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Overview: The Mﬁle’cules of Life i
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» All'living things are made up of four classes

.of large biological molecules: carbohydrates, ;.. «#
lipids, proteins, and nucleic acids

Macrorgolecules are large molecules O(jw‘%"’f
composed of thousands oficovalently . A
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Concept 35.1: Macromolecules are‘polymers,

built from monomers ~ .~@. ;

Type your text

called monomers

Three of the four classes of life’s organic
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The Synthesns and Breakdown of Polymers )
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- A Jehydratlon reaction occurs when two
monomers bond together through the loss of a
water molecule
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» Polymers are disassembled to monomers by . "
ydrolysis, a reaction that is essentlally the

)everse of the dehydratlon reactlon g
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Figure 5.2

(a) Dehydration reaction: synthesizing a polymer

—9-9-@0 09
Short polymer Unlinked monomer
Dehydration removes

a water molecule,
forming a new bond.

Longer polymer

(b) Hydrolysis: breaking down a polymer

Hydrolysis adds
a water molecule,
breaking a bond.
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Figure 5.2a

(a) Dehydration reaction: synthesizing a polymer

©-Q

Unlinked monomer

Short polymer

Dehydration removes
a water molecule,
forming a new bond.

H.0

Longer polymer
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Figure 5.2b

(b) Hydrolysis: breaking down a polymer

Hydrolysis adds

a water molecule,
breaking a bond.
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« Each cell has thousands of dlﬁerent

macromolecules - >
* Macromolecules vary amgng cells of an

organlsm vary more within a specnes and

vary even more between species
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Concept 5.2: Carbohydrates serve a% fuel
and building magperlal A

« Carbohydrates include sugars and the
polymers of sugars

» The simplest carbohydrates are i |
@saccharldes or single sugars L

-_Carbohydrate macromolecules are =@
o @acchandes polymers composed of

~\

Q : 3 W /
- many sugar bulldlng blocks = & v,w";,ﬁ
Clay £\ C)\}Pﬂ \:"NW L_A\ /O)/PQ / ',.DSZ)\),
S = s > QL
ol / (//\)):,& %)

monosaccharides
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sugars
é\} )r\) \)\ v’u\ jP aj\_;_p

M have molecular formulas

that are usually muftlpiés of CH,0

G@%ﬂl&o\gﬂ's the most common
monosaccharide = == aswdordaegst

+ Monosaccharides are classufled by

i =¥ The location of the carbonyl group (as aldose
esae b,y OF KEtose)

. _*»_ The number of carbons in the carbon skeleton
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Aldoses (Aldehyde Sugars)  Ketoses (Ketone Sugars)
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Figure 5.3a

Aldose (Aldehyde Sugar)

Trioses: 3-carbon sugars (C;H¢O;) 2
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Figure 5.3b

Aldose (Aldehyde Sugar)

Ketose (Ketone Sugar)

Pentoses: 5-carbon sugars (C;:H,,0;:)
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Figure 5.3¢

Aldose (Aldehyde Sugar) Ketose (Ketone Sugar)

Hexoses: 6-carbon sugars (C;H,,0,)
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» Though often drawn as linear skeletons, in

agueous solutions many sugars form nngs

(D) 2
+ Monosaccharides serve as a major fuel for

Cells and as raw material for building
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Fiaure 5.4

(a) Linear and ring forms

CH,OH
6

H OH

(b) Abbreviated ring structure
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+ A disaccharide is formed when a dehydration
reaction joins two monosaccharides 65 et o

“Jf ‘_V‘L-d§.. .J.J ‘JL.:A‘

» This covalent bond is called arglycosidic - =<
linkage

hond | s _
CObSAG (A g =

n———-—) wmonosaccharide 2 o olis dal)l ras s
& glycosidic linking Sl ¥ I covalent bond o disaccaride J! Lo 065 311 dasl I
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Animation: Disaccharide
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Glucose Glucose e Maltose

(a) Dehydration reaction in the synthesis of maltose

o, CS'WYH PAY

SR it
‘cHon U CH,OH e

\H.O_

Glucose Fructose Y Sucrose
\
(b) Dehydration reaction in the synthesis of sucrose S“\ ‘\SC“"“
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Polysaccharides

cla 5% ad¥ ol ol G
' EN(support) deles olaas gia
- Polysaccharides, the polymers of sugars, .o

sl “have@torage and sfructurabroles

% The struc't@[g and function of a polysaccharide
are determined by i@wwfe\? and the
positions of glycosidic linkages &

D ety 2 £ 58 (o8 w\ o
polysaccharide J! (JSi&) S5
P opiladie aalaly Gdabigg
+ 4 4S1 monosaccharaid J!
glycosidic J! ;Ks 5l adgs
linkages
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-_otarch, a storage polysaccharide charide of( Iants, i
con5|sts entlrely of glucose monomers —

. Plants store surplus starch as granules within

'

s OV )
e ¢hloroplasts and other plastids AT

« The simplest form of starch is amylose
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Figure 5.6 ,Bu&\&;,\), b e

Chloroplast Starch granules o .. ... . .. Types of starch :

: ®
Amylose . v

() I‘h. A | | } 1 um ' @ 03}§ S 3‘ a',\yné
a plant polysaccharide L2 o) el T




Figure 5.6a

Chloroplast Starch granules
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/Glycogen s a storage polysaccharide in ,B 43§
oy animals =, .. it B 5
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glycogen mainly in liver and muscle‘cells
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Figure 5.6b

ia Glycogen granules
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The polysaccharlde cellulose IS @ major :’s'*&g‘g“ Yool
u,\,s\ I 5 ol

component of the to ug wall of plantgells v » .-

s cellulose
. Like starch, cellulose is a polymer of glucose
but the glycosidic linkages dlffer o ol ey

» The difference is b gﬁ two ring forms for
glucose: alpha’{a) and beta (B)

i/ 3

Starch cellulose
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Animation: Polysaccharides
Right-click slide / select "Play”
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Figure 5.7

Glu -
H\ /O
a) a and P glucose
( ring stpn?ctures i H_I_ou
H H
4 1 . = HO—-?l-H -
HO 4 \l u—tl:-OH
H OH¥- Gig | HooH
aGluooagc"", H—C—OH
:

CH,OH CH,OH CH,OH CH,OH

CH,OH OH  CH,OH o
"O.O'O’O’OH Ho“"qn"o. O.OH
OH OH OH OH OH OH
(©) Cellulose:

®) Starch: 18 lnkage of  lucose monomers
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Figure 5.7a

HO—Clz—H
H—(|3—OH
H OH H—C—OH H OH

a Glucose H_é_oﬂ B Glucose

|
H

(a) a and B glucose ring structures




Figure 5.7b

CH OH CH OH CH OH CH OH

($
C)q) OH V

(b) Starch: 1-4 linkage olucose monomers

N

\ CH OH CH, OH

CH,OH CH,OH W‘
.,\V
32(::) C ;

ellulose: 1-4 linkage o@glucose monomers
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lucose arestraight; =<

.\./W\_,-\/

traight structures, H atoms on one
strand can bond W|th OH groups on other
strands " . oo e 281z

o Parallel cellulose mc!gcules held together

‘this way are grouped into microfibrils,

which form strong building materials for
ﬁ“_f& [0 ap & > ot
plants
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Figure 5.8

-¢z. Cellulose
icrofibrils in a
plant cell wall

Microfibril

| Gt s 38 ae oh JI GOF USSY
V) cellulose JI 4 Go uly; Sale oS

monomer
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Figure 5.8a
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Figure 5.8b

Cell wall <
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Figure 5.8c

Cellulose
microfibrils
in a plant
cell wall
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Ilnka'ges; can't hydrdlyze B Ilnkages In cellulose

. Cellulose in human food passes through the
m}\q dlgestlve tract as msoluble fibgp -2V
s zymes to digest
cellulcse

© 2011 Pearson Education, Inc.



- Chitin, another structural polysaccharide, is
found in the exoskeleton gf arthropods
A 9%

» Chitin also provides structural support for the
cell walls of many fungu @ —E0u

Qe\-—i(—- L_)\—-'J \/‘J“’ -
SN — Ol
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Figure 5.9

CH,0H <« The structure

of the chitin
monomer

polpmar “savis
5 $
A éé S5
s

A 54 )\B‘ﬁd‘
<4 Chitin forms the exoskeleton
of art arthropods.

O Wt N

Y Tl bsa

WJ'}ouu.:.S

B Ji=aol LS

A Chitin is used to make a strong and flexible
surglcal thread that decomposes after the
wound or incision heals.
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Figure 5.9a

‘f

b T N Yy

A Chitin forms the exoskeleton
of arthropods.




Figure 5.9b

A Chitin is used to make a strong and flexible surgical
thread that decomposes after the wound or incision
heals.
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Concept 5.3: Lipids are a diverse group of

hydrophobic molecules S\oyay -
G — 3t r—-x» JC"
- Lipids are the one class of large biological ,
molecules thatdo not form polymers) ., -w--

« The unimﬁg feature of lipids is having little or «*"~
no affinity for water p—
» Lipids are hydrc)phgblc because they consist

b2 )
.., Mmostly of hydrocarbons, which form nonpolar

woa covalent bonds | Le=ed 0 glydsls b e

» The most biologically important lipids are fats,
phospholipids, and steroids AT IR
% 2 Q P

o
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» Fats are constructed from two types of smaller
Ly pd? A (P T . 5

molecules: glycerol and fatty acids &«— ™
+ Glycerol is a three-carbon alcohol with a

hydroxyl group)attached to each carbon ™%« <essese
. A fatty acid consists of alcarboxyl group

attached to a long carbon skeleton

. C33Ew
%/\\ @O':J-'(/J -

R A’
Q=3 °>)n8
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Fatty acid

(b) Fat molecule

H
H
H
: (a) One of three dehydration reactions in th
2 SpiieR

Figure 5.10



Figure 5.10a

Fatty acid
(in this case, palmitic acid)

Glycerol

(a) One of three dehydration reactions in the synthesis of a fat
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+ Fats separate from water because water
molecules form hydrogen bonds with each .ui-ws
other and excludethefats ____ _ , (eswetos

Lisagydud baslg

* |n a fat, three féfty acids are joined to p Juailing
glycerol by an ester linkage, creating a 2 sadl

triacylglycerol, or triglyceride o¥ §oX
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Figure 5.10b

Ester linkage

A

)
C

H

(b) Fat molecule (triacylglycerol)
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+ Fatty acids vary in length (number of carbons)

and in the number and locations of double.
bonds -— N BRI N I
™0 ot

°~ - Saturated fatty acids have the maximum
~ £ number of hydrogen atoms possible and f®
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Right-click slide / select "Play”

Animation: Fats

Fatty acid
Fatty acid
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Figure 5.11

(a) Saturated fat

Structural
formula of an
unsaturated fat
molecule

Space-filling

T

Space-filling model

f oleic acid, an
un.?a'ﬂﬁ%éa fatty

acid

o

4 .
K Cye i _g_s_ double bond
\
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Figure 5.11a

(a) Saturated fat

Structural
formula of a
saturated fat
molecule

Space-filling
model of stearic
acid, a saturated
fatty acid




b (b) Unsaturated fat

Structural
formula of an
unsaturated fat
molecule

Space-filling model
of oleic acid, an
unsaturated fatty
acid

Cis double bond
causes bending.
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Figure 5.11c
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Figure 5.11d

0201 Foavrsor Fhcnton e



* Fats made from saturated fatty acids are
called & and are §6lid at room

T e
* Most animal fats are saturated
« Fats made from unsaturated fatty acids are

called unsaturated fats or oils, and arefigai@

0\.4
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asculardisease through plaquedeposite
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Hydrogenation is the process of convertin
| -"' i;o ”'_.,-_.“-.l’:& o4 ‘g‘.-‘i.-;';-‘.-r‘:,;--. : = »’.-“’L’ .

S
<

unsaturated fats to saturated fats by adding : 2.
hvdrogen Xeess s\ ) (S8 azsss ) Csue o, Lo Gy
o . g Q;‘i T g x4
- Hydrogenating vegetable oils glso,creates oaso #4t
unsaturated fats with frans double bonds

+ These trans fats may contribute more than

saturated fats to cardiovascular disease
\”v§\ ="\ WS 1 a}&.kb’ 2l {151 )
ANS




_+ Certain unsaturated fatty acids are not

qﬁb*'éynthesized In the human body
« These must be supplied in the diet )

« These essential fatty acids include the omega-3
fatty acids, required for normal growth, and
thought to provide protection against
cardiovascular disease

asy -\ é)
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» The major functlon of fats IS energf*’irf starage
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Phospholipids

The two fatty acnd talls are hxdrophob e, but
the phosphate group and its aﬂachrggg\ts

formanh drophlllc head
S

o
\Mé@&
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Figure 5.12

Hydrophilic head

rophobic tails

-

(a) Structural formula
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(c) Phospholipid symbol
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Figure 5.12a

CH,—NICH)s . (@ ChCh
= o8 **  Choline (. “
& . -.

5 o U &« C
= >— 0 D C
= s gL Phosphate *
3 ° '
} . . e s
} :l;H’ ?OH 4 Glycerol
A s ¢
C=0 C=0
L
=
= Fatty acids
e
O
= l
Q.
=
S,
r

(a) Structural formula (b) Space-filling model



« When phospholipids are added to water, they
(PO 7 ” “f\’i‘“‘bq -
self-ass Dle.into a bilayer, with the,, ,,
hydro?)ﬁoblc’fails pointing toward the interior
A The structure of phospholipids results in a

2 g\ S

-/ bilayer arrangement found in cell membranes
3 . g
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Figure 5.13




Steroids ~—s 23! ol

+ Steroids are,llglds characterized by a carbon

e

?: skeleton consisting of four fused RHDQS 3 03V

-~

. Cholesterol, an Important steroid, is a ?\“‘\)‘
component in animal cell membranes

- Although cholesterol is essential in animals, %
high levels in the blood may contribute to -

B . > ’ \
cardiovascular disease {J!J O
> 3L

Q54N
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Figure 5.14
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Concept 5.4: Proteins include a diversity ot

structures, resulting in a wide range of
funCtiOns The MonNzMars (RO (P aseras g

awiino ac;c:lc o\ (
> mn == v\ng{gﬁ -
+ Proteins account for mgre than 50% of the dry
mass of most cells —..e5 BURYLR

* Protein functions include structural support,
storage, transport, cellular communications,
movement, and defense against foreign
substances
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Figure 5.15-a

Enzymatic proteins Defensive proteins

Function: Selective acceleration of chemical reactions Function: Protection against disease

Example: Digestive enzymes catalyze the hydrolysis Example: Antibodies inactivate and help destroy
of bonds in food molecules. viruses and bacteria.

Storage proteins Transport proteins
Function: Storage of amino acids Function: Transport of substances

Examples: Casein, the protein of milk, is the major Examples: Hemoglobin, the iron-containing protein of
source of amino acids for baby mammals. Plants have vertebrate blood, transports oxygen from the lungs to
storage proteins in their seeds. Ovalbumin is the other parts of the body. Other proteins transport
protein of egg white, used as an amino acid source molecules across cell membranes.

for the developing embryo.

s @
N |

J
S

r protein

.?) )

!
0%

' a0 )
) ﬁ JJ
. 9 -
.

Ovalbumin Amino acids
for embryo Cell membrane
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Figure 5.15-b

Hormonal proteins

Function: Coordination of an organism’s activities

Example: Insulin, a hormone secreted by the

pancreas, causes other tissues to take up glucose,
thus regulating blood sugar concentration

Insulin

\¢~ High
blood sugar Sacreted

blood sugar

Contractile and motor proteins

Function: Movement

Examples: Motor proteins are responsible for the
undulations of cilia and flagella. Actin and myosin
proteins are responsible for the contraction of
muscles.

nl“ ""'Mw'x

p—— SV R TR
o pu f..‘,n,u.n  Bein

nuu

Muscle tlssue
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Receptor proteins

Function: Response of cell to chemical stimuli

Example: Receptors built into the membrane of a
nerve cell detect signaling molecules released by
other nerve cells.

Receptor

Signaling
molecules

Structural proteins

Function: Support

Examples: Keratin is the protein of hair, horns,
feathers, and other skin appendages. Insects and
spiders use silk fibers to make their cocoons and webs,
respectively. Collagen and elastin proteins provide a
fibrous framework in animal connective tissues.

Collagen

“-'f' - ...'
Connective ST
tissue 60 pm
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Enzymatic proteins b ol - 2
. t = LA\
’é‘d étubﬁ ‘geﬁ'ectlve accele fajlon of chemical reactions

Example: Digestive enzymes catalyzo the hy dro is
of bonds in food molecules.
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Figure 5.15b

Storage proteins > www,;“‘"
Function: Storage of amino a |ds

Examples: Casgin the proF m, lk IS the major
urce of amino acids for. aB’ym
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Figure 5.15¢
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Figure 5.15d
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Figure 5.15e
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Figure 5.15f
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Figure 5.15g
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Figure 5.15h
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Animation: Structural Proteins
Right-click slide / select “Play”
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Animation: Storage Proteins
Right-click slide / select "Play”

©2011 Pearson Education, Inc.



Animation: Transport Proteins
Right-click slide / select "Play”
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Animation: Receptor Proteins
Right-click slide / select "Play”
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Animation: Contractile Proteins
Right-click slide / select “Play”
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Animation: Defensive Proteins
Right-click slide / select “Play”
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Animation: Hormonal Proteins
Right-click slide / select “Play”
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Animation: Sensory Proteins
Right-click slide / select “Play”
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Animation: Gene Regulatory Proteins
Right-click slide / select "Play”



- Enzymes are a type of protein that acts as a

@}chatalyst to speed u chemical reactions

Enzymes can pe Form their funct \9:15,
3» repeatedly, functioning as workhorses that

carry out the processes of life
<ﬂ'd / M \5\\510’
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Animation: Enzymes
Right-click slide / select “Play”
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Polypeptides LB
£33
» Polypeptides are unbranched polymers built..
from the same set of 20 amino acids - &=
« A protein is a biologically functional molecule
that consists of one or more polypeptides
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Amino Acid Monomers —— "' & T =
- Amino acids are organic molecules wuth
\ "4
carboxyl and amino groups —— &t ekt

]“{ (’\MPS\

« Amino acids differ in their propertles due to
dlffenng side chams called R groups
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Figure 5.UNO1
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Figure 5.16
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Figure 5.16a

Nonpolar side chains; hydrophobic
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Figure 5.16b

Polar side chains; hydrophilic

O

H
H,

i o ©

H,N*— "
O

I—O-—-O—

Serine
(Ser or S)

OH

H
' 2
H,N*—C—C—O0~

|
H O

Tyrosine

(TyrorY)

N

|
Han*—clz—clf—o-
H O

Threonine
(ThrorT)

Asparagine
(Asn or N)

éu

H N+ — I c“:o-
H O

Cysteine
(Cys or C)

Glutamine
(GIn or Q)



Figure 5.16¢

Electrically charged side chains; hydrophilic
Basic (positively charged)

NH
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Amino Aczd | Polymers

3\ A\ 2 3 hY o
o \YAE

+ Amino acids are linked by "g,.’*pﬁ'déi bonds

« A polypeptide Is a polymer of amino acids

- Polypeptides range |%1J lyength from afew to

more than a thousand monomers . s (M
- Each polypeptide has a unique linear il

sequence of amino acids, with a carboxyl end
(C-terminus) and an amino end (N-terminus)
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Figure 5.17
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Protein Structure and Function

- A functional protein conS|sts of one or more
polypeptides precisely twusted foldéd and

-coiled into a unique shape
Each protein consists of one or more than one polypeptides &

' Functional jaas 88y orogall 5eS0 L

-

The polypeptide is non-functional (35 e Sau La cls lie
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Figure 5.18
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(a) A ribbon model

(b) A space-filling model
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Figure 5.18a

(a) A ribbon model



(b) A space-filling model
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Figure 5.19

Antibody protein Protein from flu virus




Four Levels of Prote

in Structure
o\ (S

- T hstrqcture pf a protein Is its g}n&g
sequence of amino acic S, T\
T TAVA o i .

. structure, ound in most proteins,
consists of coils and folds in the polypeptide

SO D

-, 6\l =
cham[ o Ru%\h wes

o structure IS determined by interactions

among various side chains (R groups)

. tructure results when a protein
consists of ' multiple polypeptide chains

o_ ?‘(Q\Q_'\\x\ﬁ\ \553\\0\ Ve
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Animation: Protein Structure Introduction
Right-click slide / select “Play”
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Figure 5.20a

Primary structure
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- Primary structure, the sequence of amino

acids in a protein, is like the order of letters
In a long word

« Primary structure is determined by inherited

genetic information oo Bobe 98 ooVl WSl 6l ol
Llall Cubs Amino acids J! Jeulis

A Gl Sl o G
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Animation: Primary Protein Structure
Right-click slide / select "Play”
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Figure 5.20b
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* The coils and folds of secondary structure
result from hydrogen bonds between repeating

constituents of the polypeptide(backbone)—s R%“.ag

+ Typical secondary structures are a coil called
an o helix and a folded structure called a 3
pleated sheet e
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Animation: Secondary Protein Structure
Right-click slide / select "Play”
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Figure 5.20¢

Secondary structure

Hydrogen bond
B pleated sheet

B strand, shown as a flat
arrow pointing toward
the carboxyl end

Hydrogen bond
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Figure 5.20d
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« Tertiary structure is determined by
interactions between R groups, rather than
interactions between backbone constituents

« These interactions between R groups include
(fonic bonds, hydrophobic

interactions -andjvan der Waals interactions

- Strong covalent bonds called(disulfide = C’ijjj—

bridgesynay reinforce the protein’s structure
X
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Animation: Tertiary Protein Structure
Right-click slide / select "Play”
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Figure 5.20e
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Figure 5.20f
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Figure 5.20h

Collagen
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Figure 5.20j




+ Quaternary structure results when two or
more polypepfiae chains form one
macromolecule

- Collagen is a fibrous protein consisting of three
polypeptides coiled like a rope

- Hemoglobin is a globular protein consisting of

four polypeptides: two alpha and two beta
chains

© 2011 Pearson Education, Inc.



Animation: Quaternary Protein Structure
Right-click slide / select "Play”
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Sickle-Cell Disease: A Change in Prlmary

| — ¥
Structure = el

« Sickle-cell disease, andnheérited blood
‘disorder, results from a single amino acid
substitution in the protein hemoglobin

$
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Figure 5.21
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Figure 5.21b
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What Determines Protein Structure?
ol GQPQC\' ® @

 |n addition to primary structure, physical and
chemical conditions can affect structur e) o
SHE" N 2N \LC'

Alte@\;‘l’ons In pH, salt concentra lon,

I{\% temperature, or other environmental factors

3’ can cause a protein to unravel

Sof 7 V) =
3 / This loss of a protein’s na?ﬁfé structure 1S

,,g called denaturation - ‘..cteee Cesididens

- A denatured protein is biologically inactive

(cxinsall e 3515al1 ,56) denaturation Glee dyuals elis Jilu €, oxigydl 5lps “-’vJ a3 U
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Protein Folding in the Cell Q}’ﬁ'

» |t is hard to predict a protein’s structure from
Its primary structure

« Most proteins probably go through several
stages on their way to a stable structure

« Chaperonins are protein molecules that
assist the proper folding of other proteins

 Diseases such as Alzheimer’s, Parkinson's,
and mad cow disease are associated with

misfolded proteins
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Figure 5.23
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Chaperonin Steps of Chaperonin @) The cap attaches, causing & The cap comes

(fully assembled) Action: the cylinder to change off, and the
€ An unfolded poly- shape in such a way that properly folded
peptide enters the it creates a hydrophilic protein is
cylinder from environment for the released.
one end. folding of the polypeptide.
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Figure 5.23a
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Figure 5.23b - e
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peptide enters the it creates a hydrophilic protein is
cylinder from environment for the released.

one end. folding of the polypeptide.
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« Scientists use%—ray crystallograph%to
determine a protein’s structure

« Another method is (nuclear@r%agnetic

resonance)(NMR) spectroscopy, which does
i (B2 Ga0b crless

not require protein crystallization

- Bioinformatics uses icomputer programsyo
predict protein structure from amino acid
sequences

digital Y| 4adl ey Xray balild alug Sl sl sglsany (ahg ] sauan
gyl Slhels Jaah il da ¥l e 380 Gaie ol detector
Liss K& e detector J! ole oSais oilelad! JSE e e allaig
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Figure 5.24
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Figure 5.24a
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Figure 5.24D
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Genes are made of DNA, a nucleic acid
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The Roles of Nucleic Acids

° There a re
_ JOJ% cleic ac d (DNA

— Ribonucleic acid (RNA
« DNA provides dlreewons for its own

o) replication -

« DNA dlrects synthesis of messenger RNA
(MRNA) and, through mRNA controls
7\,; protein synthesis LGP

+ Protein synthesis occurs on ribosomes

NNV

50 o8 A N xS
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Figure 5.25-1
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Figure 5.25-2
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The Components of Nucleic Acids

- RNAK 7 DNV
- Nucleic acids are polymers called
polynucleotides
- Each polynucleotide is made of monomers
called nucleotides

- [Each nucleotide consists of a nitrogenous
base, a pentose sugar, and one or more
phosphate groups

« The portion of a nucleotide without the
phosphate group Is called a nucleoside

© 2011 Pearson Education, Inc.



Figure 5.26
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Figure 5.26ab
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. = nitrogenous base + sugar

- There are two families of nitrogenous bases

T Pyrimidines (cytosine, thymine, and uracil) C\ \\

-

adl have a single six-membered ring

w5 — Purines (adenine and guanine) have a six- A ©

¥ »7> membered ring fused to a five-membered ring
\.\\\f,ou

- In DNA, the sugar is deéxyrlbose INn RNA, the
sugar is ribose

+ Nucleotide = nucleoside + phosphate group

© 2011 Pearson Education, Inc.



Nucleotide Polymers

Nucleotide polymers are linked together to build
a polynucleotide

Adjacent nucleotides are joined by covalent
bonds that form between the —OH group on the
3’ carbon of one nucleotide and the phosphate
onithEStcarpononthengxy - .. ».»

These links create a‘backbone of sugar-
phosphate units with nitrogenous bases as
appendages

The sequence of bases along a DNA or mRNA

polymer is unique for each gene
Y T T PSS Y = SN

© 2011 Pearson Education, Inc.



The Structures of DNA and RNA Molemlles

- RNA molecuLes usually exist as

polypeptide cham

DNA molecules have

V’%plrallng around an imagina formmg @,y i
MQ*J—‘ \$PS o o* 2ﬁ_/dcws,s\
m s L PN -

» |n the DNA double helix, the two backbones
run in opposite 5'— 3’ directions from each
other, an arrangement referred to as

antiparallel. °7lo-r e g

- One DNA molecule includes many genes

© 2011 Pearson Education, Inc.
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The nitrogenous bases in DNA pair up and form
hydrogen bonds: adenine (A) always with
thymine (T), and guanine (G) always with
cytosine (C) o)?s (N

ﬁ

Called complementary base pairing cvux Al

Complementary pairing can also occur between

two RNA molecules or between parts of the same
molecule

In RNA, thymine is replaced by uracil (U) so A
and U pair

© 2011 Pearson Education, Inc.



Figure 5.27

Base pair joined
by hydrogen
bonding

(b) Transfer RNA
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DNA and Proteins as Tape Measures of
Evolution X ( > oxS
« The linear sequences of nucleotides in DNA

molecules are passed from parents to offspring

« [Two closely related species are more similar in
DNA than are more distantly related species

« Molecular biology can be used to assess
evolutionary Kinship

© 2011 Pearson Education, Inc.



The Theme of Emergent Properties in the
Chemistry of Life: A Review

- Higher levels of organization result in the

),? emergence of new properties
ér"-' Organization is the key to the chemistry of life

6‘\"? (“? .
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Figure 5.UNO2

Large Biological Molecules

Functions

concirr .2

Carbohydrates serve as fuel
and building material

~ Fuel; carbon sources that can be coo-

verted to other molecules or combined

T nto polymers

—1--

* Strengthens plant cell walls

* Stores glucose for energy

* Stores glucose for energy

* Strengthens exoskeletons and fungal
cell walls

concirt .3

Lipids are a diverse group
of hydrophobic molecules

Important energy source
1

—l

+ 2 fatty acxs

Sterolds: four fused nngs with
attached chemical groups
4 - fr——
concert ). 4 2
. o Structural proteins
Proteins include a diversity * Storage protens
of structures, resulting in a * Transport protens
wide range of functions e Hormones
_-" = * Receptor proteins
Amino monomer * Motor protens
(20 types) * Defersive protens
t- T -3 n ‘
concert .5 Wogeaus base,  DNA: WA NG |
Nudieic acids store, transmit, 'mm :w. sbases = C. G AT
and help express hereditary B—Cny * Usualy double-stranded
information : ' T
RNA: 7N\ Various functions dunng gene
* Sugar = ribose wmm
« Nitrogenous bases = C, G, A U | Instructions from DNA to ribasomes
* Usualy single-stranded
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Figure 5.UN0O2a

Large Biological Molecules

Examples

Functions

concerT 5 2

Carbohydrates serve as fuel
and building material

Monosaccharides: glucose,
fructose

Disaccharides: lactose, sucrose

Fuel; carbon sources that can be con-
verted to other molecules or combined

into polymers

Polysaccharides:
* Cellulose (plants)
* Starch (plants)

* Glycogen (animals)
e Chitin (animals and fungl)

* Strengthens plant cell walls
* Stores glucose for energy
* Stores glucose for energy

* Strengthens exoskeletons and fungal
cell walls

concert 5,3

Lipids are a diverse group
of hydrophobic molecules

© 2011 Paanson Egucaton, ing

Triacylglycerols (fats or oils):
glycerol + 3 fatty acids

Important energy source

Sterold backbone

Phospholipids: phosphate group
+ 2 fatty acids

Lipid bilayers of membranes

‘ alf
i 'l“ ‘.”' ‘V"l
Q 'ﬂl’ |{ ]

Sterolds: four fused rings with
attached chemical groups

* Component of cell membranes
(cholesterol)

* Signaling molecules that travel through
the body (hormones)




Figure 5.UN02b

Large Biological Molecules

Examples

Functions

concert ) 4

Proteins include a diversity
of structures, resulting in a
wide range of functions

¢ Enzymes

* Structural proteins
* Storage proteins

* Transport proteins
* Hormones

* Receptor proteins
* Motor proteins

* Defensive proteins

e Catalyze chemical reactions

* Provide structural support

* Store amino acids

* Transport substances

* Coordinate organismal responses
* Receive signals from outside cell
* Function in cell movement

* Protect against disease

CONCEPT . 1)

[ ——————————— =
Nucleic acids store, transmit,

and help express hereditary
information

Nucleotide monomer

ONA: NN/

* Sugar = deoxyribose
* Nitrogenous bases = C, G, A, T
* Usually double-stranded

Stores hereditary information

RNA: 7N\ \_.

* Sugar = nbose

* Nitrogenous bases = C, G, A, U
* Usually single-stranded

Various functions during gene
expression, Including carrying
instructions from DNA to ribosomes
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Figure 5. UNO3

Linear form
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Figure 5. UNO4




Figure 5. UNOS



Figure 5. UNOG6




Figure 5. UNO7

© 2011 Poarson Education. ne.



Figure 5. UNO8

3 end
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Figure 5. UN10

Mis match
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Figure 5. UN12

Monomers Polymer or
or Components \agef molecul ‘Tar& of linkage
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Figure 5. UN13




