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Outline

# Definition of carbohydrates
# Functions of carbohydrates & examples
# Structures: (mono-/oligo-/poly-)saccharides
# Monosaccharides
+ aldose/ketose
+ stereoisomers : enantiomer (mirror images), b-/L-
forms, epimers, anomers (a/3)
+# chemical properties
# Oligosaccharides
# Polysaccharides
# homopolysaccharides

+ hetferopolysaccharides
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+ Biomolecules #C. H O

# Hydrates of carbon™ ¢ Formula = C_(H,0),
# Functional groups: -OH, C=0

Tomasino A., et al,
Chimie, Nathan, 2001 6



Functions & Examples

& Fuel energy = ...
& Energy storage = ...

# Structural framework = ribose
# Siructural component = peptidoglycan: bacterial

cell wall, -..coc.  plant cell wall, exoskeleton:

# Cell recognition/cell-cell communication =
glycoprotein uu cell membrane (ABO blood qroup)

& dumrsnaedulude = glycosaminoglycans o O




Carbohydrates

ANANEAINY:

Wluasussnau Polyhydroxy aldehydes

%59 Polyhydroxy ketones



NN1526ALUNGIN sugar unit

Disaccharide:

2 units

# Monosaccharide = simple sugar

\w

# Oligosaccharide = polymer of 2-10 units

# Polysaccharide = more than 10 units
+# homopolysaccharide

+ heteropolysaccharide



Monosaccharides
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* 00000000000000000000000000000000000

» D-glyceraldehyde

Oy ._CH,OH

H—C—OH
H—C—OH
H—C—OH

CH,OH

* 000000000000000000000000 [ ]
* 000000000000000000000000000

* 0000000000000000000000000000

s D-fructose
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N1526ALUNEIN isomerism

Structural isomers/  gesluanawmfoudu
constitutional isomers AOUMFAUNUIDINUGLE19NU

ajm‘[ﬂsaa%wa@haﬁu

Stereoisomers gmsimaqamﬁ@uﬁu

ANGUNITAUNUVDINUS LU UDUNU
NANIIVDINISFUDINUSZEI19NU
?‘J@mamﬁ&@haﬁu
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N15A6AUNEIY isomerism

Telwuedlasestsre (Structural or constitutional isomers)

gosluanawmfoudu areunisduiuveswuszenedu gaslaseasiesienu

c)\\c/ " CH,OH
H—C—OH C=0
CH,OH CH,OH
Glyceraldehyde Dihydroxyacetone
(C;HeO,) (C;HeO,)

] ’
(= L=

“LUNAMNULANGINILE Lm@@mjmimoa%'w” .



NM54637UNEY isomerism | daeslolwiued (Stereoisomers)

FOTAN0UNMTAUNUYRINUSZIRTDUNU NANIIVRINITTVDINUGEE19NY

Enantiomers: mirror images Epimers: differ at one of the several C*
0 CHO CHO
o H H H—/—OH HO—H
\ : N\~
\clt/ \? HO——H HO—H
H—|OH H—OH
—C— : HO—C—H
=—on | H—-OH H—-OH
CH,0H CH,OH CH,OH CH,OH
D-Glucose D-Mannose
D-Glyceraldehyde L-Glyceraldehyde (CeH1206) (CeH1205)

(C3HO,) C;H.O .
T (CaH04) Anomers: differ at a new C*

Diastereoisomers: not mirror images :
formed on ring closure

H—C—H()OH HO—C—HHO CH,OH CH,OH
HO——H H——OH H 1 O_ H H 1 O. OH
1 H—OH OH M "
:__g: H——OH OH OH OH H
CH,OH CH,OH oo o
D-Glucose D-Altrose a-D-Glucose B-D-Glucose 15

(CeH1,06) (CeH1,06) (CeH1206) (CeH1206)



Stereoisomers

“Enantiomers can exist because of the tetrahedral geometry of carbon”

Methane 4 atoms attached

are identical

Glyceraldehyde
D-form and L-form

Chiral molecule

¢ atoms attached

are different

16
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Enantiomers © A WlunszantaFofuwaszi

N\~

<}hu L

L-glyceraldehyde

HO

C

C—H

CH,OH

L-form

H

V%8 STANDARD Fusurinenaciadus)

1 D

D-glyceraldehyde
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D- or L-form?

N, O
HO—C—H HO—C—H
OH—C—H H—C—OH

CH,OH H—C—OH
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ASusuRlidguLIaT (Asymmetric carbon, C*)

LIUNY ¢ 999 C 619NU

N\A

C CHO C1 laiuflu C*
H—C—OH = H—C—OH C2 «iu C*

CH,OH CH,OH C3 laifiu C*

azbi)u Stereoisomer @oviiatingiios 1 C*

Molecule #3l n C* (s) az3 2" Stereoisomer (s) .



How many asymmetric carbons

are in this molecule?

H—C—OH
H—C—OH
CH,OH

Asymmetric carbon = chiral carbon

20



Optical activity

Light source

U

N substance
e (I, -)

921 (d, +)

Enantiomer azdl guda@memeanmwiniiouny tfu 96t606-46
BaULRAY FUUENITAaTAE

weiasfiudigiBoudosinetiu Ao arursndewdoszuruiBases
(polarized light) lumedra levorotatory (I, -) #5eva

dextrorotatory (d, +) l6 21
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Fisher projection

bEU 6l,uﬂ‘5ﬁ‘ll@6ﬂ§c[ﬂﬂ'

Haworth Conformation
projection
CH,OH OH

H (0] H
B w ] HOSNDD

OH
> H OH HO OH

CHO
H——OH
HO—+H
H——OH
H—OH
CH,OH
D-Glucose

Ol-D-Glucopyranose

22



1 CHO

lusssugrdny | D-Aldose

2 H—C—OH

CH,OH

U168 D-sugars p-Glyceraldehyde

3
LATFIINYFAIUITD / \
1 CHO CHO

° U I I
metabolize wa ¥ 5 HO—C—H
3 H—C—OH H—C—0H
D-sugars § s Loon
n-!rylhroso\ /.-Threose\
THO CHO CHO
HO—C—H H—C—OH HO—C—H
H—C—OH HO—C—H HO—C—H
H—C—OH H—C—0H H—L—0H
CH,O0H CH,O0H CH,0H
p-Arabinose p-Xylose p-lyxose
1 CHO CHO CHO

2 H—C—OH HO—C—H H—C—OH HO—C—H H—C—OH \HO—C—H

3 H—C—OH H—C—OH | HO—C—H H—C—O0OH H—C—O0

4 H—C—OH H—C—OH O0—C—H HO—C—H O—T—H

5 H—C—OH H—C—OH H—C—OH H—C—0 H—T—OH

6 CH,0H CH,0H CH,OH CH,OH CH,OH
p-Allose p-Altrose p-Gulose p-ldose p-Talose

Figure 11-2

Biochemistry, Sixth Edition 2 3

© 2007 W.H.Freeman and Company



1

) CH,OH
2 X7

3 |CH20H <— No C*
Dihydroxyacetone
o
| O CHioH D-Kefose
3 H—C—OH
4 CH,OH

p-Erythrulose

\

0. _CH,0H

-

HO—C—H

H—C—OH

CH,OH
p-Xylulose

3 O%C/CHon O\C/CHZOH O%C/CHon
3 H—C—OH H—C—OH HO—C—H
4 H—C—OH HO—C—H HO—C—H
5 H—C—OH H—C—OH H—C—ON
6 CH,OH CH,OH CH,OH
p-Psicose p-Sorbose p-Tagatose
Figure 11-3
Biochemistry, Sixth Edition 2 4

© 2007 W.H.Freeman and Company



Fisher
projection

o-D-glucofuranose

Inframolecular cyclization

D-glucose

4 N\

Pyran

Haworth
projection

Anomeric carbon
J 6

Furan

B-D-glucofuranose

CH,OH

OH

HO 0
HO

H 3 OH
a-D-glucopyranose
on CH,OH
H O_ OH
(o) —_— H
HO =
HO OH OH H
HO OH H
H OH
B-D-glucopyranose
25



Ketose

Fisher I

projection Ketone
CH,OH

C

HO— o a-fructofuranose
H— — CH,OH
HO \
H— $
HO OH HO
CH,OH \\\\ OH
Haworth Anomeric carbon )
projection HO OH
6 1 B-fructofuranose
CH,OH CH,0 CH,OH OH
o] o]
5 2 H (@)
H OH H CH,OH
OH H OH H

a-fructofuranose B-fructofuranose 26



Mutarotation

CHO
H OH H——OH H OH
o —= HO——H —/—= H o
HO H | HO OH
H OH H OH 7 or]
H OH H——OH H H
CH,OH CH,OH CH,OH
" H i H O_ OH
i A
OH OH OH q
H OH i OH
a-D-Glucose B-D-Glucose
(CeH1206) (C6H1206)

U B
vtJu Anomer Au

“two stereoisomers differ at a new C* formed on ring closure™
27



Chair form Boat form

28

Figure 11-7
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



Some important monosaccharides

D-ribose Structural component of nucleic acids (DNA and

RNA) and coenzymes

D-ribulose |Intermediate in the pentose phosphate pathway

D-glucose | Main metabolic fuel for fissues “blood sugar™

D-fructose |Readily metabolized either via glucose or directly

D-Galactose | Readily metabolized o glucose; synthesized in the

mammary gland for synthesis of lactose in milk

29



# Chemical rx. of monosaccharides = sugar derivatives

# Reduction rx. # Oxidation rx.
® reducing suqgar qﬂ@@ﬂ%v[@ﬁ[é

" non-reducing sugar Ligneeniled

_ reductase
UeNaoanaga t!educ’tionl Monosac
(sugar alcohol) Reducing
CH,OH agent OQC/H
H——OH ", H——OH
HO—T—H HO——H
H—1—OH H——OH
H—}—OH H OH
CH,OH CH,OH
D-Glucitol (L-sorbitol) D-Glucose
T

Laxative drug

Glucose Odease -
OXi a iOl’I UINNANITG

sugar acid
Benedic’s rx (Cu?") (sug )

Oge-OH Oxc-"
1 on H——OH

Hol 4 HO——H
H——OH OH
H——OH OH

CH,OH Ho” °X0

D-Gluconic acid  5_gjucoronic

/ acid

Detoxifying agent 30



Oxidation

(0 H (o) OH
X
e Brick red \C/
CH,OH H—C—OH " H—C—OH
0 OH Cu’ U —s @
H —_— —— —_— —
4 HO—C—H \_/ HO—C—H
OH N | H,0,HO" >
HO H H—C—OH 2% H—C—OH
o H—C—OH H—C—OH
CH,OH CH,OH
Blochemiseny St Eation D-glucose D-gluconic acid

© 2007 W.H.Freeman and Company

Benedict’s reaction

wulwsi glucose oxidaselusn

fansnwaau p-glucose flu pD-gluconic acid [@uduriu
31



Write the products of the oxidation and reduction

of b-Mannose

I
C—H
HO——H Reduction HO H Oxidation HO——H
HO——H < HO H > HO—+—H
H——OH H OH H——OH
H——OH H OH H——OH
CH,OH CH,OH CH,OH

D-mannitol D-mannose D-mannonic acid

32



#4 Phosphorylation of monosaccharides

/ Glucose 6-phosphate

Glycolysis

5-Phosphoribosyl-1-pyrophosphate
(PRPP)

T

Purine/pyrimidine synthesis

Intermediates in different metabolic pathways

33



Monosaccharide derivatives N Xy

Deoxysugars 0

- Deoxyribose in DNA ~ |

Amino sugars (hexosamines)

H,0H | H
c
H;C’f “SNH 9, €00° H—C —OH
\/] R = |
0 H—C—OH
H OH I
CH;0H

B- n-l:ul']rlglum:nminn Sialic acid (Sia)
(GleMAc) (N-Acetylneuraminate)
\L Biochemistry, Sixth Edition
\l/ © 2007 WLH. Freeman and Company
op e \\&é = o
Chitin =y Glycoprotein

composition composition 34



O-glycosidic

L) L)
Disaccharides bon
CH,OH CH,OH
O 0
H H H OH
HONOH H /L ¥ OH H /|
H H H OH Maltose
a-D-Glucose B-D-Glucose a-D-glucopyranosyl 1-—»4)-D-glucopyranose
Glu+Glu Glu+Fruc Glu+ Galac Glu+Glu
o-1,4 o- 1,2 B- 1,4 B-14
In plant In plant In milk In plant
Maltase Invertase Lactase Cellobiase

35



o H
H & HO

H a)yl 2 H H
AN IR 0 CH,OH )

H OH OH H

Sucrose Lactose
(c.-D-Glucopyranosyl-(1 — 2)-B-p-fructofuranose (B-p-Galactopyranosyl-(1 — 4)- o.-b-glucopyranose
Maltose
(a-D-Glucopyranosyl-(1 — 4)-o.-D-glucopyranose

Figure 11-11

Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

Reducing sugar:

3l free OH @gj"?\ anomeric carbon y



Polysacchar

ride '@M

N N N N N N e o “

# polymer of many monosaccharides joined together

# 2 groups:

Single type of monomer
N

# homopolysaccharides:

glycogen,
starch

Storage form

of Fuels

cellulose,
. Structural
chitin,
element

Inulin

# heferopolysaccharides:

glycosaminoglycans, glycoproteins

Heteropolysaccharides
Multiple
mMonomer

types,
branched

Homopolysaccharides

Two
monomer
types,
unbranched

Unbranched Pranched

—O-QO-O-O0-O0-0C0
—O-@OO@OO@®-

37




Homopolysaccharides

starch grains
in chlaroplast

RE W
Cellulose
microfibril
in cell wall

granules ~ .
in liver cell

Glycogen Cellulose Starch

Glycogen Cellulose Starch

http://www.phschool.com/science/biology_place/biocoach/bioprop/polysac.html

38



Homopolysaccharides

wileluiy (Starch)

- ﬂ‘ﬂﬁuﬁ1m’laﬂ§‘[ﬂéﬂugﬂ starch tflunasadsduaius

- Uszneuéiy polysaccharide d@e9¥ila: amylose, amylopectin

=

Amylopectin — 0-1,4 and 0-1,6 (1:30)

Amglose — onlg (1—194

Amylose Hor ™ or H"or — Many D-
’ amglase  Pextrins Trgase Maltose Tgiiase glucose
Amylopectin

units3?



0l-1,4 glycosidic bond

CH.OH CH.OH

0 H H 0
H e ’ Na Reducing
OH H

OH H end
L

OH H OH

Unbranched chain of amylose

6CH,OH 0l-1,6 glycosidic
bond
(x1—6)
branch
point
6CH2
H
OH H
\—0

Main
chain

Branched-chain of amylopectin 0-1,4 glgcosugbc bond



Glycogen
-Animal starch
-Energy storage

-lased319mdna Amylopectin

G AL IUININNT (0-1,6 w1NN3A1)

Outer region

> 4

HOCH
{(OCH

A bYUININ

an3olaidotnels?

+

H
J
_H

41



Cellulose
- Major structural material of wood and plant
- H-bonds
B- 1,4linkage (No enz in human that can hydrolyzes this linkage)

OHIHIIIIIOH

I 1 IHO+; oIl

131—»4) linked p-glucose units

/

~® 3'
w-a;,,,ql‘\_ =0 | | "" , I
By /'M :;5)-’%'9; Cellulose breakdown by
> o wood fungi 0

Lehninger, Principle of Biochemistry Nelson and Cox, 4" ed.



Chitin
~wuludrulasodsroudovesuuas wasdaInINge vey 4
-&1a polymer v29 N-acetylglucosamine (GlcNAc)

--1,4 linkage ifusenduaso

CH,0H
0 o
OH
CH,0H
0 8
]'i-I—H
OH ﬂ=$
~0 CHa
rId—H
::t=nI:
CH,
chitin

Lehninger, Principle of Biochemistry Nelson and Cox, 4" ed. 43



Heteropolysaccharides (more than 2 monosaccharides)

Glycosaminoglycans (GAGs): large complexes of

negatively charged heteropolysaccharide chains.

Acidic sugar

N-Acetylated
amino sugar

[ COOH
0,

OH

OH

CH,OH
0

HO

~ 1
Acetyl [ C=0
group | G,

-n

Subunit = Disaccharide derivative

Sugar acid —> Glucuronic acid

Amino sugar —> N-acytylglucosamine

#"3 Peptide u1duBun Peptidoglycan
#1131 Protein anquidun Proteoglycan

Munnudiudszneounugiu (ground substance)

/—T\, Core protein

it
0
|
Xylose
|
Galactose
|
Galactose
I

Acidic sugar
|
Amino sugar

; Serine side chain
)

‘ Linkage region
J

Repeating
disaccharide units
n

Figure 14.6

Y9INTZAN NTANDOU thaz WU Husnsunaodu dosdu Linkaga ragion of ghfooenino-

bb3IINTISLNN

44




Repeating Hyaluronic acid

units in GAGs
COO~
O
H 1
OH H
H OH
GlcA GlcNAc
Glucuronic acid N-acytylglucosamine

Serve as lubricants in the synovial fluid of joint

Give the vitreous humor its jellylike consistency
45



Repea’ring Chondroitin sulfate

CH,OH
units in GAGs

0,80 0

CH,
GlcA GalNAc4S

Glucuronic acid Sulphated N-acytylgalactosamine

Cartilage
Bone
Heart valves 46



Repeating Heparin

COO~

units in GAGs AH

CH,0S0;

O

H 0805 .,
GlcA2S or IdoA2S GlcNS3S6S
Sulphated glucuronic acid Sulphated glucosamine

or sulphated Iduronic acid

Natural anticoagulant
47



Hyaluronate &N

(up to 50,000\ f~J}
repeating 7S
disaccharides) \'\\
Keratan ""/ 2
sulfate RN
Chondroitin A
sulfate

proteins

Aggrecan
core protein

Proteoglycan

w&ﬂuqﬂ Tissue
@gﬂu
extracellular
Maftrix

48



Staphylococcus
aureus

Peptidoglycan
Tased§19909

Bacterial cell wall

N-Acetylglucosamine
(_(GlcNAc)
\ N-Acetylmuramic

acid (Mur2Ac)

(81—>4) 1
Site of
cleavage by ‘ :
lysozyme ‘ -

Pentaglycine 49
cross-link



Tnalaluséiu (Glycoproteins)
- #@w oligosaccharides AiFousiany (linked) nseosfiluvuse

Tuséiu éiaa N- or O-linked glycosidic linkages

O-linked glycoproteins Core structure for N-linked glycoproteins

OH
OH__OH HO
(o)
HO
AcHN
o H/CH, g
5 AcHN AcHN M

O . .
HO asparagine-linked
HO O _HICH; Man  o-1,6 PR

NHA
_CN % \ B-1,4 B-1,4
=

Man GIcNAc

GIcNAc

Asn

° Man* a-1,3
serine (H)/threonine (CHs3)-linked

50



Example

Man
a_1'2| Man Man
Man |0L-1,2 |a-1,2
a_-,,zl Man ] Man
Man \1 1\1/I':n A-1,6
a-1,3\ Man a6
B-1,4
GlcNACc
B-1.,4
GlcNAc
B

— Asn —

Figure 11-20a
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

— Asn —

of branched glycoproteins

Sia Sia
a-2,3 a-2,3
Gal Gal
B-1,4 B-1,4

GlcNACc GlcNAc
B-1,2 B-1,2
Man Man

a-RIiZn 4'1'6
&
GIcNACc
B-1,4
GlcNAc 228
B

— Ash —

Fuc

Figure 11-20b
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

B4 4
(1 [
B2 B2
a3 ab
B4 84
[]
B4

— Asn —

51



denafinulu cell surface glycoprotein

N

‘@Glc
- Gal S?'A
© Man (] ©
B GlcNAC "
S
. GalNAc O-glycan ‘ » . S
AFuc ms ¢¢m Q N
QS y (¢ Ser/Thr e ASN au?’
ia
. g\:b' Secreted glycoprotein
Glycosphingolipid N-glycan A °
' e
» Free glycan
OO AcC
Extracellular

] ."Oll'l..U'OQQQQ:COOC..OO!'C0.0COQO.. )
: gl’ s‘ N e T ¢ Y )‘

7’1%8§§§’ *ﬁ?$§i$§ L8604 ge e gedess (

) .'U..'..".Q'..ﬂ...........‘i...“l.l“.

Membrane Intracellular
glycoprotein

NATURE | Vol 446|26 April 2007 | doi:10.1038/nature05816 2



Glycolipid Carbohydrate side chains

R\ Glycoprotein

. Glycero- Plasma

' phospholipid membrane

bilayer
Hydrophobic
region
Nieuwdorp, M. et al. Curr. Opin. Hydrophilic
Lipidol. 16, 507—511 (2005) region

Proteins
Cholesterol

Polar Nonpolar

m%Tuv[m@smﬁwuuu&awaéﬂugmae
Tnalaluséiu (glycoprotein) u3e AT
Tnaladda (glycolipid) Hutindicdiu Cytopiaem

siaFedaaufinilvradese

A0 ulGuacd1u1snfesEKINg

Fuldotingawiztarzag

53



Blood group determinants

» The presence or absence of a single sugar residue determines if you are blood
group A, B, ABor O

* Our bodies make antibodies to all determinants NOT found in our body, hence
the blood donor suitability types

OH__OH HO __OH OH__OH
o) HO o Eg :,‘o
HO HO _OH OH__OH blood group O 0 0—¢
AcHN o | § o antigen 0 NHAc
blood group A © © 0§ HOWOH
antigen 0 NHAc G
HO@QiOH
HO
Makes _
OH _OH Blood antibodies Canreceive: Can donate to:
o type: against:
HO 2o HO _OH OH__OH O A, B O O, A B, AB
o) o)
0&/0&/0\ A B 0, A A, AB
blood group B L NHAC ;
antigen B A O, B B, AB
HO@iOH
HO AB None O, A, B, AB AB

54



4 Carbohydrates = polyhydroxyketones/polyhydroxyaldehydes

# Functions: energy storage, intermediates, structural elements,
cell-cell communication.

¢ Structures: monosaccharides, disaccharides/oligosaccharides,
polysaccharides

# Monosaccharides

* ¥u Glucose, fructose, galactose
¢ 3 C atoms / (tri-, tet-, pen-, hex-, hep-)

* Ketose or Aldose depending on its functional group 55



# Monosaccharides
* Linear chain (Fisher) / ring form (Haworth)
* Substituents %o ¢ vosmFuPULENEN9TU: asymmetric
carbons #%e chiral carbons
® /L enantiomers : @1y -OH (%1a L/ 931 D), NINlUNTZANLI
* Epimer: configuration 19w 1 ewuiis (OH Ay H dauniu)
* 0/ Anomers: @ Anomeric Carbon (-OH Fu «fiu [3/ -OH
a9 tdu Q)
* Oxidation = ihenanse, Reduction = enaweaness
Phophorylation 2 denanedmue

* aywusdus) Wu weaseand wrenassily s



# Oligosaccharides

* Disaccharides wumﬂﬁq@
* 1iiletioeim® Monosaccharide
* Fousianusunwus: Glycosidic

® $U sucrose, lactose, maltose

4 Polysaccharides

®* Homopolysaccharide : starch, glycogen, cellulose,
chifin
* Heteropolysaccharide : Glycosaminoglycans,

Glycoproteins

57



