Chapter 6

A Tour of the Cell

Contents, figures, and tables of slides are based on and/or adapted from Campbell Biology, 12th ed., unless otherwise specified.



CONCEPT 6.1

Studying Cells: Microscopy

Magnification: image size vs. 1om
real size; resolution: minimum
distance two points are

Light Microscopy (LM)

Brightfield. Light passes directly
through the spedmen. Unstained
(left), the image has Fttle contrast.
Staining with dyes {right) enhances
conftrast, Most stains reguire cells fo
bbe presarved, which kills them.
Phase-contrast. Variations in
density within the specimen are
amplified to enhance contrast in
unstained cells; this is espedally
wesfid for eamining lving,
unstained cells.

Differential interference

Confocal. This image shows two types
of fluorescence micragraphs: confocal
(top) and standard (bottom). (Nerve cells
are green, support cells orange, areas of
overlap yellow.) In confocal microscopy,
a lager is used to create a single plane of
fluorescence; out-of-focus Bght from
other planes is eliminated. By capturing
sharp images at many different planes, a 3-D reconstruction can
bbe created. & standard flucrescence micrograph is blurry because
out-of-focus light i not excluded.
Deconvolution. The top of this image
of awhite blood cell was reconstrucied
from many blurry flucrescence

images at different planes, each

distinguishable; contrast: otm conwrst omarsk) s Eofe. T procis Gpkdly s
. . ﬁwmm“ i mm“;;!_ out-of-focus light ard;;ﬁlg'\s gg its
differences in parts of the e = et o g e g much sheper 30, e
1omg mage appeas dlmest 3-0. standard fluarescent micrographs =
sample : hvough the same cel.
° i i isi 1. mm Eyap Fi Locations of specific molecules i ke thi super:
Light microscope (LM): visible oo oA R Tt e

flucrescent dyes or antibodies, which absorb
utraviolet radiation and emit visible fight. In this
fluorescently labeled utedne cell, DMA is blue,
organelles called mitochondria are orange, and

excited by UV light and their position
recorded. (DNA, is blue, mitochondria
red, and part of the cytoskeleton green.)

light and glass lenses; Human egg

resolution ~0.2 um; live cells; F | Most pant and o el e (e e mg;m::;ms:gg ;
. 15 green. the resolution Emit, resulting in the:
stains, fluorescence, confocal, BT ioge o top The sz of ach dot s well NN 2
it [below the 200-nm resalution of a standard light micrascope, as

seen in the confocal image (bottom) of the same cell,

deconvolution, super-

+ Mitochondrion

Electron Microscopy (EM)

reSOIUhon Scanning electron microscopy Cryo-electron microscopy (cryo-EM).
(SEM). Micrographs taken with a Specimens of tisue or agueous
100 ni scanning electron microscope solutions of proteins are frozen rapidly

° Electron microscopes (EM): i bopts oo T pteecedibalefbe

. . [ % L of a specimen. This SEM shows locking the mobecules into a rigid state.
. — mes the surface of a cell from a trachea # beam of elecirons is passed through
resolution ~2 nm; SEM images ,,...[ i safege of g o feria il ol i
. . . E  Proteins projections called dlia. Blectran by electron microscopy, and software is
surface; TEM images internal e micrographs are black and used o merge a seris af such micro-
; I lp white but are often artificially graphs, creating a 3-D image like the
B - 5 colorized 1t particula below.
ultrastructure; sample fixed ™" EY Small moecies @@ ophon G o ol "
d d E @ :}I:Iheeheienmn micrographs
( ea ) G e owvn here. SEM '_'ZLLITI
1 centimeter {cm) = 1072 meter (m) = 0.4 inch Tlansnlsslmelen:lun microscopy (TEM). & transmission electron
L] _ . _ e profies a thin section of a specimen. This TEM shows a saction
Cryo-EM: flash-frozen samples, 1 miimeter o< 100, = vough . Ul g 6 il Srocre. e
. i p _]0 3 —_l 0 m spacimen, some cilia wene cut along their lengths, creating longitudinal
no stain nanometer (nm) jm sections, while other cilia were cut straight across, creating cross sections. TEM
Abbreviations legends Computa rated of th
LM = Light Microg wﬂw n ekt VISUAL SI(ILLS hﬁm the tissue was siced, what was tgcn;:m ;ﬁ:a M;;ga;'dufmim
SEM = Scanning Eer:mn the ilain the povtion of the breaks down lactose, This image was
2I15 TEM = Transmission Ekectron Micrograph TEM? The upperpmw’&;u‘an how the aientafionof  compiled from mare than 90,000

the dlia determined the type of sections we see. oryo-EM images.



CONCEPT 6.1
el

Cell Fractionation and Cell Size —% — |

3

Homagenization /
° Cell fractionation: homogenize cells, then differential centrifugation separates V- [
organelles by size and density Homogenate
Centrifuged at 5
o . ; ica. ; ; 1,000 g
Pellet vs. supernatant; speeds increase stepwise; used to link function to organelle (rkrcugﬂo:*";m R
y Small cells: high surface area-to-volume ratio, efficient exchange with surroundings fortamin o atant
poured into next
° Volume grows faster than surface area as a cell enlarges .|y tube
L Differential
*  Specialized shapes (microvilli, flattening) raise surface area -2 ol Tgaton
Surface area increases while Nt
total volurme remains constant ¢ sl 3
g 80,000 g
Pellet rich in sl
nuclei and
cellular debris
pa. 150,000 g
\ 3hr
Pellet rich in
Total surface area : 1
[(height x width of 1 side} & 150 750 P donam
& sdes % number of cells) units? units? units? plasts if cells
are from a plant)
mﬂ“m % length 1 125 125 mcrosommes”
of 1'call) = number of cells) unit® units? units® (pieces of plasma | .4
membranes and i
Surface area-to- cells’ internal
volume ratio 6 1.2 6 mambranes) Pellet rich in

3/15 Iorface:area + volume] o rioosomes



CONCEPT 6.2

Prokaryotic vs. Eukaryotic Cells

* Basic features of all cells: plasma membrane, cytosol, chromosomes, ribosomes

° Prokaryotic: DNA in nucleoid, no membrane-bound nucleus or organelles; cell wall, capsule, pili, flagella
° Eukaryotic: DNA in nucleus; membrane-bound organelles; generally larger

° Plasma membrane: selective barrier, phospholipid bilayer with proteins

.

Internal membranes compartmentalize metabolism

Fimbriae: attachment structures on
I the surface of some prokaryotes
HTF (not visible on TEM)

Nudeoid: region where the
cell’s DMA is located (not
enclosed by a membrane)

Ribosomes: complexes that
synithesize proteins

Plasma membrane: membrane
enclosing the cytoplasm

Bacterial

Cell wall: rigid structure outside
chromasome

the plasma membrane
Glycocalyx: outer coating

of many prokaryotes,
consisting of a capsule 0.5

or aslime layer {b) A thin section through the

(a) A typical L 3 Corynebacterium
rogﬂuped bacterium - Flagella: lscomotion diphtherise (calorized TEM)
'f’- | organelles of
i - some prokaryotes

4’15 ) ‘ cHaPTER & A Tour of the Cell a7



CONCEPT 6.2

Animal Cell Overview

Nuclear envelope: double

ENDOPLASMIC RETICULUM (ER): network membrane enclosing the
ottt L i o i feicnpiho bl 8
*  Organelles: nucleus, nucleolus, rough and smooth ER, Golgi, lyso  feemzes|  pmesias o ins . T —
. . . some animal cells, r . I'LI_ ure invol npi on
mitochondria, peroxisomes composed of a lsterof RoughER  smooth ER /4 ofibosomes;a ucleus has - NUCLEUS
. . . . ex=nsion o] bl et y . Chromatin: material consisting
Cytoskeleton, centrosome with centrioles, ribosomes, plasma GEDMA s ot e o
ant condensed chromosomes
membrane gl 5%
. ) , ity
Extracellular matrix outside the plasma membrane pair of centrioles Plasma membrane:
enclosing the cell
[ ]

Flagella in some cells (sperm); cilia in many e
obisiossud s OB,
components are made of
protein. Includes:

[ Microfilaments |}

Intermediate
Plaments ~ Ribosomes (small brown
Microtubules . dots): complexes that
make proteins; free in
o s X | eytosel or bound to
Microvilli: 8 e 1 W \ rough ER or nuclear
membrane | 2 = il envelope
projections that -
increase the cell’s
surface area F | 4 Golgi apparatus: organelle active
: 4 in synthesis, madification, sorting,
4 T g i . and secretion of cell products
Peroxisome: organelle with St
wvarious specialized metabolic
functions; produces hydrogen
peroxide as a by-product and
‘then converts it to water

Lysosome: digestive
organelle where
macromolecules are
hydrolyzed

Mitochondrion: organelle where
cellular respiration occurs and
mast ATP is generated
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CONCEPT 6.2

Plant Cell Overview

° Shares most organelles with animal cells

° Unique: chloroplasts, large central vacuole, cell wall,
plasmodesmata

[ ]

No lysosomes (typically), no centrioles, no flagella in
most species

6/15

Nuclear envelope Rough
doplasmic
MNUCLEUS Nuclealus ::ﬁ:;l:u:m
Chromatin
Smoath
endoplasmic
reticulum

Ribosomes (small brown dots)

Central vacuole: prominent organelle

in older plant cells; functions include storage,
breakdown of waste products, and hydrolysis
of macromolecules; enlargement of the
vacuole is a major mechanism of plant growth

Golgi apparatus s

Mitochondrion

Peroxisome

Chloroplast: photosynthetic
organelle; converts energy of
sunlight to chemical energy
stored in sugar molecules

Plasma membrane

Cell wall: outer layer that maintains
cell's shape and protects cell from
mechanical damage; made of cellulose,
other polysaccharides, and protein Plasmodesmata: cytoplasmic
channels through cell walls
that connect the optoplasms
of adjacent cells

Wall of adjacent cell



CONCEPT 6.3

Nucleus and Ribosomes

Mudear envelope:
Quter membrane

Inner membrane

Nucleus: nuclear envelope (double membrane) with pores; pore
complex regulates transport

Musclear envelope:
Outer membrane .
Inner membrane.

Nudlear pores

° Nuclear lamina: protein network supporting envelope acnghet
Chromosomes: DNA + proteins = chromatin; condensed during division '

Nucleolus: rRNA synthesis, ribosomal subunit assembly

to the inner membrane,
reveahng both.

° Ribosomes: rRNA and protein; free (cytosolic proteins) vs. bound G W aommmn O
(secreted, membrane, lysosomal proteins) e

nondividing call. In preparation for

cell division, the chromatin will

AN . s Yot became mere condensed,

A Pore complexes (TEM). Each pore is
ringed by protein particles.

P Nuclear lamina (TEM). The netlike lamina
lines the inner surface of the nudear envelope.
{The light creular spots are nuclear pores )

Free ribosomes in cytosol
Endoplasmic reticulum (ER)

Ribosomes bound to ER

Large
subunit

Srnall
subunit

TEM showing ER and ribosomes Diagram of a ribosome Computer model of a ribosome

7115



CONCEPT 6.4

Endoplasmic Reticulum and Golgi

ER: over half of membrane in many cells; lumen and cisternae;
continuous with nuclear envelope

Smooth ER

° Smooth ER: lipid synthesis, carbohydrate metabolism, detoxification,
Ca** storage

° Rough ER: bound ribosomes; glycoproteins made; transport vesicles
bud off
y Golgi: cis face receives, trans face ships; modifies, sorts, makes
polysaccharides :
° Transport uesicle_.

Cisternal maturation model

- Ribosomes Rough ER 0‘,_|2 wm
face

(“receiving” side of : 2
Golgi apparatus)

Smooth ER

o\a‘esir.les move

from ER to Golgi. @@ vesicles coalesce to
form new cis Golgi cisternae.

maturation:

= ) Golgi cisternae
move in a cis-
to-trans
direction.

G\a’esicles also
transport certain
proteins back to ER,
their site of function.

@) Vesicles form an
leave Golgi, carrying
specific products to
other locations or to
the plasma mem-
brane for secretion.

1@ vesicles transport some proteins trans face
backward to less mature Golgi {"shipping" side of
cisternae, where they function. Golgi apparatus) TEM of Golgi apparatus

8/15




CONCEPT 6.4

Lysosomes, Vacuoles, and the Endomembrane System

(a) Phagecytosis (b) Autophagy
el e i Ve
Lysosome: hydrolytic enzymes, acidic pH ~5 o
ke

° Phagocytosis, autophagy; lysosomal storage diseases (e.g., Tay- o o § =
Sachs) N

y Food, contractile, and central vacuoles; tonoplast s el e e prces o o o o 0

Digestion

© Lysosome fuses with @ Hydrolytic enzymes
vesicle containing digest organelle
damaged organelles. components.

° Endomembrane system: nuclear envelope, ER, Golgi, lysosomes,
vacuoles, plasma membrane, linked directly or by vesicles

e
Uyetime RLNE o
In this colorized TEM of a macrophage i type of ‘The vesicle with damaged organelies fuses with a lysosome. The
Iysosomes are purple. They contain enzymes that digest foreign organelles are then digested and their components recycied.
particles such as bacteria and pollen.

9/15



CONCEPT 6.5

Mitochondria, Chloroplasts, and Peroxisomes

10/15

Endosymbiont theory: ancestors were engulfed prokaryotes; own DNA,
ribosomes, double membrane

Mitochondria: outer and inner membranes, cristae, intermembrane
space, matrix; cellular respiration

Chloroplasts: thylakoids, grana, stroma; photosynthesis; plastids

Peroxisomes: oxidative reactions, H,O, made and broken down

Endoplasmmi
reticulum

Muclear
envelope

Engulfing of oxygen-

using nenphotosynthetic
prokaryote, which, over

” many generations of cells,
4 becomes a mitochondrion
Ancestor of
eukaryotic cells (host cell)
Mitochondrion

Chloroplast

At least
one cel Nonphotosynthetic
eukaryote

Photosynthetic eukaryote

Engulfing of
photosynthetic
prokaryote

Mitochondrion

A

Se;aitingl l Fusing

(b) Dynamic nature of
i rial

imic
itrchandrial nahunde

Nuclear DNA

{¢) Natwork of mitochondria in Euglena (LM}




CONCEPT 6.6

The Cytoskeleton

° Network of fibers: support, motility, regulation

* Microtubules (25 nm, tubulin dimers): shape, organelle and
chromosome movement, cilia/flagella

° Microfilaments (7 nm, actin): shape, muscle contraction,
cell motility, cytoplasmic streaming

° Intermediate filaments (8-12 nm, keratins etc.): tension,
anchor nucleus

g Centrosome and centrioles B g

)

04

Centrosome

Microtubule

025 um
—_

[ =y

!
Longitudinal section  Microtubules  Cross section
of one centriole of the other centriole

11/15

Table 6.1 The Structure and Function of the Gytoskeleton

Proparty (Tubulin Poly 1]

Structure | Hollow tubes

Diameter 25 nmwith 15-nm lumen

Protein subunits | Tubul in, a dimer consisting of an
e-tubulin and a p-tubulin

Main functions | Maintenanee of cell shape; call
motility; chromosome movements in
el division; organelle movements

Fluorescence

micrographs of

fibroblasts.

Connective tissue cells
called fibroblasts are a
favorite cell type for cell
biclogy studies because
they spread out flatand
their internal structures
are easy to see. Ineach
fibroblast shown here,
the structure of interest
has been tagged with
fluorescent molecules.
In the third micragraph,
the DNA in the nucdeus
has also been tagged
(orange).

1 B “Tubulin dimer

: Two intertwined strands of actin
T nm

| Actin

Micrefilaments (Actin Fil

e Fil
F

I "Mﬁi.r.'n.énanoe éf-.oell.;r.lape: d.'ianga 1

in cell shape; musde contraction;
agytoplasmic streaming (plant cells);

| callmotility; cell division (animal cells) |

P G . ST
" Microfilament

Actin subunit

ORI

.Eik;rcus pmﬁinsc;iléé.il:lto Gt;les il
: 8-12nm

| One of several different proteins

(induding keratins)
Maintenance of cell shape;
anchorage of nudeus and certain

other organelles; formation of
nuclear lamina

Keratin proteins

Fibrous subunit (keratins
coiled tagether)

/RS-




CONCEPT 6.6

Motor Proteins, Cilia, and Flagella

° Motor proteins (kinesin, dynein) move vesicles along
microtubules

° Cilia and flagella: 9 + 2 arrangement, basal body

° Dynein arms cause bending

y Actin and myosin drive muscle contraction and (ATP ,;ummn"" ﬁ'mﬂfm
pseudopodia {a) A motar protein that attaches to a receptor on a vesicle can

"walk" the vesicle along a microtubule or microfilament.

¥ Figure 6.24 Swucture of a flagellum or motile cilium.

IMicrofubule Wesicles 025 pm

{a) A longitudinal section
of a matile diium &«

shows micratubules
running the length {b) A cross section through a motike ciium shows
of the membrane- the "9+ 2" arrangement of microtubules

sheathed structure
TEM).

(TEM). The outer microtubule doublets are held
together with the two central microtubules by
flexible cross-finking proteins (blue in art],
including the radisl spokes. The doublets slso
have attached motor proteins called dyneins
tred in art).

(<) Basal body: The nine outer doublets of a dlium
or flagellum extend into the basal body, whene
each doublet joins angther microtubule to form a
ring of nine tiplets. Fach triplet is connected
to the next by nontubulin proteins (thinner blue
lines in di Thissa “§+0"

The two central micratubules are not present
because they terminate above the basal
body (TEM).

{b) T vesicles containing newrotrarsmitters move along a microtubule
towand the tip of a nerve call extension called an axan (SEM).

12/15



CONCEPT 6.7

Cell Wall and Extracellular Matrix

13/15

Plant cell wall: cellulose fibers, primary and secondary walls, middle

lamella

ECM of animals: collagen, proteoglycans, fibronectin

Integrins link ECM to cytoskeleton; signaling

Collagen fibers
are embedded
in a web of
proteaghycan
complexes.

Fibronectin is one

ECM protein that | &%

attaches the ECM
to integrins
embedded in
the plasma
membrane.

Plasma
membrane.

ELLULAR FLLID

| | & proteoglycan

@ |proteins attached to

complex consists
of hundreds of
proteaglycan
maolecules attached
noncovalently to a
single long polysac-
charide molecule.

Integrins, membrane
proteins with two
subunits, bind to the
ECM on the outside
and to associated

microfilaments on the
inside. This linkage roteog

can transmit signals B fycan complex
between the cell's

external environment

and its interior and

can result in changes

in cell behavior.

Secondary

cell wall
Primary
cell wall

Widdle
lamella

Secondary
cell walls

Primary
cell walls



CONCEPT 6.7

Cell Junctions

Plasmodesmata: channels in plant cell walls
Tight junctions: seal cells, prevent leakage
Desmosomes: anchor cells like rivets

Gap junctions: cytoplasmic channels between animal cells

Cell walls

0.5 prm Plasmodesmata  Plasma membranes

14/15

Flasma membranes Space
of adjacent cells between cells

© Mastering Biology Animation: Cell Junctions

Tight Junctions

At tight junctions, the plasma
membranes of nelghboring cells are
very tightly pressed against each
other, bound together by specific
proteins. Forming continuous seals
around the cells, tight junctions
establish abarrier that prevents
leakage of extracellular fluid acrossa
layer of epithelial cells (see red

Desmosomes

Desmosomes (one type of anchor-
ing function) function like rivets,
fastening cells together into strong

chor desmosomes in the cytoplasm.
Desmosomes attach muscle cells

to each other in a muscle. Some
“muscle tears” involve the rupture
of desmosomes,

Gap Junctions

p  Gapjunctions (also called com-
municating,

functions) provide
cytoplasmic channels from one
cell to an adjacent cell and in this
way are similarin their function to
the plasmodesmata in plants. Gap
junctions consist of membrane pro-

; teinsextending from the mem-
%% branesofthe twocells, These
M.  proteins create pores through

i which jons, sugars, amino acids,

and other small molecules may
pass. Gap junctons are necessary’
for communication between cells in
many types of tissues, such as heart
muscle, and in animal embryos.



CONCEPT 6.8

The Cell as an Integrated Whole

° Cell is more than the sum of its parts

° Example: macrophage phagocytosis engages cytoskeleton, ribosomes, ER, Golgi, lysosomes

° Review: Key concepts and self-check questions

15/15

Aslice of a plant cell's interior is illustrated in the center panel, with

[ This figure introduces st of characters
that you wil learn more about as

study biology. Refer back t this

you encaurder thesz molecules in your shdies

and molecules drawn to scale. Selected molecules and structures are shown above

and below, all enlarged by the same factor so you can compare their sizes. All

protein and nucleic acid structures are based on data from the Protein Data Bank;
has not yet b are shown in gray.

(a) Membrane proteins (Chapter 7)
Proteins embsdded in celllar membranes hly
traraport subrances and conduct signals acrasz
membranes They also participate in cther
erucial celldr hnctiona Many proteing are
able o move within the rmembrane

(b) Cellular respiration (Chapter 9) Cdlular resgimtion, = [G] (Chapter 10) sugors
m-shep process, generates ATP from foad moleales. The st bo stages are that provide f2d for all life an the planet. The process begina with Brge.
carmied out by e es w3 and mitochondal matrpx a few of these lexes of cins and chlor Il (green) embedded in the thylakojd
mikip trc i et i s by ok sl ot opor sk g o
lbh&\«purp‘e)h!ﬁmla'éﬂn in the inner mtochondnial membrar rubizzc and cther proteinz in the stroma ta make nagar

) Transaription (Chapter 17) ntre [——

each ather crganelles within the cel

(f) Translation (Chapter 17) In the cytoplasm, the
quence is information in mRMNA is used to asemble 2 Z::xm with 2
specifc sequence of amino acis. Both 7
molecules and rbosomes play 2 role g g aukaryotic Hbmm which

e fomtion cnained o
o messenger RIUA (mRNA)| byan cagme
n\deNApub‘mlmﬂ r tha sythess, mRM A

mlecules leave the nucleus via nudear pares. includes  large subunt and a small subuni, is a T <amplex

composed of Fur large ribasomal RNA (RNA) molecules and
more than 80 proteins. Through tvansm!hun and transkation, the

o nu[lzmd: seauence o DNA n  gene deermiesthe smoo scd
SRR ot ct of a polypepie na e intermedary
N (e) Nuclear pore £ =
i | | (Concept 6.3) The
e | ks e comples it
A milcitr e T

= the mucleus, which is bounded
by 2 double me. o e

Ameng the largest structures
- S o Sl bt

e built in the rucleus.

A B 8 )
Frd
] S W
—
S m
. Scale of enlarged structures
. 1. Ust the following structures from largest to
‘smallest: proton pump, nuclear pore, eyt ¢.
Tubulin 2. Considering the structures of a nucleesome
. b and of RNA polymerase, speculate about
subunit what must happen NA polymerase
G+ can the DN that is wrapped
dimer) vl Tkt e Tl le b e
i = 3. Find another myasin tein waiking
19) Cytoskeleton (Concept 66) Frreie " R i T YR s, AP
cakaletal snucture are pobmars of proten subunits, Motor proteins
M?umm., prrorlale s il s (Concept 6.6) Moter proteins Sipeocie sy moes Oy Shet i
ki pratein subunts, whie mcroflrmerts are cables Sraipcbbeatind chiay o

© Instructors: Additional questions related
to this Visualizing Figure can be assigned in
oo S % Mastering Biology.

that have two chains of actin proteins wound arsund transgort of vesicles and movement of
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