Cell Structure and Function

1. Microscopes

Table 4.2  Comparison of Types of Microscopes
Type of Microscope Typical Image  Description of Image Special Features Typical Uses
Light Microscopes Useful magnification Use visible light; shorter, blue
1x to 2000x; resolution wavelengths provide better
to 200 nm resolution
Bright-field Colored or clear specimen Simple to use; relatively Observation of killed stained
against bright background inexpensive; stained specimens spedmens and naturally
often required colored live ones; also used to
count micreorganisms
Dark-field Bright specimen against Use a special filter in the Observation of living, colorless,

Phase-contrast

Differential
interference
contrast (Nomarski)

Fluorescent

Light Microscopes
Confocal

Electron Microscopes

Transmission

Scanning

Probe Microscopes

Scanning tunneling

Atomic force

dark background

Specdmen has light and
dark areas

Image appears
three-dimensional

Brightly colored fluorescent
structures against dark
background

Single plane of structures
or cells that have been
specifically stained with
fluorescent dyes

Typical magnification
1000x to 100,000,
resolution to 0.001 nm

Monotone, two-dimensional,
highly magnified images;
may be color-enhanced

Monotone, three-dimensional,
surface images; may be
colar-enhanced

Magnification greater than
100,000,000 with resclving
power greater than that of
electron microscopes

Indinidual molecules and
atoms visible

Individual molecules
and atomns visible

Copyright @ 2006 P Education, Inc.,

condenser that prevents light
from directly passing through a
specimen, only light scattered by
the specimen is visible

Use a spedial condenser that splits
a polarized light beam into two
beams, one of which passes
through the speamen, and one

of which bypasses the specimen;
the beams are then rejoined before
entering the oculars; contrast in the
image results from the interactions
of the two beams

Use two separate beams instead

of a sphit beam; false color and a
three-dimensional effect result from
interactions of light beams and
lenses, no staining required

An ultraviolet light source causes
fluorescent natural chemicals or
dyes to emit visible light

Use a laser to fluoresce only one
plane of the specimen at a time

Use electrons traveling as waves
with short wavelengths; require
spedimens to be in a vacuum, so
cannot be used to examine living
microbes

Produce two-dimensional image
of ultrastructure of cells

Produce three-dimensional
view of the surface of microbes
and cellular structures

Use microscopic probes that move
over the surface of a specimen

Measures the flow of electrical
current between the tip of a probe
and the spedimen to produce an
image of the surface at atomic level

Measure the deflection of a laser
beam aimed at the tip of a probe
that travels across the surface of
the specimen

unstained organisms

Observation of internal structures
of living micrcbes

Observation of internal structures
of living microbes

Localization of speafic chemicals
or structures; used as an accurate
and quick diagnostic tool for
detection of pathogens

Detailed cbservation of structures
of cells within communities

Observation of internal
ultrastructural detail of cells and
cbservation of viruses and small
bacteria

Observation of the surface details
of structures

Observation of the surface of
objects, provide extremely fine
detail, high magnification, and
great resclution

Observation of living specimens
at the molecular and atomic
levels



2. Macromolecules
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3. Cell Membrane

TABLE 12-1 A COMPARISON OF ION CONCENTRATIONS INSIDE AND OUTSIDE ATYPICAL MAMMALIAN CELL

COMPONENT INTRACELLULAR CONCENTRATION (mM)
Cations

Na* 5-15

K* 140

Mg** 0.5

C.IO 10‘

H* 7X10°(1072*MorpH 7.2)

Anions*

cr 5-15

* The cell must contain equal quantities of positive and negative charges (that is, be electrically neutral). Thus, in addition to CI,
the cell contains many other anions not listed in this table; in fact, most cellular constituents are negatively charged (HCO -, PO *,

EXTRACELLULAR CONCENTRATION (mM)

145

5

1-2

1-2

4X10°(107*Mor pH 7.4)

110

proteins, nucleic acids, metabolites carrying phosphate and carboxyl groups, etc.). The concentrations of Ca** and Mg** given are for
the free ions. There is a total of about 20 mM Mg** and 1-2 mM Ca’* in cells, but this is mostly bound to proteins and other substances

and, for Ca’, stored within various organelles.
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4. Cell Organelles

TABLE 15-2 THE RELATIVE VOLUMES OCCUPIED BY THE MAJOR

MEMBRANE-ENCLOSED ORGANELLES IN A LIVER CELL (HEPATOCYTE)

INTRACELLULAR PERCENTAGE OF APPROXIMATE NUMBER
COMPARTMENT TOTALCELLVOLUME  PERCELL

Cytosol 54 1

Mitochondria 22 1700

Endoplasmic reticulum 12 1

Nucleus 6 1

Golgi apparatus 3 1

Peroxisomes 1 400

Lysosomes 1 300

Endosomes 1 200

membrane

Golgi apparatus
modifies lipids and proteins
from the ER; sorts and packages

O lysosome ————————{
\ WL contains digestive enzymes ( them in vesicles

that break down cell parts or
substances entering by vesicles ok
transport vesicle
transport vesicle . takes proteins to
takes lipids to / @ Golgi apparatus
Golgi apparatus @
tpid—GB). ; -
{ - S —— I -

various other functions

o e i rough endoplasmic
smooth endoplasmic —_— ; . reticulum
reticulum N (55 S synthesizes proteins and
synthesizes lipids and has d/ Y /e Y ) packages them in vesicles
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CYTOSOL

| MITOCHONDRIA PLASTIDS |
| ENDOPLASMIC RETICULUM |
[ GOLGI

SECRETORY
VESICLES

| LATE ENDOSOME |

KEY: B = gated transport
B = transmembrane transport
1 =vesicular transport

| EARLY ENDOSOME

| CELL EXTERIOR |
o CYTOSKELETON: supports organelles e Smooth endoplasmic — 46 NUCLEUS: command center of cell
o § | N 3 - -
NN VA SR W B oo wnon reticulum: system of Nucleolus: site where ribosomes are produced

. ternal membranes that
Microtubule: tube of protein molecules = NP
present in cytoplasm, centrioles, cilia, and flagella &ids In ha manutaclure. of Nuclear envelope: double membrane between the

carbohydrates and lipids nucleus and the cytoplasm

Nuclear pore: opening embedded with proteins that
regulates passage into and out of the nucleus

Intermediate filament: inertwined ——
protein fibers that provide support and strength G

Actin filament: twisted protein fibers
that are responsible for cell movement

Rough endoplasmic
reticulum: internal
membranes studded with
ribosomes that carry out
protein synthesis

Ribosomes: small complexes of RNA and protein
that are the sites of protein synthesis

74 Peroxisome:

vesicle that contains enzymes
that carry out particular reactions,
such as detoxifying potentially
harmful molecules

@ Centriole: complex bly of
microtubuies that occurs in pairs

a Cytoplasm: semifiuid
matrix that contains the
nucleus and other organelles

9 Mitochondrion:
organelle in which
energy is extracted
from food during
oxidative metabolism

Secretory vesicle:
vesicle fusing with the
plasma membrane,
releasing materials 1o
be secreted from the cell

1) Plasma membrane:
lipid bilayer in which
proteins are embedded

7§ Lysosome: — Lipid bilayer
vesicle that breaks { :
down macromolecules T Membrane protein

and digests worn out

() Golgi complex:
cell components

collects, packages,
and distributes molecules
manufactured in the cell
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5. Bioenergetics

food the many molecules
molecules that form the cell
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m
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Potential energy of molecules —

SUGARS AND
OTHER ORGANIC
MOLECULES

Progress of reaction—»
Energy required

Glucose Fructose Water Sucrose

)

Chemical work Mechanical work Transport work

Maving a Pumping solutes
muscle protein  across a membrane

.
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6. Enzymes

Free energy ——»

Progress of the reaction ——»

TABLE 4-1 SOME COMMON FUNCTIONAL CLASSES OF ENZYMES

ENZYME CLASS BIOCHEMICAL FUNCTION

Hydrolase General term for enzymes that catalyze a hydrolytic cleavage reaction.

Nuclease Breaks down nucleic acids by hydrolyzing bonds between nucleotides.

Protease Breaks down proteins by hydrolyzing peptide bonds between amino acids.

Synthase General name used for enzymes that synthesize molecules in anabolic reactions by
condensing two molecules together.

Isomerase Catalyzes the rearrangement of bonds within a single molecule.

Polymerase Catalyzes polymerization reactions such as the synthesis of DNA and RNA.

Kinase Catalyzes the addition of phosphate groups to molecules. Protein kinases are an
important group of kinases that attach phosphate groups to proteins.

Phosphatase Catalyzes the hydrolytic removal of a phosphate group from a molecule.

Oxido-reductase General name for enzymes that catalyze reactions in which one molecule is

oxidized while the other is reduced. Enzymes of this type are often called oxidases,
reductases, or dehydrogenases.

ATPase Hydrolyzes ATP. Many proteins with a wide range of roles have an energy-
harnessing ATPase activity as part of their function, including motor proteins such
as myosin and membrane transport proteins such as the sodium-potassium pump.

Products ‘
N

Enzyme changes shape
Substrate slightly as substrate binds

{ )tive site
=

N/

= =

Substrate entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme
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(A) enzyme binds to two (B) binding of substrate (C) enzyme strains the

substrate molecules and to enzyme rearranges bound substrate
orients them precisely to electrons in the substrate, molecule, forcing it
encourage a reaction to creating partial negative toward a transition
occur between them and positive charges state to favor a reaction

that favor a reaction

lel

Y2Vmax

rate of reaction —

Km substrate concentration —=
AR — —mN
L ® i‘y;\hé L“_._:—i‘y;\\oo
VTS NI =
Y1 b eTe
X Y X Y
(A) UNCATALYZED REACTION (B) ENZYME-CATALYZED REACTION
AT EQUILIBRIUM AT EQUILIBRIUM

Reaction rate and direction (extent) are
different

« Enzymes, biological catalysts, enhance
reaction rates but have no effect on reaction

Start of
pathway s Intermediate = Intermediate s Product

ﬁ‘ me 1 ‘Eé ‘y ¥y ﬁa ﬁ 3

\ Feedback inhibition:

_______________________________________________________________

Presence of product inhibits enzyme 1

poe

©2011 Pearson Education, Inc.
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(B) Competitive

Substrate\ inhibitor\

(R)

Uncompetitive

[~ inhibitor (D) Substrate
s Noncompetitive \

inhibitor '
LS

(C) Substrate

Figure 8.14
Biochemistry, Seventh Edition
©2012 W. H. Freeman and Company

CYTOPLASM

Cellular response
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7. Cellular Respiration

Light
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ATP
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total energy change for step 6 followed by step 7 is a favorable -3 kcal/mole (-12.5 kJ/mole)
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The Electron-Transport Chain Pumps Protons
Across the Inner Mitochondrial Membrane

INTERMEMBRANE

SPACE

inner

HO H# H+
cytochrome ¢

mitochondrial [
membrane
2
MATRIX
m H* ubiquinone
|NAD* 2 H' +v: |03
1 | NADH cytochrome
10nm dehydrogenase :_y:‘ og‘:p'::‘ oxidase
complex complex

(b) Alcohol fermentation occurs in yeast.

2 ADP 2 ATP o

C=

GlUCOSE ™ = = = B = = (|=_
I_

CHs

2 NAD* 2 NADH 2 Pyruvate

H—C—OH == c=o0

| |
EHs CHs 2 CO,

2 Ethanol 2 Acetylaldehyde

©2011 Pearson Education, Inc.

(a) Lactic acid fermentation occurs in humans.

2 ADP 2ATP ?_
Cc=0

GlUCOSE = = e |
[0

CH,

2 NAD* 2 NADH 2 Pyruvate

o
(o)
¢

|
C|=

H —(I:—OH No intermediate;
CHg3

pyruvate accepts

electrons from NADH
2 Lactate

©201 Pearson Educaton, Inc
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8. Photosynthesis
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Key thing to note is that the evolved O,
does NOT come from carbon dioxide!!

water-splitting

THYLAKOID SPACE

plastocyanin

= ———

\ FNR movement of

: protons down

H* their electrochemical
e proton gradient

m generates ATP

antenna plastoquinone
complex
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PHASE 1: CARBON FIXATION

CALVIN
CycLE

PHASE 3:
REGENERATION OF
CO, ACCEPTOR
(RUBP)

PHASE 2:
REeDuUCTION

10990
G3P Glucose and
(a sugar) other organic

compounds
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9. DNA Replication and Protein Synthesis

o
PHOSPHATE
SUGAR

0=—P——0—CH, N
H O\J:
0
|\(':_":/ rl1 g )
| >
0 i | URACIL
c c
v|>-—o——cw2 W NS0
PN
PHOSPHODIESTER LINKAGE o- /H }c
NE L]
l H
ADENINE
e M
¢” “c—c¢
.
N——C\ /c/
PYROPHOSPHATE ~ | -
\
L R
C H
h 3’ END
. Guanine Cytosine 3
Antiparallel H vt
strands . !
o
c
3
X e
o
3
) N— -
VAR
2 . Hydrogen .
= Adenine . bonds  Thymine
o
4 H
®
o
-
)

DNA contains thymine,
whereas RNA contains
uracil

29



&, Conservative model B. Semiconservative . Dispersive model:
riode]
CONDITION RESULT INTERPRETATION

0

centrifugal force

.,
&

ooyt light DNA
(A) bacteria grown in
light medium molecules
—
|
—
centrifugal force
(8) brl-:itodoigﬁrown in heavy DNA
heavy medium molecules
TRANSFERTO
LIGHT MEDIUM

§ -

& X\ centrifugal force

(C) bacteria grown an DNA molecules of intermediate weight
additional 20 min in
light medium

')
strand | éﬁ."!‘
)

) '\\"« !
strand 4 m % Topoisomarase

DA Polyrmerase [Pold)
Helicase

Singhe strand,
Binding proteing



< Qverall direction of replication = Leading gging
stran\d Origin ow
i ?\__/ST
gging ading
OVERVIEW
__DNA pol Il strand strand
o
Leading
strand
DNA ligase
DNA pol |

Primase

Parental DNA DNA pol lll Lagging

Primer

Single-strand binding €) The leading strand is

proteins stabilize the synthesized continuously

unwound parental DNA. in the 5' — 3’ direction by
DNA polymerase.

Helicases unwind the
parental double helix.

o The lagging strand is
synthesized discontinuously.
Primase synthesizes a short
RNA primer, which is
extended by DNA polymerase
to form an Okazaki fragment.

3
Parental DNA Polymerase

© Aiter the RNA primer is
replaced by DNA (by another
DNA polymerase, not shown),
DNA ligase joins the Okazaki
fragment to the growing DNA llgase
strand.

‘ Overall direction of replication

The Roles of Different Kinds of RNA

RNA Type Size Function

Transfer RNA Small Transports amino acids to site of protein
synthesis

Ribosomal RNA Several kinds—  Combines with proteins to form ribosomes,

variable in size  the site of protein synthesis

Messenger RNA Variable Directs amino acid sequence of proteins

Small nuclear RNA  Small Processes initial mRNA to its mature form in
eukaryotes

Small interfering RNA ~ Small Affects gene expression; used by scientists to

knock out a gene being studied

Micro RNA Small Affects gene expression; important in
growth and development
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Typical gene organization

Promoter Reglon Protein coding region
Dl'i" ) TATA
ﬁ ?\ '," ‘-. e . ‘ b I _..1..-\ r -, l. J'_"-"\.L f-\. S, ; .n , T, e Y ._1 " ’r' L
i S B G B O 9 W O W W W O IS
A A A A A A hoE \ A A A A N A
bt g i*»;./ W oW oW o WAV LW
raguiatary ';‘ ™ RMApolymerase B> stoik meeigton :hl;ﬂlillim
’\/\W
Pre-mRNA
5§ Exon Intron Exon Intron Exon 3
5 Cap = 1]
1 30 3 104 105 146
Introns excised and
exons spliced together
mRNA | Poly(A) tail
1 146
(A) EUCARYOTES (B) PROCARYOTES
DNA
cytoplasm ]
e ‘ TRANSCRIPTION
introns exons MRNA S———
DNA
_.‘/‘,B%- 7/;*_ ‘ mm"
[ U . S BE— .
protein L
TRANSCRIPTION
— a - = - -
RNA transcript 5’ CAPPING
RNA SPLICING
RNA cap 3" POLYADENYLATION
\
mRNA —MM
EXPORT
h
MRNA s AAAA
TRANSLATION

protein s

Template

RNA polymerase
-

" RNA-DNA hybrid helix
Transcription

One of the strands of DNA functions as a template on which nucleotide building biocks are assembled into
mRINA by RNA polymerase as it moves down the DNA strand.
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Complete
il

mRNA
mRNA binding site Initiation, or binding site Psite A site
first, codon

(a) Initiation

Peptide

First codon Third codon
(b) Elongation

Polypeptide

D Polypeptide

Release
factor

g

) ward e

Termination,
or stop, codon

(c) Termination
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Completed
Growing polypeptide
polypeptides

Incoming
ribosomal
subunits

(S
Start of
mRNA End of Q
(5' end) mRNA
(3" end)

(a) An mRNA molecule is generally translated simultaneously
by several ribosomes in clusters called polyribosomes.

Polyribosome

. Aminoacyl-tRHA
synthetase

CYTOPLASM tRHA

Growing /
polypeptide
Al g‘ ¥
g . &
Activated o\ﬁ"’

£ amino acid
Ribosomal

subunits -

0(.7
RS 0’&

‘Anticodon

/ Codon

Ribosome
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10. Cell Division

Gopyright @ Pearson Education, Inc.. publishing as Benjamin Cummings

S
(DNA synthesis)

Prophase

Prometaphase

Metaphase

Anaphase

Telophase

Cytokinesis

¢ Chromosomes
condense and
become visible

 Spindle fibers
emerge from the
centrosomes

* Nuclear envelope
breaks down

¢ Centrosomes
move toward
opposite poles

¢ Chromosomes
continue to
condense

¢ Kinetochores
appear at the
centromeres

» Mitotic spindle
microtubules
attach to
kinetochores

¢ Chromosomes
are lined up at
the metaphase
plate

¢ Each sister
chromatid is
attached to a
spindle fiber
originating from
opposite poles

¢ Centromeres
split in two

* Sister
chromatids
(now called
chromosomes)
are pulled toward
opposite poles

* Certain spindle
fibers begin to
elongate the cell

e Chromosomes
arrive at opposite
poles and begin
to decondense

* Nuclear envelope
material
surrounds
each set of
chromosomes

* The mitotic
spindle breaks
down

¢ Spindle fibers
continue to push
poles apart

* Animal cells: a
cleavage furrow
separates the
daughter cells

* Plant cells: a cell
plate, the
precursor to a
new cell wall,
separates the
daughter cells

|
MITOSIS
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Resting state

‘ Spindle Assembly Checkpoint

Check for:
-Chromosome attachment
to spindle

G2 Checkpoint

Check for: \
-Cell size

-DNA replication

G1 Checkpoint
Check for:
-Cell size
-Nutrients
-Growth factors
-DNA damage

Resting state
(GO)




replicated
chromosome
(sister chromatids)
spindle pole kinetochore

aster kinetochore
microtubules microtubules

Animal cell

Cleavage
furrow

Contractile
ring

Plant cell

PROGRESSION

THROUGH

M PHASE
microtubules of the actin and myosin filaments of the
mitotic spindle contractile ring
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