Chapter 5. The Structure and Function
of Macromolecules
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(a) Starch: a plant polysaccharide

(b) Glycogen: an animal polysaccharide



Cellulose microfibrils
in a plant cell wall
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(b) Chitin forms the exoskeleton of arthr
This cicada is molting, shedding its ¥ £
exoskeleton and emerging in adult €
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The structure of the chitin monomer



Fatty acid
(palmitic acid)

sterlinae

Glycerol
(a) Dehydration reaction in the synthesis of a fat
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( ) Fat molec le (triacyl lycerol)
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(b) A space-filling model
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Primary
structure

Secondary

and tertiary
structures

Quaternary
structure

Function

Red blood
cell shape

MNormal hemoglobin
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Mormal
hemoglobin
(top view) B

Molecules do M

not associate
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another; each Wb &
carries oxygen. ‘ *

MNormal cells are
full of individual
hemoglobin

molecules, each
carrying oxygen.
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structure

Function

Red blood
cell shape

Sickle-cell hemoglobin
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Molecules
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one anaother to
crystallize into
a fiber; capacity
to carry oxygen
is greatly reduced.

Fibers of abnormal
hemoglobin deform
cell into sickle
shape.
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Renaturation
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Hollow
cylinder

Correctly
folded A
protein

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 released.
cylinder from one environment for the

end. folding of the polypeptide.



X-ray
diffraction pattern

Photographic film

Diffracted X-rays —
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source X4ay
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Nucleic acid Protein

(a) X-ray diffraction pattern (b) 3D computer model



CYTOPLASM

€ Movement of
mRNA into cytoplasm
via nuclear pore

e Synthesis
of protein
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Chapter 4. Carbon and Molecular Diversity of Life



Molecular Structural Ball-and-Stick Space-Filling
Formula Formula Model Model

CH,

(a) Methane

CoHg

(b) Ethane

C,H,
(c) Ethene (ethylene)




Hydrogen Oxygen Nitrogen Carbon
(valence=1)  (valence=2) (valence = 3) (valence = 4)
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Fat droplets (stamed red)

1100 pm
(a) A fat molecule (b) Mammalian adipose cells
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L-Dopa D-Dopa
(effective against (biologically
Parkinson’s disease) inactive)
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Electron
orbitals

Electron-shell
diagrams

O

(maximum
2 electrons)

(maximum
8 electrons)

1s orbital 2s orbital Three 2p orbitals 1s, 2s, and 2p orbitals
(a) First shell (b) Second shell (c) Neon, with two

filled shells
(10 electrons)
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(molecular
formula)

(a) Hydrogen (H,)

(b) Oxygen (O;)

(c) Water (H,0)

(d) Methane (CH,)

Electron-
shell
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Sodium atom Chilorine atom Sodium ion Chloride ion
(an uncharged (an uncharged (a cation) (an anion)
atom) atom) \ v

Sodium chloride (NaCl)




Water
(H20)

Hydrogen bond

Ammonia
(NH3)

o+



Four hybrid orbitals

Tetrahedron
(a) Hybridization of orbitals
Space-filling Ball-and-stick Hybrid-orbital model
model model {with ball-and-stick
model superimposed)
f L. -
104.5°
Water (H20)

Methane (CHy)

(b) Molecular shape models



- Carbon - Nitrogen
I:l Hydrogen - Sulfur
- Oxygen

Morphine

(a) Structures of endorphin and morphine

receptors

Brain cell

(b) Binding to endorphin receptors
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Y Pili

Nucleoid

Ribosomes

Plasma
membrane

Bacterial

chromosome Capsule [ —
0.5 um

Flagella
(a) A typical f,f ) (b) A thin section through the

rod-shaped \ ) bacterium Bacillus
bacterium 7 \ coagulans (TEM)
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(a) TEM of a plasma membrane (b) Structure of the plasma membrane



Huclear envelope: double -
mambrana enclosing the

ENDOPLASMIC RETICULUM (ER}: network nucleus: parforated by

ol membranous sacs and tubes; active in pores, contiguous with ER

membrane synthesls and ather synthelie

and metabollc processes: has rough Huclealus: nonmembranous

Flagellum: lacomotian Syirbevery organelio nvelved in protuction
arganelle present in {rlhﬂ I slud:l!d]- and smeooth reglons o Sl n eiitons S b NUCLEUS
some animal cells: 1 ane or mare nucheoli
composed of membrane- ngh ER Smooth ER

enclosed microtubules *'“f;\\c‘__ Chromatin: material

consisting of DNA and

profeins: visible as

individual chromasomes -
in & dividing call

- g Plasma membrana:
membrang
/ ] enclosing the call
5 b i / I, I '.: 7

Centrosome: region
where (he cell's
microlubules are
initiated; in an animal
cell, containg a pair of
centrioles (function
unknown)

CYTOSKELETON:
reinlorees cell's shape,
functions in cell
movement; components
are made af pm‘tain

r

H!::mﬂlamanls L\‘ f
Intermediate filaments

Ribosomes:
nonmembrancus
organelles (small brown
dots) that make proteins;
fred in eyloplasm or
bound to rough ER or
nuclear envelope

Microtubules

Microwvilli:
projections that
Incroase the cell's
surface area
Golgl apparatus: organelle active
in synthesis. modification, sorting,
and secration of cell products

Peroxisome: organelle

with various
specialized metabolic Lysosame: digestive
functions: produces Mitoehondrion: organelle organalle whars In animal calls but not plant cells:
hydrogen peroxide where cellular respiration macroemaolecules are Lysosomes
occurs and most ATP Is hydrolyzed Cantrioles

genarated Flagella (in some plant sperm)



Nuclear envelope

MUCLEUS

Nucleolus
Chromatin Rough
c endoplasmic
Centrosome: reglon where reticulum

the cell's microtubules
are initiated; lacks

Smooth
centrioles in plant cells

endoplasmic
reticulum

Ribosomes (small brown dots)

Central vacuole: prominent organelle in
older plant cells; functions include storage,
breakdown of waste products, hydrolysis of
macromolecules; enlargement of vacuole is
a major machanism of plant growth
Tonoplast: membrane enclosing the central
vacuale

Golgi apparatus

Microfilaments

Intermediate
l?jar;r:nmﬂ CYTOSKELETON

Microtubules

Mitochondrion

Peroxisome

Plasma membrane Chloroplast: pholosynthetic

organelle; converts energy of
sunlight 1o chemical energy
stored in sugar molecules

Cell wall: outer layer that maintains
cell's shape and protects cell from
mechanical damage; made of
cellulose, other polysaccharides,

and protein Plasmodesmata: channels 'é' plant cells but not animal cells:
thraugh call walls that |’°“TI“.W
Wall of adjacent cell connect the cytoplasms of Central vacuole and tonoplast

A mn?ogum .



Mucleus

Nuclear envelope:

Inner membrane
Quter membrane

Nuclear pore

Pore
complex

Rough ER

Ribosome

Close-up of nuclear
envelope

Pore complexes (TEM)



