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Macromoleculés: The Chemical Building Blocks of Life

The frameworks of biological molecules consist predominantly of carbon atoms
bonded to other carbon atoms or to atoms of oxygen, nitrogen, sulfur or

hydrogen.
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* Because carbon atoms possess four valence electrons and so can form four
covalent bonds, molecules containing carbon can form straight chains,
branches, or even rings, generating a wide range of molecular structures and
shapes.
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* Organic molecules consisting only of carbon and hydrogen are called
hydrocarbons. Covalent bonds between carbon and hydrogen are energy-rich
making hydrocarbons as good fuels.
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* Carbon and hydrogen atoms both have very similar electronegativities, so
electrons in C—C and C—H bonds are evenly distributed, and there are no
significant differences in charge over the molecular surface. For this reason,
hydrocarbons are nonpolar.
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* Most organic molecules (biological molecules) that are produced by cells
contain C—H core to which specific groups of atoms called functional groups
are attached. These atoms that often have different electronegativities giving
biological molecules their polar characteristics
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C Group Properties\&xiwas>
and Compound Name

Examples &nn\

Chemical Grougg

Hydroxyl group (—OH) Is polar due to electronegative oxygen. i )
Forms hydrogen bonds with water, T T o> gkl §353-ghl dg>dL
helping dissolve compounds such as Ethanol, the alcohol present
—OH —(—(C— : p
‘ 4 sugars. i ? % < in alcoholic beverages
(may be written HO—) H H

Compound name: Alcohol (specific
name usually ends in -of)
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Carbonyl group [>C =0) Sugars with ketone groups are called
ketoses; those with aldehydes are called H O H H H 0
aldoses. || | | /1y
’ H—C—C—C—H H—C—C+C
//O Compound name: Ketone (carbonyl | | R
‘ —C group is within a carbon skeleton) or H H H H H

\ aldehyde (carbonyl groupisat theend of @ | A cetone, the simplest ketone Propanal, an aldehyde

carbon skeleton)
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+ Acetone — g M\og‘m‘l\.
« Propanal — usi\ 0l

Carboxyl group (—COOH) Acts as an acid (can donate H*) because
the covalent bond between oxygen and H 0
hydrogen is so polar. | Vi
9 5 H—C—C — — i
/ Compound name: Carboxylic acid, or | OH \O‘
— 10 a2 H
' C organic acid
\OH Acetic acid, which gives lonized form of —COOH
’ d vinegar its sour taste (carboxylate ion),
found in cells
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Amino group (—NH,)

Lo\ oS

Glycme
s\ s

Sulfhydryl group (—SH)

4 —SH

(may be written HS —)

Acts as a base; can pick up an H* from
the surrounding solution (water, in living
organisms).

Compound name: Amine

Glycine, an amino acid
(note its carboxyl group)

o T - T
\C—C—N + H* —— —*N—H
/ | \ |

HO H H H

lonized form of —NH,,
found in cells
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Two — SH groups can react, forming a
“cross-link” that helps stabilize protein
structure. Hair protein cross-links maintain
the straightness or curliness of hair; in hair
salons, “permanent” treatments break
cross-links, then re-form them while the
hair is in the desired shape

Compound name: Thiol
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Ox ~OH

C

| Cysteine, a sulf
Ny N ysteine, a sulfur-
H CI CH—SH containing amino acid

N
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Phosphate group (—OPO3%")
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Contributes negative charge (1- when
positioned inside a chain of phosphates;
2—- when at the end). When attached,
confers on a molecule the ability to react
with water, releasing energy.

Compound name: Organic phosphate

OH OH H 0

[ |l Glycerol phosphate, which
H—C—C—C—0—P—0  takes part in many important

[ | chemical reactions in cells
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Methyl group (—

Affects the expression of genes when
bonded to DNA or to proteins that bind
to DNA. Affects the shape and function
of male and female sex hormones.

Compound name: Methylated
compound

NH,
|
2L~ _CHs 5-Methylcytosine: Cytosine,
T CI a component of DNA, has
C C been modified by addition of
o& \I\ll/ ~H a methyl group.
H
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Biological Macromolecules

* Some organic molecules in organisms are small and simple, containing only one or a few
functional groupq Others are large complex assemblies called macromolecules.
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* In many cases, these macromolecules are usually polymers, molecules consisting of
many similar or identical building blocks (called monomers) linked by covalent bonds.
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* In addition to forming polymers, some monomers have functions of their own. For
example, complex carbohydrates like starch are polymers of simple ring-shaped sugars,
proteins are polymers of amino acids, and nucleic acids (DNA and RNA) are polymers of

nucleotides.
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» Biological macromolecules are traditionally grouped into four major categories:

Proteins Nucleic acids Lipids Carbohydrates

Ioazaguiil cogzanl angeill cio\ns-Y g\ : dud 99 2yl ) v\ ayadl Y5l gng, S\l csivad
sl Qo ot i pliom i3 ki oics 2l

Q900+
—JJJJJJJJJJ\}JJJJJ Monomer

Polymer




Carbohydrates are a source of
energy and provide structural Lgiy\ae>, 09903\l yuan Hhizsgll
support.
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Carbohydrm are a source of
energy and provide structural
support
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Carbohydrate (starch)

Protein (alcohol dehydrogenase)

Nudleotide

Nucleic acids
e o (=]
information an

expression.

Nucleic acid (DNA)




Proteins have a wide
range of functions, such

0 . 117 || @S catalyzing reactions
mm\gwmw u\xpg,ﬂ \ and transporting
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cells.

Amino acid

Protein (alcohol dehydrogenase)
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Carbohydrates are a source of Proteins have a wide
energy and provide structural range of functions, such

Nudleic acid (DNA)
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store genetic
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u\be\ »§ function in gene
A expression.

Nucleic acid (DNA)
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Carbohydrms are a source of
energy and provide structural
support
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expression.
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The fourth class, lipids,
are not polymers
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Carbohydrates are a source of
energy and provide structural

Nudleic acid (DNA)
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- Carbohydrates (glucose - starch/glycogen/cellulose): energy source, storage,

structural support.

- Proteins (amino acids - folded polypeptides): enzymes, transport, structure,
regulation.

- Nucleic acids (nucleotides - DNA/RNA): store and transmit genetic information; direct
protein synthesis.

- Lipids (fatty acids, phospholipids, steroids): energy storage, membrane structure
(phospholipids form bilayers), signaling (steroid hormones).
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Macromolecule Subunit Function
CARBOHYDRATES
Starch, glycogen Glucose Energy storage
Cellulose Glucose Structural support in plant cell
walls
Chitin Modified glucose Structural support
NUCLEIC ACIDS
DNA Nucleotides Encodes genes
RNA Nucleotides Needed for gene expression
PROTEINS
Functional Amino acids Catalysis; transport
Structural Amino acids Support
LIPIDS
Triglycerides (animal fat, oils) Glycerol and three fatty acids Energy storage
Phospholipids Glycerol, two fatty acids, phosphate, and polar Cell membranes
R groups
Prostaglandins MQW\MA Five-carbon rings with two nonpolar tails Chemical messengers
. R, )
Steroids o 9’»“‘\9(‘“3’“/ Four fused carbon rings Membranes; hormones
Aol oyaa) 4 .

Terpenes Long carbon chains Pigments; structural support

Example

Potatoes

Paper; strings
of celery

Crab shells

Chromosomes

Messenger RNA

Hemoglobin
Hair; silk

Butter; corn oil; soap

Phosphatidylcholine

Prostaglandin E (PGE)
Cholesterol; estrogen

Carotene; rubber
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The Synthesis and Breakdown of Polymers

Although each class of polymer is made up of a different type of monomer, the chemical
mechanisms by which cells make polymers (polymerization) and break them down are
similar for all classes of large biological molecules and, these processes are facilitated by
enzymes that speed up (catalysis) chemical reactions.
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The reaction that connects a monomer to another monomer or a polymer is a condensation
reaction, a reaction in which two molecules are covalently bonded to each other with the loss of
a water molecule so it is known as a dehydration reaction. For every subunit that is added to a
macromolecule, one water molecule is removed. Energy is required to break the chemical
bonds when water is extracted from the subunits, so cells must supply energy to assemble
macromolecules.
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Dehydration reaction: synthesizing a polymer

Short polymer Unlinked monomer

Dehydration removes a water
molecule, forming a new bond.

Longer polymer
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adadl dob o\ ,>\)\qh\)>\9 This reaction is repeated as monomers are

added to the chain one by one, lengthening
the polymer



The Synthesis and Breakdown of Polymers
Ol ubsog gy
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* Polymers are disassembled to monomers by hydrolysis, a process that is
essentially the reverse of the dehydration reaction during which the bond
between monomers is broken by the addition of a water molecule, with a
hydrogen from water attaching to one monomer and the hydroxyl group
attaching to the other.
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* Hydrolytic reactions release the energy that was stored in the bonds that were
broken.
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Dehydration reaction: synthesizing a polymer

-9-9-90 00
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Hydrolysis: breaking down a polymer Qh) w Un Mgh\
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Hydrolysis adds a water @

molecule, breaking a bond.
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Carbohydrates

» Carbohydrates serve as fuel and building material and include sugars and

polymers of sugars. Audu\ Sl g9 Ay, dasiing 4y 05\039 399¢) Shssagy, T\ dasd
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» Carbohydrates are polyhydroxy aldehydes or ketones, or substances that yield
such compounds on hydrolysis.
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* Many, but not all, carbohydrates have the empirical formula (CH,O)n;
NLCH_OYo o\ ol es) Ihscaga i 5 cud o) capssdl
O\iing O\l A o) — gyl obi3xe N> NCH O Yawlsd\ danall 2u30 Sy Jnd| om 33 : g B
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* There are three major size classes of carbohydrates
— monosaccharides,
— oligosaccharides,
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* Oligosaccharides =0\-9 10—2)twod dudhw.

« Polysaccharides= \ww‘)gh\m‘\m\u\,».\\m/abg)sdm\m



* The simplest carbohydrates are the monosaccharides, or simple sugars; these
are the monomers from which more complex carbohydrates are built.
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* Disaccharides are double sugars, consisting of two monosaccharides joined by
a covalent bond (glycosidic bond)
(Gnanglale ooy ousncso oyl cadbud, b e, g3gm 6 o6k «3-93;m g Jon 23 i\ Ayl
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Polysaccharides are carbohydrate polymers composed of many sugar
building blocks. AW\ Ili>-g am sl w05l anbumeagyd ooy o2 | Bagse Ayl
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Sugars

Monosaccharides (from the Greek monos,

single, and sacchar, sugar) generally have
molecular formulas that are some multiple

of theunit CH,0.  \yoio (fu=sacchar .slo = Monos adigdl an)ful |

*  Glucose (C¢H,,0),

CH. O -9 Nishinn s tuigi> Awo

the most common

monosau,harlde is of central importance in

the chemistry of life

Slowe-53 \C H. O \)9)911\
| 4\)») 3¢ m,),n m\ ST

* Depending on the location of the carbonyl
group, a monosaccharide 1s either an aldose
(aldehyde sugar) or a ketose (ketone sugar)

Aulg3o-logh i 099.0»)2&99» Lie!
\‘gw,h\s\m») 30l (G Am\mﬂ\\»\

* Glucose, for example, 1s an aldose; fructose, )())9133 d\x)o\dm\!dﬁ

1s a ketose.

Aldoses (Aldehyde Sugars) Ketoses (Ketone Sugars)
Carbonyl group at end of Carbonyl group within
carbon skeleton carbon skeleton

Trioses: three-carbon sugars (C;H.0,)

H
H 0 |
N4 H —CI—OH
l
H _CI_OH (|i=0
C—OH H —CI—OH
I
Glyceraldehyde Dihydroxyacetone
An initial breakdown An initial breakdown

product of glucose product of glucose

IV [ISTSVI RS

The simplest monosaccharides are the

two three-carbon trioses:
*  Glyceraldehyde, an aldotriose

* Dihyvdroxyacetone, a Ketotriose
4, Jo Lhm)g)modw,)umm)ﬁgwmw

wo»\gwmww,n»m‘fqdm)mmww
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* Another

criterion for classifying

monosaccharides 1s the size of the carbon
skeleton, which ranges from 3 to 7 carbons

long.
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* Glucose, fructose, and other sugars that have
six carbons are called hexoses.

SNigifan o NS Jo 9o 6,5 Ao Judlo gy Jefla

* Trioses
pentoses
common.

(three-carbon  sugars) and
(five-carbon sugars) are also
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Monosaccharides Have Asymmetric Centers

aiainpe S e Seisannte- ol
* Al the  monosaccharides  except (55\” X@\DN)\>\} UW\M

dihydroxyacetone contain one or more

asymmetric (chiral) carbon atoms (carbon 09)./‘) 0))& 39»009»3‘“\/ @\\)Q)M
attached to four different atoms or groups Qb”/& 0))\(\5\ND /“9 ,” \
of atoms and thus occur in optically active

isomeric forms. U)\.\)\)C) QSIL\)D U\.@W ) U\)) Z\»\)
ooy oz Uiy sk

* Chiral compounds are optically active WWO@Q\)M U\l)fh\
(except meso compounds) \
gpb\ u\»,n\v\n\

* Many of the carbon atoms to which L\m\)gmza) WWWA’ 09)»\) U\))QDD
hydroxyl groups are attached are chiral -

centers, which give rise to the many sugar U\m\f\‘mm””j\u} 3)93\5\9 N)
stereoisomers found in nature. m&\@mg}g})\ 00_,)0-\) _,h\\)

* The .simplcst aldose, glyceraldehyde, .ggbo‘mx),.\\ubc) 3,)&\”\!&))) bm)\

contains one chiral center (the middle

carbon atom) and therefore has two 0\-)/‘)9) OMQ) u)\x)\)g)} 9‘5) /‘n’)ﬁb&
different optical isomers, or enantiomers ON\,.DU\!&)\M 9\ o\alSo

. $ 5o -

* By convention, one of these two forms is ugﬁf\\)\ I3 &\&:&‘b}«&\&)\/\w
designated the D isomer, the other the L = "
isomer. . L KKA\\)\,}\}\Q ¢ D KKX\)\ (N))\
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o\ A A - a <
M obi) o3 O 0,9\)\(8»9 ‘im U\n’h \ ‘K Aldoses (Aldehyde Sugars) Ketoses (Ketone Sugars)
Carbonyl group at end of Carbonyl group within
carbon skeleton carbon skeleton
Trioses: three-carbon sugars (C;H,0,)
H 40 !
L3 3w 82 8\ad ogyl\ 85 20 il 2 1Y\ \C/ H—C—OH
MRV 30852 sl ogyd\ 05 20 0\ b Dbl n ol i C| m ' Cl -
s 1_
H —C: —0H —C‘—O
e d - 4L . - A . . \ye- H g)po))x}g)y
adgho a0 g“/” JUNEL AV J00 e ol 5.\ Glyceraldehyde Dlhydroxyacetone
A0 29| 001150 Aegasn 2yl 20 Mg 2yl An initial breakdown An initial breakdown
b— ) product of glucose product of glucose
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Cl——H cxh»w,numo,mwo& o2Y ol by
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meso compounds
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Stereoisomers of monosaccharides
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HO——H H——OH D (.Kf\\)\ ~ w\ "w OH 6@9.0)&9)
H—“OH  HO—*H Ll — | Je OHoegdwg) *
poln e | g g g o N ool o sy eunil i
< (.,dw 'Eius%d»\)owmma\Hon \D\ﬁ\@\m d\{f»\d)on)@mx“ Qﬂ ‘m&_ﬁﬁ) O\N\inlnh)\;lnhgxb)\d)ﬁ °
L-Glucose D-Glucose
093 905 3 048 ey | Jow Jwl qzso‘»zsﬁ‘\»wc\ wAMWWA e
——n i H—e—on \mu\gmmmnow w)-lo LS Imad
il » (30 Lo Aea i) ey ool ogfy ol -
o P \cw_)\ul.@OH aegm\glyceraldehyde
Y - L-glyceraldehyde (oe g OHjwl\ J2).

The stereoisomers of monosaccharides of each carbon-chain length can
be divided into D and L as they ditffer in the configuration about the
chiral center (asymmetric carbon atom) most distant from the
carbonyl carbon
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H\ /,0 H— ( —OH
Ll (|‘H OH H— (I —OH zi:

H—<|‘—OH (l‘—o H—(l —OH
CH,OH CH,OH CH,OH Fructose Glucose Calacions
‘ p-Glyceraldehyde Dihydroxyacetone p-Ribose 'I_{ Il_l lil
W= (i‘, —OH (|;= 0 ?: 0
C=0 H—C—OH H—C—OH
H /() H O | |
o CH,OH HO—IC-H — H0—<|3—H — HO—(|)—H
| | |
H—C—OH H—C—OH C=0 H—<|3—0H H—(IJ—OH Ho—(lz—H
HO— (| —H HO—(|‘—H HO—C—H H_?_OH H—C—OH H—(l;—oH
H— l C—OH HO—(L—H H—(l,',—OH H—?—OH H—(|3—OH H—?—OH
| |
H— (| —OH H—C—OH H—(|‘—OH H H H
CH,OH CH,OH CH,OH

| D-Glucose | | p-Galactose | p-Fructose |
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Linear and ring forms of monosaccharides

* In aqueous solutions, glucose molecules, as well as most other five- and six-carbon
monosaccharides, form rings, because they are the most stable form of these sugars
under physiological conditions.

ogliy Nigy3 6—5 s Syt @bmm)qb.\ > ol bl &
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* In these cyclic (ring) structures, the carbonyl group has formed a covalent bond with
the oxygen 01 a hvdroxvl group along thc cham

 aunawalb g ﬂd»qw\o@gmoqb \0 W\\W\u\xﬁ,ﬂ 0ia
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* The formation of these ring structures is thc result of a general reaction between
alcohols and aldeohydes or. ketones \} fieuvatlves called hemiacetals oy

hemiketals. BWQU /umg \OJ.)\P d& Q)NJ(}Q \091)
d\n)(,wsg\d\nm\b.ws

\axiz Y\ Qo0 09y 53 Ao awnzsu byl sy digy B\ azgasn

*  When an alcohol adds to an aldehyde, the result is called a hemiacetal; when an
alcohol adds to a ketone the resultmg ploduct is a hemiketal.
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* Groups pointing to the right in the Fisher (linear) straight chain form, they point
down in the rlng form, while those to the left are point up in the ring
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o and p and anomers
B o Sssliuh\

o3 ,w‘/\m\ * Isomeric . forms | of
bﬂ\og)_,ﬂ\o))bg monosaccharides that differ only
wwmé»\w in their configuration about the

&d\;\nd:w\‘; hemiacetal or hemiketal carbon

cn

atom (anomeric carbon) are called

\ Uil
’ d\m)x anomers.

\,m\mc»n\d@\nﬂ\'\mThe o and p anomers of D-
i 2 o\sn Y off glucose  interconvert in  aqueous
Je\wdam\mmguimbl solution by a  process called
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Classes of carbohydrates .'0\)&389),“\2\9)\

There are three major size classes of carbohydrates: :0\)&)}89),‘)\@?)«‘6{.)&5‘)) 0\}‘.9 &%é\&
— Monosaccharides apl>-Y\ OW\ *
— Oligosaccharides, 0\)&9“&.&\5 OW\ .
— Polysaccharides 5&_))&3\ OW\ .

* Monosaccharides, or simple sugars, consist of a single polyhydroxy aldehyde or
ketone unit. The most abundant monosaccharide in nature is the six-carbon
sugar D-glucose, sometimes referred to as dextrose.
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Oligosaccharides consist of short chains of monosaccharide units, or residues,
joined by characteristic linkages called glycosidic bonds. The most abundant are
the disaccharides, with two monosaccharide units.
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* In cells, most oligosaccharides consisting of three or more units do not occur
as free entities but are joined to nonsugar molecules forming glycoconjugates
(lipids: glycolipids or Proteins glycoproteins).
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¢ The polysaccharides are sugar polymers containing more than 20 or so
monosaccharide units, and some have hundreds or thousands of units.
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* Some polysaccharides, such as cellulose, are linear chains; others such as
glycogen, are branched.
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Monosaccharides are Reducing Agents
0d;05% Unlge ana\>-Y Sy dawl|

Monosaccharides are Reducing Agents they can be oxidized by relatively
mild oxidizing %ents such as ferric (Fe**) qr cupric (Cu?*) ion. )

Z

i oy oo D30 o> by 3 o ey saliem dmlogr a1 ol
A Cu) Jidl ouloi ol (*Fe3) s

* During this reduction activity, the carbonyl carbon (anomeric carbon) is
oxidized to a carboxyl group.
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* Sugars capable of reducing ferric or cupric ion are called reducing sugars.

350 A o Ji o\ ol 05| e sl gl

«  Oxidation is loss of electr-ons, loss of ﬁydrogen or gain of o‘xjygenv

¥ i3 ol awsr riazad| 6l « g IV 0l 28 5nSH)

* Reduction is gain of electrons, gain of hydrogen, or loss of oxygen.
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Oxidation
S\ Syabim g b avmsilon s [ —————
H-2C—OH H—C—OH
H0—3(|:—H HO—¢—H
‘ H—4C|J—OH H—G—OH
HC—OH H—C—OH
- f 6 | —— — |
H OH CH,OH Reduction CH,OH
B-D-Glucose D-Glucose D-Gluconate
(lin(\z*j‘ry form)
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A disaccharide consists of two monosaccharides joined
by a glycosidic linkage
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* A disaccharide consists of two monosaccharides joined by a glycosidic
linkage (dehydration reaction), a covalent bond formed between two
monosaccharides with a hydroxyl group of one sugar and the anomeric
carbon of the other

o 09l awzs adyl « (sle %,odﬁ\m\mmw ol onb»,nc}w,lmom}wnoqm Sl ,)m)\
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* For example:

* Maltose 1s a disaccharide formed by the linking of 2 molecules of D-

glucose.
-)@M\mmpmwowe\»,&mq@mﬂ\b : JUhl duw Je
¢ 00 093,53 9093 il e\ 1-19.D

* Sucrose, the most prevalent disaccharide is formed by linking 2 different
monomers: D- glucose and D-fructose
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Lactose, the sugar present in milk, is another disaccharide, in this case a
D-glucose joined to a D-galactose .
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Disaccharides must be broken down into monosaccharldes to be used for

energy by organisms. N Q))\>' u\_),h““) \N\ UW\,L\\N Q)d
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Dehydration reaction in the synthesis of maltose.

The bonding of two D-glucose units

forms maltose. 9.\‘“)\ ogb D - )Q)QM OJ:)X}() .b\);)\

The 14 glycosidic linkage joins the 0)3bp4—>lmumghl>ob)\)

number 1 carbon of one D-glucose to the
YN 1> oW @O
number 4 carbon of the second D-glucose. ) 9)9)9‘) @9) 9)’0

SN il an 4 @8 ogulil
Joining the glucose monomers in a - -
different way would result in a different ‘4) '9)9') 0.9)_,2}) )Q)QM\U ’>9 'b»
disaccharide. RTINS b')\” AN O.)Qb
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e isaccharide maltose o - Im o - /
Z;ntainsd t\}:/o N D-glulctose D")Q)Ql}' w&gmow )gﬂ\b\m

residues joined by a glycosidic

linkage . between C-1 (the [GW\) C - I (-A» a\l — 4 \-Ob)\/‘) (an

anomeric carbon) of one

ucose residue an -4 o e o 8 . -
ey residue and € of S35 an C-4 )99l 01>

Because  the  disaccharide '{mjw A}\} s\ u}g bg\» )Q-ANJ\
maltose preserves a free

anomeric carbon C-1 of the )Q)QM O‘DC IQ)_/&QJ\} 09).»“\
glucose residue on the right, O,M,N)Qﬂ\b\wdc@u

maltose is a reducing sugar.

The configuration of the anomeric carbon atom in the glycosidic linkage
is a, so the linkage is a(1—>4).
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The glucose residue with the free anomeric carbon is capable of existing
in . and B forms (anomers)
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B-D-Glucose

cr-D-Glucose
”

hyvdrolysis condensation
] l

H.O — | [>> H,O
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Disaccharide Sucrose

Sucrose is a disaccharide formed from D-glucose and

D-fructose.
Do D-ighalsdl emghy i S gz ig fu

* Notice that fructose forms a five-sided ring, though it
is a hexose like glucose.
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* The sucrose molecule is exceptional among the
common disaccharides in having an a-1, [-2-
glycosidic (head-to-head) al«> 2 linkage.
by o3 Yooy sl audlisd| Ayt e jue il 6653 o famd\ adbuly B gias
Aai—1BY auld anh -1, B-2ammughls
* Because this glycosidic linkage is formed by the OH .
group on the anomeric carbon of a-D-glucose and the
OH group on the anomeric carbon of B-D-fructose,
it ties up the anomeric carbons of both glucose and
fructose.
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* In contrast to maltose and lactose, sucrose contains
no free anomeric carbon atom; therefore, sucrose is

a non-reducing sugal) A\\\) 5’9»«)\/‘)9»\)%\9)9’)“) u\ww\? (“,.\}\/\)9)9
s pe Jnigdal dilg o> gmgil og3 o

R e
Nonreducing disaccharides are named as glycosides; in
this case, the positions joined are the anomeric carbons.

In the abbreviated nomenclature, a double-headed arrow
connects the symbols specifying the anomeric carbons
and their configurations.

gl u\)gs,ﬂ\b.exob»,l)\ 25plghl ad\>\ oxes 89"’u\nm9hl>“a\,x>)o Mw\xﬂ\u\),)»\\\umm : o)
aymgil u\m,k\\»o& gl ow ,\\%qmmbﬁ‘wo&h\mmﬂ\& ,)obc)a\pm)\
AB ol )i



OH H
@D \nionyibih il o e ogin

Glucose Fructose

:

1-2 CH,OH
L H glycosidic O

Sucrose
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Sucrose

a-D-glucose + B-D-fructose
Pelycosidic linkage
(head-to-head)
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Disaccharide Lactose

@se (B form)) )

6CH,OH

»ﬁmﬁ molecule of D-glucose

P + g = i3
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The disaccharide lactose,

JPIS ¢

which yields D-galactose and D-glucose on

hydrolysis, occurs naturally only in milk.
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The anomeric carbon of the D-glucose residue is available for oxidation, and

thus lactose is a reducing disaccharide.

[ts abbreviated name is Gal B(1— 4)Glc.
.GalB1—=A\GIC : parShl ol



LPolysaccharides

* Most carbohydrates found in nature occur as polysaccharides, polymers of medium
to high molecular weight.
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* Polysaccharides, also called glycans, differ from each other in:
—  The identity of their repeated monosaccharide units >\ ¥ Jodl anaididlail>o irin o i

— The length of their chains : (3 UOX\“\QJA” e ‘\0\),1»\3\\ O\JW\\;Q)‘\ M é“ bl OW\ sy

— The types of bonds linking the units \6);)\»)\ B)}g“\h_))\)’\}\ OW\ 130 6),11\)\\93\)}9 WS —
— The degree of branching. I de —
Aol by M ulg\ e\l —
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* - Homopolysaccharides contain only a single type of monomer.
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*  Heteropolysaccharides contain two or more different kinds.
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Some homopolysaccharides serve as storage forms of monosaccharides that are used as fuels;
e.g. starch and Elvcogcn.
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* Other homopolysaccharides serve as structural elements in plant cell walls and animal
exoskeletons; e.g. cellulose and chitin.
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* Heteropolysaccharides provide extracellular support for organisms of all kingdoms. For
example, the rigid layer of the bacterial cell envelope (the peptidoglycan) is composed in
part of a heteropolysaccharide built from two alternating monosz}ccharide units.

bl o9 Db dagws e .\ e §ausdl A s - \nee > tanilohl a6 Baasibl DAy fud b
i 13- o iam cukin, 4 51930 i e - (90 -gnind | Youuslall sl o @bl
"~ N-acetylglucosamine l-!qiigui‘}@n‘)\im@m\\ s 6&!}9

. P 025800 g dn &0
N-acetylmuramic acid WD g i

* The extracellular space of animal tissues is occupied by several types of
heteropolysaccharides, which form a matrix that holds individual cells together and
provides protection, shape, and support to cells, tissues, and organs
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Homopolysaccharides Heteropolysaccharides

Unbranched Branched Two Multiple
monomer monomer
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Storage Polysaccharides

. . P09
The most important storage polysaccharides are starch in plant cells and

glycogen in animal cells.oulgodl WIS @ eus-gfalbdlg aulaid g Yl @i\ 22 duig;sdll Bassil Sy Jowd\ es |

* Organisms store the metabolic energy contained in monosaccharides by
converting them into disaccharides, such as maltose, which are then linked
together into insoluble forms that are deposited in specific storage areas in their
bodies. These insoluble polysaccharides are long polymers of
monosaccharides formed by dehydration reaction.
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* Both polysaccharides (starch and glycogen) occur intracellularly as large
clusters or granules .
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* Starch and glycogen molecules are heavily hydrated, because they have many
exposed hydroxyl groups available to hydrogen-bond with water.
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* Plants store starch as granules within chloroplasts and other organelles which
provides a reservoir of energy available for future needs. Energy for cellular

work can be retrieved by hydrolyzing the links that bind the glucose subunits ™ | ﬁ
together f
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* Most plant cells have the ability to form starch, but it is especially abundant in
tubers, such as potatoes, and in seeds.
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Storage Polysaccharides: Starch and Glycogen
a3 ghalbdo Ui\ = auig;Sall dassabl Sy doudl

* Starch contains two types of glucose polymer, amylose and amylopectin.
The amylose consists of long, unbranched chains of D-glucose residues
connected by a (1—4) linkages. Such chains vary in molecular weight from
a few thousand to more than a million. ,
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* Amylopectin also has a high molecular weight (up to 1( million) but
unlike amylose is highly branched.
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* The glycosidic linkages joining successive glucose residues in amy  :ctin
chains are (o 1—4); the branch points (occurring every 24 to 30 r ues)
are (a0 1—>6) linkages. P . S ,
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A(1>4) Llgy i S \'\---\\\b.\\b)\())@\\)\h%éﬂhﬁ&bd
820 30-24 jSolall ),k Lo sy .
a(1-6) dkuly jeks-
Qo &35 gl lgiog-

* Glycogen 1s the main storage polysaccharide of animal cells
000l a5 YSIN @ s s sasabl Joul g2z -l

» Like amylopectin, glycogen is a polymer of (o 1-—>4) -linked subunits of
glucose, with (aa 1—>6) —linked branches, but glycogen is more extensively
branched (on average, every 8 to 12 residues) and more compact than

starch.
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* Glycogen is especially abundant in the liver where it may constitute as much
as 7% of the wet weight; it is also present in skeletal muscle.
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Some Homopolysaccharides Serve Structural Roles

Cellulose, a fibrous, tough, water-insoluble substance, is found in the cell walls

of plants, w\n\\\»\k\\ o> § 159 «\bl 8 wLugil) 01)\9 A2 0999 i) 93\ 9239 Jglabul\

Like amylose and the main chains of amylopectin and glycogen, the cellulose
molecule is a linear, unbranched homopolysaccharide, consisting of 10,000
to 15,000 D-glucose units, but in the B configuration (B 1—>4) glycosidic
linkage).
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Chitin 1s a linear homopolysaccharide composed of N-acetylglucosamine
residues in 3 linkage. The only chemical difference from cellulose is the
replacement of the hydroxyl group at C-2 with an acetylated amino group.
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Chltm forms extended ﬁbers slmllar to those of cellulose and Ilke cellulose
cannot be digested by vertebrates.
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Chitin is the principal component of the hard exoskeletons of nearly a million
species of arthropods—insects, lobsters, and crabs,— many fungi, and is
probably the second most abundant polysaccharide, next to cellulose, in nature.
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Dextrans are bacterial and yeast polysaccharides made up of (o 1—6) -linked
poly-D-glucose; all have (o 1—3 ) branches, and some also have (a0 1—>2) or

(o0 1—>4) branches.
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Starch and cellulose structures.
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. (a) a and B glucose ring bt Mogd \C/
structures. These two CH,CH |
interconvertible forms of 0 H H—C—0H
glucose differ in the HO (|: H
placement of the hydroxyl I - |_ —
group (highlighted in blue) H—C—OH
attached to the number 1 [
carbon. H OH H—C—OH H OH
a Glucose H—C:—OH B Glucose
H
CH OH CH, OH CH OH CH, OH CH, OH OH CH, OH
! ! ! ! OH CH, OH OH CH, OH
" (b) Starch: 1-4 linkage of a glucose monomers. All monomers (c) Cellulose: 1-4 linkage of B glucose monomers. In cellulose,
are in the same orientation. Compare the positions of the every B glucose monomer is upside down with respect to its

—OH groups highlighted in yellow with those in cellulose (c). neighbors. (See the highlighted —OH groups.)



Chitin is a linear homopolysaccharide yd

composed of  N-acetylglucosamine

residues in - linkage. o) £ full
The only chemical difference from
cellulose 1s the replacement of the

hydroxyl group at C-2 with an acetylated
amino group
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Structural Hetgl:“)&polysaccharides: Bacterial Cell Wall

eptﬁoglycanjor murine )
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~"The rigid component of bacterial @QA\\&J{KX\\\)M\@\»AM\Q&\
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N-acetylmuramic acid residues.

The linear polymers lie side by
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The enzyme lysozyme (notably present in tears ) kills bacteria by hydrolyzing the
(B1—>4) glycosidic bond between N-acetylglucosamine and Nacetylmuramic acid
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Structures and Roles of Some Polysaccharides

anhydro-.-Gal(a 1

Polymer Type Repeating unit Roles/significance
Starch Energy storage: in plants
Amylose Homo- (a1—4)Glc, linear
Amylopectin Homo- (a1—4)Glc, with
(e1—6)Glc
branches every
24-30 residues
Glycogen Homo- (a1—4)Glc, with Energy storage: in bacteria and animal cells
(a1—6)Glc
branches every
8-12 residues
Cellulose Homo- (B1—4)Glc Structural: in plants, gives rigidity and
strength to cell walls
Chitin Homo- (B1—4)GIcNAc Structural: in insects, spiders, crustaceans,
gives rigidity and strength to exoskeletons
Dextran Homo- (a1—6)Glc, with Structural: in bacteria, extracellular adhesive
(a1-—3) branches
Peptidoglycan Hetero-; 4)Mur2Ac(31-—-4) Structural: in bacteria, gives rigidity and
peptides GIcNAc(31 strength to cell envelope
attached
Agarose Hetero- 3)o-Gal(31—4)3,6- Structural: in algae, cell wall material
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