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“Carbohydrates
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|Sugars
= Most names for sugars end in -ose
® Classified by number of carbons
+ 6C = hexose (glucose)
+ 5C = pentose (ribose)

« 3C =triose (glyceraldehyde) H o
CH,OH CH,0H N7
|
H A O 0 H H—C—OH
on0 5 13
HO Yon  wo\L_ " H —|C—0H
H OH OH H H
Glucose Ribose Glyceraldehyde

IMonosaccharides
® Single Sugars
= Dissolve easily in water
= Sweet taste
= 3 forms: Sugars all end in “ose”
o Triose (3C) C3HgO4
= (Gylceraldehyde)
« Pentose (5 C) C5H,4O5

= (Ribose, Deoxyribose = components of
nucleic acids)

« Hexose (6 C) CgH;,04
= (Glucose, Fructose, Galactose)
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|Carbohydrates
= Carbohydrates are composed of C, H, O
carbo - hydr - ate
CH,O
(CH,0), === C:H,,0q
" Function:

« fast energy
+ raw materials

®" Monomer: sugars
® ex: sugars, starches, cellulose

o o) oo o Gune ) oo o)

u energy storage
ustructural materials

|Simple & complex sugars

®" Monosaccharides
e simple 1 monomer sugars
+glucose ===
" Disaccharides
2 monomers
e sucrose
® Polysaccharides

« large polymers
o starch

3-carbon 5-carbon sugars
sugar

OH H
Deoxyribose

Glyceraldehyde Ribose



6-carbon sugars
6CH,OH 6 CH,OH
H 5 0O, H
KOH H
HO') OH HO

H OH
Glucose

Fructose

|Chemical Formulae

2
H OH
Galactose

®= Molecular Formula (empirical formula)

ie. CgH1,04
® Structural Formula

« Diagram showing the arrangement of

atoms.

+ Glucose, fructose & galactose all have

the same empirical formula, but have
different structural formulae.

|Sugar structure

5C & 6C sugars form rings in solution
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(a) Linear and ring forms
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(b) Abbreviated ring structure

I Functional groups determine function

carbonyl

aldehyde

carbonyl

ketone

Triose sugars.

(C3Hg03) (C5H,005)
H_ 0
\ "
u—%—on H—C—OH
o H—C—OH H—C—OH
H |
4 H H—C—OH
2 Giycoraldonyde H—C—OH
Ribose
H—J‘:—on H—C—OH
=0 —0
g H—?—ON H—C—OH
£ H H—C—OH
X Dihydroxyacetone H—C—OH

Ribulose

JStructural Forms

Pentose sugars

Hexose sugars
(CgH,,05)

H\c P H\c P
N—é—on
HO—C—H
HO—C—H
H—C—OH
H—C—OH
H b
Galactose

N_+_°H
f:o
HO—C—H

H—C—OH

Fructose.

® Chain Form: Carbon backbone with
oxygen & hydrogen forming side bonds.

= Ring Form: In aqueous solution, the
molecule closes upon itself to form a more

stable ring form.
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lIsomers of Sugars

® Structural Isomers: different arrangement
of bonds.
+ eg glucose & fructose (See O=C Bonds)

« Your taste buds can tell the difference fructose
much sweeter

« Form different polymers (repeating subunits)
= Stereoisomers: Same bond structure but
different orientations of molecule groups.

« eg. Glucose & galactose: Hydroxyl groups are
mirror images of one another

« 0 glucose (OH below the plane)
« B glucose (OH above the plane)

OH
(c)a. Glucose

(d)B -Glucose

E

alpha-D-Glucopyranose beta-D-Glucopyranose
(alpha- glucose) (beta - glucose)

|Building sugars
= Dehydration synthesis

monosaccharides disaccharide

CH,OH cnzon CH,OH CH,OH
O H
OH H OH HO' ON H OH H
I '
glucose glucose maltose

glycosidic linkage
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Fructose Glucose Galactose
i .
H—(lF— OH c=0 c=0
Structural H—C—OH Stereo- H _é_ OH
Isomer Isomer
HO—-C-H <——— HO—C—H ——3» HO—C—H
H—C— OH H—C—OH HO —C—H
H— OH H—C—OH H—-C—OH
H—C—OH H—C—OH H—C—OH
H H H

|Roles of Monosaccharides

= Source of energy in respiration.

+ C-H bonds release lots of energy when
broken—used to convert ADP to ATP.

« Glucose is the most important,
metabolically.

= Building blocks of larger molecules.
e glucose = starch, glycogen, cellulose
e ribose = RNA (ribonucleic acid) & ATP

« deoxyribose = DNA (deoxyribonucleic
acid)

|Dehydration synthesis
= 2 hydroxyl (-OH) groups line up with one
another
®" One combines with a hydrogen from the

other to form a water molecule: HENCE,
DEHYDRATION/ CONDENSATION

« Forms an oxygen bridge “glycosidic bond”

« Any two hydroxyl groups can line up &
bond

o Large variety of possible disaccharides




Building sugars
= Dehydration synthesis

monosaccharides disaccharide

CH,OH

o CH,OH CH,OH cron
OH H
OH HO
| )Qt‘:uzon Q\ cnzon
glucose fructose sucrose

(table sugar)

-

Glucose + Fructose

6CH,OH 1CH,OH
4 H 1) 12 5
6
HO3 2 3 4 CHoOH
OH (o]

MONOSACCHARIDES

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

HA . o HAY H H
OH H H H (o]

H OH HO! CH,OH io HO! CH,OH
H  OH OH H : H o OH OH M
Glucose Fructose Sucrose

(a)
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|Disaccharides

* Two monosaccharides joined by
a covalent bond

CH,OH CH,OH CH,OH CH,OH
HA—OH Oy " oy o
OH H + H H RO OH H H HO,
H H H CH,0H \HO [ o CH,OH
1 2
H OH OH H H OH OH H
Glucose Fructose Sucrose
(a)
CHZOH CHZOH CH, 2OH
H H A H H
OH H OH H OH H
Glucose Glucose Maltose
(b)

|Breaking Bonds: Hydrolysis
= Hydrolysis: When polysaccharides
break apart to form smaller molecules.
« Hydro = water
o Lysis = breaking apart
= Breaking a molecule apart by adding
water

= Both Condensation & hydrolysis are
controlled by enzymes.

[ ] Maltose Glucose |
H H H H H
-0 /o a /_ /, o—
H20 H20 H20

Starch

Amylopectin
Polymer of a-(1-4}-D-glycopyranasyl units with
‘approximately 4 % a-(1-6) branching Amylose
Polymer of a-{1-2)-D-glycopyranasyl units

cuon
Q Amyloglucosidase Amy\oglumaase
on _— ltorminal (1) residuss}
ot e Glucose.
3 cHon
0 0
on on Amyloglucesidase
b on
OH OH
L e
?
CHOH Ho-poo

oH o Glucose-6-phasphate OH OH OH
= Hexokingse [, dehydrogenase HQ H

e A<
7 N Cqon SN o YT N
G0l oH ATP ADP OH NAD NADH & OH OH
on

OH
Glucose Glucose-6-phosphate 6-Phosphogluconate



|Transport Disaccharides
® |In humans, glucose can circulate in the blood
" |n plants & many other organisms, glucose
must be converted for transport to keep
glucose from being “used up” while in
transport

« The bond breaking enzymes are only located
in tissue where glucose is meant to be used.

« 0 Glucose + fructose = sucrose

« Glucose + galactose = lactose
« Glucose + glucose = maltose

CH,OH

H OH OH H
Glucose Fructose

Sucrose

|Polysaccharides

= Polymers of sugars (NOT sugars)
« costs little energy to build
« easily reversible = release energy
® Function:
« energy storage
= starch (plants)
= glycogen (animals)

+in liver & muscles
¢ Structure
= cellulose (plants)
= chitin (arthropods & fungi)
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CH,OH CH,OH
(@) @)
H A H H A, H
OH H e} OH
HO OH
H OH H OH
Glucose Glucose

Maltose

CH,OH
CH,OH H 4 O\H
OH Q OH H
H O OH
OH H
H H H OH
Glucose
H OH
Galactose
Lactose

jStorage Polysaccharides

® Transport disaccharides may be linked
together as polysaccharides for storage
within cells.

® Plant polysaccharides = starches.

= Animal polysaccharides = glycogen




ILinear vs. branched polysaccharides

slow release

glycogen

fast rel )

CH,OH CH,OH CH,OH CH,OH CH,OH
(0}
4H i Hj_ H f H 4H i H H H H H
OH H OH H OH H O OH H O H H
HO OH
H OH H OH H OH H OH H OH
o form of glucose Starch: chain of a—glucose subunits

/ uoén, uocn, nocu, HOCH, uocu, \
Amylose
a(u) Glycosidic Linkage

e o

B S0k o,, "Q

uu)

Giycosidic  Amylopectin
Linkage
Structure of Starch

Namrata Heda
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2
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b
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[Starches: Amylose

= Amylose = simplest starch, hundreds /

thousands of linked, unbranched alpha

glucose molecules.

« #1 carbon links to #4 of next molecule =
long chains of maltose.

« Long chains coil up in water making it
insoluable in water

« Potato starch ~ 20% amylose

OH

H>\)_O}\o$7ﬂ>\o/<ﬂ>\

HO OH HO OH HO OH HO OH
n

jStarch: Amylopectin

= Most plant starch is amylopectin.
« Also made of many 1,4 linked glucose, but
also have 1,6 branching linkages Only 20-
30 glucose subunits.

+ Mixtures of amylose & amylopectin build
up as starch grains in chloroplasts &
storage vacuoles. Amylopectin

UH l| 00 ))ju
\“ Kon o ? a-l,6-gl_vcosldlc
l_' bonds

3 »&m@«bw Ep g

a-1,4-glycosidic bonds

LGlycogen

= “Animal version of
starch.”
Insoluble
polysaccharide of
branched amylose
chains ‘05 pm’
Average chain much  » Y
longer and greater # L
of branches than plant

starch. r
. s © ¥
= Animal form of energy « i: 2
storage. . Glycogen



GLUCDSE POLYMERS
GLUCOSEUMT = ¢t1-4BONWD * @16BOND = A 1-4BOMD

AMYLOPECTIN [STARCH)

OH OH OH OH OH OH DH OH OH OH OH OH OH DH OH OH OH DH DH OH OH OH DH OH oM AR JSE
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GH  OH  OH  OH  OH  OH  OH  OH  OH OH  OH O OH

a@en R ame e @e S Bamaman s Ba@e e e BeGamaman e . GLYCOGEM

® Unbranched chains of beta glucose

= Several chains are cross-linked by H-
bonding to form fibrils

= Several fibrils crosslink to form fibres
® Forms cell walls of plants

Plant Cell Wall
Structure

wage
e

Pectin— Primary
iall
Cross-Linking,
Glycan JLlasma
s }-Membrane
Cellulose
Microfibrils
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Structural Carbohydrates: Cellulose

i

= Most abundant organic
compound on Earth
« herbivores have evolved a mechanism to
digest cellulose

+ most carnivores have not « { « ¢

Soo. i BB B g

= that’s why they T LELS R\

eat meat to get o bR B

their energy & 0 F b e

nutrients 0. 88,80 B ey .

= cellulose = undigestible © = % fowon

roughage b

roughage ’4

“Plant

cell wall
CH,OH
CH,OH H OH 10 g
H OH CH,OH H H "CH,OH
H H 8H H Jran d h oH
H OH har CH,0H
B form of glucose Cellulose: chain of B-glucose subunits



