Eukaryotic Cell
Structure



The Cell

O ESSENTIAL to the
study of biology

O Simplest form of life

O Every organism’s basic
unit of structure and
function

©® Named by Robert
Hooke in 1665 after
observing cork cells
(cell walls) under
microscope.
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The Cell Theory (Schleiden,
Schwann, & Virchow)

O All living things are composed of
cell(s).

O Cells are the structural & functional
units in living organisms.

O Cells come from other living cells.
(Virchow added after Pasteur

disproved the idea of spontaneous
generation/abiogenesis.)
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Microscopes

OThe discovery of cells corresponds
with the advancement of technology

Microscopes!

Simplest light microscope was
invented by Anton van Leeuwenhoek
In the 1600s (observed & drew

“animalcules”



Microscopes

02 rpajor types of microscopes

ight microscope

Visible light is passed through the specimen and
then through glass lenses

Electron microscope

Focuses a beam of electrons through the
specimen/ cannot be used to observe living cells.

Transmission EM:
« Used mainly to study the internal structure of cells
- 2D image
« Highest magnification (200,000 x)

Scanning EM:

« Used mainly for detailed study of the surface of a
specimen

« 3D image (100,000 x)



TEM & SEM




Prokaryotic vs. Eukaryotic
Cells

© Prokaryote

“before” “nucleus”/ NO
NUCLEUS/few organelles

Bacteria

DNA is concentrated in R
nucleoid (non membrane-
bound)

© Eukaryote

“true” “nucleus” / many
membranous organelles

Protists, plants, fungi,
animals

Nucleus with nuclear

membrane holds DNA
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Surface area increases while total
volume remains constant
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Compartmental Organization of
Cells

OCompartments (ORGANELLES)
provide different local environments
(pH, etc.)

Incompatible but equally important

processes can occur next to each
other in different “rooms”



Cellular
Organelles

O Nucleus:

“control center” of the cell

Surrounded by a nuclear
envelope

Contains DNA

Nucleolus: site of ribosome
synthesis
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| Cellular Organelles
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O Ribosomes

Site of protein assembly
Free and bound ribosomes

Large subunit

Small subunit

(b) Diagram of a ribosome

Free: float through cytoplasm (make proteins for use inside

that cell)

Boung: attached to Rough ER (make proteins to be

transported out of the cell)



Cellular Organelles

OEndoplasmic Reticulum:

Made up of membranous tubules and
cisternae (sacs)

Smooth ER: NO ribosomes attached
Synthesis and transport of lipids

Controls glucose <—->glycogen conversion in
liver & muscles

Detoxification of drugs and other poisons

Sarcoplasmic reticulum (muscle ER) stores
calcium needed in muscle contraction.

Rough ER: ribosomes attached
Syhthesis & transport of proteins



Endomembrane System

O Smooth and
ittt Rough ER

Ribosomes
Smooth ER Rough ER 200nm
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. Endomembrane Svstem
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O Lysosomes:

Used by cells to
digest
macromolecules

Sac of hydrolytic
enzymes

Apoptosis:

Programmed cell
death

Usually found only
In animal cells
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Endomembrane System

O Vacuoles:

Food vacuoles
(storage)

Contractile vacuoles
(pump extra water out
of cells in freshwater
protists)

Central vacuole
(plant cells)

Stores organic
compounds, inorganic

Central
vacuol

ions (K+, CI-), and =il
water Chloroplast Wi
Surrounded by o —_—
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Endomembrane System

OPeroxisomes:

Contain enzymes that transfer
hydrogen from various substances to
oxygen, producing H20; as a
byproduct

Various functions:

Break fatty acids down into smaller
molecules for cellular respiration

Detoxify alcohol in liver
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e Energy-related organelles

O Mitochondria

Site of cellular
respiration (Energy
from the breakdown of
organic molecules is
used to phosphorylate
ADP to produce ATP)

“powerhouse of the
cell”

More metabolic
activity = more
mitochondria

18 ' 100 nm
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e Energy-related organelles

® Mitochondrial
Structure:

Outer membrane
Inner membrane:

Cristae = large
surface area
makes more
efficient at
producing energy

Intermembrane
space

Mitochondrial -
matrix 19 100 nm
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o Energy-related organelles

O Chloroplasts:

Found in plants and
eukaryotic algae

Site of photosynthesis
Contain the green

pigment chlorophyll Srone
- lner and outer
. Membranes
%Granum
Tyaod
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e Energy-related organelles

© Chloroplast
Structure

Thylakoids

Chloroplast Grana = stacks of
g thylakoids

(Light Dependent
Phase)

Stroma

Fluid outside the
thylakoids

(Calvin Cycle)

-~ —Inner and outer
~ membranes

'1| "
e }—Granum



Cytoskeleton & Related
Organelles

O Cytoskeleton
Maintains shape of cell

Responsible for
movement of cell and
movement of
organelles within cell

Made of three types of
protein fibers:

Microtubules,
microfilaments, &
intermediate filaments

S
Mlcrofllaments 0.25 um
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Cytoskeleton & Related
Organelles

OComponents of Cytoskeleton:
Microtubules — 25 nm diameter

Intermediate Filaments — 8 — 12 nm
diameter

Microfilaments — 7 nm diameter
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Cytoskeleton & Related
Organelles

O Microtubules

Hollow tubes

Made up of A- and B-
tubulin

Responsible for:
Cell motility

Microtubule

o cilia/fl age| la oyt © 2005 Parson Educsion, . Publing s Pcrso e Cuiog. AN ighs et
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Chromosome = o
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Cytoskeleton & Related
Organelles

O Intermediate
Filaments

Made up of fibrous
proteins

Made up of keratin
Responsible for:
Structural support

Maintenance of
cell shape

Anchors nucleus &

Ce rta I n O rg a n e I I e S Copyright © 2005 Pearscn Education, Inc. Publishing as Paarson Benjamin Cummings. Al rights resere
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Cytoskeleton & Related
Organelles

OMicrofilaments

Made up of 2 intertwined strands of
actin

Responsible for:
Muscle contraction
Cytoplasmic streaming
Cell motility (pseudopodia)
Cell division (cleavage furrow)
Maintenance of/changes in cell shape
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Centrioles

© Only found in animal
cells

@ Visible only during cell
division

O 9+0 arrangement of
microtubules

O May give rise to cilia &
flagella

© May be involved in
formation of spindle
fibers in animal cells, but

not plants!
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e Flagella and Cilia

microtubule
O Structures for cell

motility

© Flagella (long & few in
#)

© Cilia (short &
numerous)

O 9 + 2 internal structure

© Basal body has 9+0
Figure 4.25 _ _
Page 7Structure’iike centrioles




Cellular
o Organelles

© Cell Wall

Found only in plant cells

Protects the cell Maintains
cell shape

Prevents excessive
uptake of water

Three layers
.  of secondary wall

Middle [amella

Plasmodesma
/

Holds plant up against Cosol i

graV|ty Plasma membrane —

Primary Cell Wall-thin; Plant cell wall layers:

cellulose Middle lamella —\\

Primary wall v

Secondary Cell Wall- Secondary wall - Bk |

thicker; found in woody o
im

p | an tS Copiriaht & Paarson Education, Int., publishing a3 Benjarin Cufimifigs.
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Proteoglycan
complex

Proteoglycan

molecule Collagen fiber

Polysaccharide _
molecule

6080080000
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’ CYTOPLASM

Integrin  Microfilaments of cytoskeleton
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Plasma —{

membrane

Cellular Organelles

O Extracellular Matrix:
Found in animal cells
Made up of
glycoproteins (collagen)
& proteoglycans

Proteins + carbohydrates

Provides support and
anchorage for cells

Differs from one cell
type to another



® Intercellular Junctions

© Neighboring cells are
connected to one
another

O Plant cells:

Plasmodesmata:

Channels in the cell
wall through which
strands of cytoplasm
pass through and
connect the living
contents of adjacent
cells
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© Tight
junctions-membrane
proteins interlock

©® Desmosomes,
(anchoring junction
)-intermediate
filaments “sew”
membranes together

© Gap junctions-
channels align
allowing materials to
flow between cells
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Intercellular Junctions (Animal Cells)
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(anchoring junction)

Gap junction $8&* 1
(communicating junction) 2§




® Intercellular Junctions

TS o~ Extracellular <%
= ) matrix

——

© Tight junctions:
Membranes of
neighboring cells are
| fused
Tight junction { :::L::E:gf: & .
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Intercellular Junctions

O Desmosomes

o r— -:: _—Extracellular
. ar o n matrix
Anchoring
junctions P

Act as rivets

MUSCIG Ce”S o i Intermediate <7/,
iaht iuncti !
are held ST Eg:fsr;?st::; Desmosome
hori fi
together by (anchoring junction)
desmOsomeS . Plasma membranes/ h ::K:
of adjacent cells : oy Odpm
Space between cells—| G » Wi
; o between cellsa" |
What Extracellulargfj 4 B8
matrix o
happens i |
Gap junction #§§& .
when a (communicating junction) g 3
muscle is i |
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Intercellular Junctions

. —Extracellular
= matrix

= =
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© Gap junctions

. . > 3
Communicating »
junctions 4
Cytoplasm I C — P Intermediate 77" i
C h anne I S o j ggsr:f:st:moz | Desmosome
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(communicating junction) ¢
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