enter your answer here.
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Epimerismo

1 1 1

CHO CHO CHO
HO-=C—H H—=C—OH H—C—OH
HO—C—H HO—C—H HO—C—H

H—C—0R H '*(lj OH HO—C—H
H 5(i‘, OH H 5c|1 OH H 5<|3 OH
°CH,OH °CH,OH °CH,OH
D-Mannose D-Glucose D-Galactose
(epimer at C-2) (epimer at C-4)
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Hemiacetal e hemicetal

(iﬁ HO /OR'

C + HOR’ - 3
R/"’ ~H R/ “H
H
Aldehyde Alcohol Hemiacetal chffﬂ o
H—C—OH c:;=-::1
HO—C—H HO—C—H
N H—L:J—E}H H—C—OH
Ciw' HO /OR H—C—OH H—C—OH
C + HOR" - \ CH,OH CH,OH
R~ R R/C SR’ o e ke
Ketone Alcohol Hemiketal

Qual grupo alcool poderia reagir ?

Lesson: Carboidratos
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Qual grupo alcool poderia reagir?

H
H\ /O |

(‘3 H—(f—OH
H—(‘l—OH (|3=O
HO—(‘Z—H HO—Cll—H
H—(‘Z—OH H—C—OH
H—(‘J—OH H—C—OH
CH,OH CH,OH
D-Glucose, D-Fructose,
an aldohexose a ketohexose
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Ciclizacao de aldoses

Em solugao, a forma preferencial da glicose nao ¢ em cadeia aberta, | ‘
mas sim ciclizada em anel.

Mutarrotac¢ao
O. H
:
CH,OH /
H—C—O0H
H"c _OH a-D-Glucopyranose
HO—C—H L "
T - "}: ?H H /-:: I anOmeros
i HO F—C‘\ aef
H—C—OH H - '\ CH,OH
) H O OH
CH,OH /H
o-Glucose o §
HO H
(open-chan form)
H OH

‘ A ciclizacao cria mais um centro assimeétrico ! \

Lesson: Carboidratos yAVEY /__/_7/ Nnearpod




Ciclizagao de cetoses C j

0. _CHOH
HO—C—H

H—C—OH

H—C—OH

D-Fructose a-D-Fructofuranose
(open-chain form) (a cydic form of fructose)

f?

A forma [3 pode ocorrer ?
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A forma beta pode ocorrer?

Ciclizacao de cetoses ﬁ\/ }

Furan

HO—C—H

H—C —OM

H—C—OH

o)

p-Fructose a-0-Fructofuranose
{open-chain fonm) {4 eydlic form of fructose)

P

A forma 3 pode ocorrer ?

Lesson: Carboidratos




Lesson: Carboidratos

HOH,C
| _O

H HO
H OH

OH H
a-p-Fructofuranose

H O_ CH,OH

H HO
HO OH

OH H
a-D-Fructopyranose

CH,OH

Frutose

HOH,C OH

O
H HO

H CH,OH

OH H
B-p-Fructofuranose

H \ 2

H
H HO
H CH,OH

OH H
B-o-Fructopyranose



Estruturas em cadeira e barco

HOH
s

HO “\r‘H'ﬂ
HO——\~ —OH
H
OH

H H
Chair form Boat form

O que vai definir o arranjo estrutural em forma de cadeira ou barco ?

Steric hindrance
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Outros monossacaridios

Amino sugars
CH,OH CH,OH
: 0 ! 0
HO 4 OH H g " OH
\\ OH OH
H N\ "5 mo N\ - / H
H NH H H

g-n-Galactosamine g-p-Mannosamine
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Ligacoes glicosidicas

CH,OH CH,OH
hemiacetal 0
H H OH
OH H
- HO H
H OH alcohol H OH
a-D-Glucose B-D-Glucose
hydrolysis || condensation
H,0 | H,0
SCH,OH SCH,OH
- O acetal - O hemiaceta
H OH
4 -
HO 0 H
H OH H OH
Maltose

a-D-glucopyranosyl-(1-—-4)-p-glucopyranose

Lesson: Carboidratos




Dissacaridios

Sucrose
(-p-Glucopyranosyl-(1 -»2)-f-o-fructofuranose

CH,OH a-D-Fructofuranose

Lactose

Tipo de ligacao !

Maltose
(x-0-Glucopyranosyl-(1-> 4)-a-p-glucopyranose

Lesson: Carboidratos




Polissacaridios

Homopolissacaridios

Heteropolissacaridios

“x
)

A

2 2 A A s s &

Lesson: Carboidratos
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Polissacaridios

Structures and Roles of Some Polysaccharides

Size (number of

Polymer Type* Repeating unit’ monosaccharide units) Roles
Starch Energy storage: in plants
Amylose Homo- (xl—=4)Glc, linear 50-5,000
Amylopectin Homo- (a1l=>4)Glc, with Up to 10°
(x1—6)Glc

branches every 24
to 30 residues
Glycogen Homo- (al—4)Glc, with Up to 50,000 Energy storage: in bacteria and animal cells
(xl—8)Glc
branches every 8
to 12 residues

Cellulose Homo- (Bl—4)Gle Up to 15,000 Structural: in plants, gives rigidity and strength
to cell walls
Chitin Homo- (81—4)GIcNAc Very large Structural: in insects, spiders, crustaceans, gives
rigidity and strength to exoskeletons
Peptidoglycan Hetero-; 4)Mur2Ac(Bl—4) Very large Structural: in bacteria, gives rigidity and strength
peptides GlcNAc(31 to cell envelope
attached

Compare as ligacoes entre
amilose e celulose !

Lesson: Carboidratos 31/51 [/_7['130('90(3
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Polissacaridios

Compare as ligacoes entre a amilose e a celulose

Structures and Roles of Some Polysaccharides

Size (number of

Polymer Type* Repeating unit’ monosaccharide units) Roles
Starch Energy storage: in plants
Amylose Harmio- (erl=ad}GIc, linear bD-5,000
Amylopectin Hama- (ecl==d)Gle, with Up to 10°
(]l —=G)Gle
branches every 24
to 20 residuas
Glycogen Homo- (orl—=4)Glc, with Up to 50,000 Energy storage: in bacteria and animal cells
(or]l=eB)Gle
branches every 8
to 12 residuas
Callulose Homo- (3] —A)G e Up to 15,000 Structural; in plants, gives rigidity and strength
to o2l walls
Chitin Home- (81 —4)GlcMNA: Very large Structural: in insects, spiders, crustaceans, gives
rigidity and strength 1o exoskeletons
Feptidoglycan Hetero-; 4 IMurZAciBl =s4) Very large Structural: in bactena, gves nigedity and strength
peptides GlcNAc{g1 to cell envelope
attached

Lesson: Carboidratos

Compare as ligacoes entre
amilose e celulose !
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Polissacaridios HOH,C HOH,C
O HO- OH \ o}
Rﬂ/_i\/vr/.-\i//ﬂ\/._/_.\z U/S\A’/M:\o s, DH"“
HO- OH /\u HO H
HOH,C
Cellulose
(B-1,4 Iinkages)

HDH;Cyﬂ
Y, . ﬂmﬂﬂ‘}”“c
H M
HOH,C—— HO ‘fi
HO \\_‘@
—

O
N
Starch and Glycogen
(ce=1,4 Inkages)

As ligagoes glicosidicas determinam a estrutura do polissacaridio:

As ligagoes do tipo 3-1,4 favorecem as cadeias esticadas, que por sua vez favorecem as
fungoes estruturais.

As ligagoes do tipo a-1,4 favorecem estruturas dobradas, que por sua vez favorecem as
fungoes de armazenamento.
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OHI 111111 I10H

i y v | | IHO » Ol 11
Polissacaridios wg%
0 0
' Ol 1111IHO \
4H 3 OH

(f1—4)-linked p-glucose units

Celulose
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OH

0

Polissacaridios

"CH,OH

(arl—4 )-linked p-glucose units

Lesson: Carboidratos



Polissacaridios o
H (f /'_,.— {I=
OH H

1,6~Glycosydic bond

Glicogénio, aproximadamente a cada 10 moléculas de glicose ocorre uma
ramificacao através de uma ligacao glicosidica do tipo a-1,6
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Polissacaridios

Glicogénio

Lesson: Carboidratos




Open Ended Question;
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Os seres humanos sao capazes de digerir amido, amilose mas nao a celulose. Por que?

Please enter your answer here.
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Quitina: homopolimero de
N-acetyl-D glucosamine, lig (beta 1->4)

(HI{ {-:E{:
C=0 C=0
“{l‘i 1,OH H NH CH.,OH

t=—0 -
AT NS

| o ol O i

H NH
0 -
N —0—
H '\ | ( g / AN
; | H

N

|
H

ja 2 6 0 O
H NH %THHOH CH,OH
C=0
CH,,
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Peptidoglicano:

Staphvlococcus
Parede celular de .
bactérias

N-Acetylmuramic
acid (Mur2Ac)

(pl-=4 :"':\‘__-_" ] : ' ) L ) _~ N-Acetylglucosamine
Site of cleavage . 5 (GleNAc)

bv lysozvme

Reducing _%
end

) L.-Ala
0-Glu
1.-Lys
. J D-Ala

Pentaglyecine
cross-link
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Glycosaminoglyean Repeating disaccharide Number of

disaccharides
‘H.,OH per chain
Q
H 0
COO ,
HO H (51,4
Hyaluronate O ! ' 50,000
H NH
|
C=()
i1 3 |
CH,4
GlcA GleNAe
CH,OH
0
o 20-60
Chondroitin n—s 4}
4-zulfate
LT:D
CH,
GleA GalNAc4S0
CH,0S0
|
: —0
CH,OH I[/]_T! 0O
A O ~25
Keratan HO /'y \
sulfate ' O H -
sulfa _ H 813
H H pg HONH
H OH C=0
|
(‘Hs .
s E—. Matriz extracelular
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Glicoproteinas

Sao proteinas que contem carboidratos em diferentes quantidades, ligados como
cadeias grandes ou pequenas, ramificadas ou nao.

*NH,

Heparan »
su lfat,e\ (_.__ el

g “!-L___
.‘-"'

Chondroitin

sulfate \

-\-llr“ F s

! Outside
DIPIIII ™ FI3339393
B
| -
-
-
DOHDD99YH ? 999295997
Inside
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Aminoacgucares

el CH,050;

0 OH O
OH

OH NHCOCHS

Chondroitin 6-sulfate

Lesson: Carboidratos

COO

OH

OH

CH,OH
._G Fughata
O
OH
NI 'CDCH ]
Hyaluronate

Amino sugars

CH,OH

: 0
HO o OH

H\ OH H /H

H NH
g-n-Galactosamine




Glicosaminoglicanos

Sao cadeias de carboidratos

composicao de amino acucares e
acidos uronicos. Quando essas
cadeias sao ligadas a uma proteina
sdo chamados de proteoglicanos. edgagiges

repeating
disacchandes)

Keratan
sulfate

Chondroitin
sulfate

proteins

- Aggrecan
core protein
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Ligacoes glicosidicas em glicoproteinas

(a) O-linked (b) N-linked

HOCH, | (=
| =0
“‘-—D—CHE—?H
NH
|
fTT =() g
CH, CH,
GalNAc Ser GleNAce Asn
Examples: _ Examples:
(= C} Q
UI-E - Rad «| [@Gle |
# 233 ez {j‘D"’ 2| |@GleNAc
| e *e ® Man
O Gal
> . O NeubAc
*C e é L a0 = V¥ Fuc
oS & , 1
P{}:E oo, 2 ¥ GalNAc
L a8
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- B " B |
Glicolipidios 4
x_?r n=10
A
A
® GlcNAc o0
O Man -
®Glc A
©Gal ®
A AbeOAc oo
A Rha Q
[ 1Kdo |?|'1{:'JI
LiHep .

lipopolissacarideo
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Virus Bacterium ", : ' e Lymphocyte

" 1.!..1.,‘_ . .F'.‘
\ r‘h&h
1 : e W
"a"‘%\ I h 1 ".\_T
h .1"‘._ - P ;‘:_
Oligosaccharide . Na,
chain - ! _ ) .::' .
Plasma \\ < ' -

protein

membrane H%,al
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A porcao de carboidratos de algumas glicoproteinas podem servir de sitios de
reconhecimento celular. Para isso, a porcao de oligossacarideo deve ter o potencial de

existir em uma grande variedade de formas. Qual das opcoes abaixo pode produzir uma
maior variedade de estruturas?

oligopeptideos compostos de 5 diferentes residuso de aminoacidos

oligossacarideos composos de 5 diferentes monossacarideos

Carboidratos 51/51 /f/jnmrpod
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