A PROKARYOTIC CELL (BACTERIA)

Fimbriae

Nucleoid

Ribosomes

Plasma membrane

Bacterial

Cell wall

chromosome
/ST Capsule il
0.5um

Flagella
(a) A typical rod-shaped (b) A thin section through the
bacterium bacterium Corynebacterium

diphtheriae (colorized TEM)
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PROKARYOTE VS.

° “before” “kernel”
o No nucleus
o DNA 1n a nucleoid

o Cytosol

> No organelles other
than ribosomes

o Small size
o Primitive

o 1.e. Bacteria & Archaea

“true” “kernel”

Has nucleus and nuclear
envelope

Cytosol

Membrane-bound
organelles with
specialized structure/
function

Much larger 1n size

More complex

e

1.e. plant/animal cell
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0.1 m __muscle cells g
- Chicken egg §
' e

1cmi IS
. Frog egg

1 mm

100 um =<2 | _Human egg

| Most plant and [
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0.1 nm E=Atoms
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o Cells must be small to maintain a large surface
area to volume ratio

o Large S.A. allows 1 rates of chemical exchange
between cell and environment -

—_—

Surface area increases while
total volume remains constant

—OQO1—

Total surface area

[sum of the surface areas

(height x width) of all box 6 150 750
sides x number of boxes]

Total volume
[height x width X length 1 125 125
x humber of boxes]

Surface-to-volume

(S-to-V) ratio

[surface area + 6 1.2 6
volume]



NUCLEUS orqomelle— W brane (lioid

O

O

O

oN
Function: control center of cell

Contains DNA (& mRNA) 95" DNA
—_—— T —

Surrounded by double membrane (nuclear envelope)

* Continuous with the rough ER

Nuclear pores) control what enters/leaves nucleus

hromatin: complex of DNA + proteins; makes up
__¢: T — 6
osomes

C
Nucleolus: region where ribosomal subunits (rRNA +
—_——————

proteins) are formed Clbssemes bouilt+ here

1um

i SN

Pore complexes (TEM)

6 Pearson Education, Inc.



Nucleolus

Chromatin

Nuclear -

Inner membrane
Outer membrane

Nuclear por

Ribo\some

Close-up
of nuclear
envelope
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RIBOSOMES —wade fcsm ¢ RNA ad
o Function@tein%synM proteinas

- Composed of rRNA + protein ProJ-CCm S :j H’L@ STy
> Large subunit + small subunit t
o :pyﬁe-s"‘ LD C/A,‘\—I‘OV\S '-)\FM‘SLA/

1. (FreeJribosomes: float in cytosol, produce
proteins used within cell

2. @ribosomes: attached to ER, make
proteins for export from cell

0.25 tm
P

Free ribosomes in cytosol

: ]—Endoplasmic reticulum (ER)

Ribosomes bound to ER

Large
subunit

Small
subunit

TEM showing ER and Diagram of a ribosome
ribosomes

‘earson Education, Inc.




Nucleus

Rough ER

*Floo il
eﬂ

o— (‘,LoSom

\’
- '

©2011 Pearson Education, Inc.
- - - -

Regulates protein traffic & performs
metabolic functions




ENDOPLASMIC RETICULUM (ER)

> Network of membranes and sacs

> Types: |6 ok et Pram SKV»‘H&{LS
1. Rough EF: ribosomes on surface

> Function: package proteins for secretion,™ © Jside
send transport vesicles to Golgl make Ho
re ent membrane

2. Smooth ER:no ribosomes on surface

- Function: synthesize lipids, metabolize
carbs, detox drugs & poisons, store Ca2*
e ———




ENDOPLASMIC RETICULUM (ER)

Nuclear Smooth ER Rough ER
envelope P N ———

P g

’ !.»‘Q_“‘ \’M
.‘:\{:t{ &)

ER lumen-
Cisternae

/4
Ribosomes
Transport vesicle

© 2016 Pearson Education, Inc.

’ Transitional
ER




GOLGI APPARATUS

> Function: synthesis & packaging of materials (small
molecules) for transport (in vesicles); produce lysosomes

> Series of flattened membrane sacs (cisternae)
» Cis face: recelives vesicles
» Trans face: ships vesicles

Golgi g )
apparatus / 7 )

7 awicvg ) J..l. N ?rb
s G
receiving” side of es\c
Golgi apparatus) _— g

trans\face
“"shipping” side of
Golgi apparatus)

TEM of Golgi apparatus




LYSOSOMES H\Aa\ roltég [S—> ”“tg&j{f\

> Function: intracellular digestion; recycle cell’s materials;

programmed cell death (apoptosis)
—_—

e — e "
- Contains hydrolytic enzymes — A t'?s%ue e/m»aw\es
D T e N i

Vesicle containing
two damaged 1 pm
organelles f l

1 pm
Nucleus +Li

Mitochondrion
fragment

Peroxisome
fragment

' Lysosome

Lysosome

Digestive
enzymes

Lysosome
Plasma membrane @
T

(a) Phagocytosis (b) Autophagy

© 2011 Pearson Education, Inc.

Peroxisome

Digestion




VACUOLES

> Function: storage of materials (food, water, minerals,
pigments, poisons)

© Membrane-bound vesicles
> KEg. food vacuoles, contractile vacuoles

o Plants: large central vacuole - stores water, ions;
_—

retains water Tor turgor pressure )
IQ o A P[&M’f‘

ﬁfmy

s&% Central
vacuole ;

Cell wall

Chloroplast




Rough ER

o Ans
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Rough ER

©2011 Pearson Education, Inc.







ENDOPLASMIC AR \\‘/ Chromatin
RETICULUM (ER) Nucleolus NUCLEUS

¢ A \ /' Nuclear envelope
ough ER Smooth ER/
Flagellum —
‘ / . :

Centrosome
Peroxisome : 7 ) "A Ribosomes
X ‘;_T::-. g : ‘_’v ¢ p »
: ' | Golgi apparatus

sns
Microvilli Plasma membrane

—_—
Microfilaments Mtachonction
Intermediate filaments Not in animal cells:
\ I’tiicrotubules [ Lysosome ¢ ole and tonoplast
CYTOSKELETON Lellwall

Plasmodesmata

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



{ Chromatin Rough
NUCLEUS Nucleolus ~ endoplasmic
Nuclear envelope 4 reticulum oo b
endoplasmic
Centrosome

reticulum

- ____Ribosomes
——

Central vacuole
Tonoplast

Microfilaments

Intermediate
filaments CYTOSKELETON

: Microtubules

Mitochondrion

Peroxisome
Plasma membrane

Chloroplast
Cell wall
| Not in plant cells:
Pl d ta ysosomes
Wall of adjacent cell asmodesma Centrioles
Flagella (in some plant sperm)

Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.



|

MITOCHONDRIA "¢ hous o+ el

bv
Function: smmﬂar respiration Oa — CO,

Double membrane: outer and inner membrane

Cristae: folds of inner membrane; contains enzymes

for ATP production; increased surface area to T ATP
made  30/3, ATP L5 ondl ol PWE%

Matrix: flind-filled immner comnartment,

Intermembrane space

/ Outer
membrane

Inner Mitochondrial

Free membrane

ribosomes : DA

ihthe ~ Cristae

mitochondrial Matrix e i Nuclear DNA
matrix i S x** pm

(a) Diagram and TEM of mitochondrion (b) Network of mitochondria in a protist
cell (LM)

©2011 Pearson Education, Inc.



CHLOROPLASTS P[Mg/

Function: site of photosynth;s,is

Double membrane
Thylakoid disks in stacks (grana); stroma (fluid)
Contains chlorophylls (pigments) for capturir&

sunlight energy st s

Ribosomes

Stroma

Chloroplasts ‘
(red)

Thylakoid Intermembrane space )
(a) Diagram and TEM of chloroplast (b) Chloroplasts in an algal cell

© 2011 Pearson Education, Inc.




——

Eg DOSYMBIONT THEORY

Endoplasmic

— sNucleus
reticulum

Engulfing of oxygen- Nuclear ‘x’{

using nonphotosynthetic envelope | "W"c% //
prokaryote, which \ g j
\ —

becomes a mitochondrion ) ——

Ancestor of
eukaryotic cells
(host cell)

Engulfing of
photosynthetic

prokaryote
Chloroplast

' At least
Nonphotosynthetic\°one cell &
eukaryote o= » /

Photosynthé—tic eukaryote

Mitochondria & chloroplasts
share similar origin

Prokaryotic cells engulfed by
ancestors of eukaryotic cells

Evidence: ivvgvow b‘i F"‘/E}Z
Double-membrane .,Jcs
structure
Have own ribosomes &
DNA Pro\&WUbch
Reproduce independently

ithin cell -
) o Riadst

—



PEROXISOMES

> Functions: bregk down fatty acids; detox alcohol

- Involves production of hydrogen peroxide (H,0,)

Peroxisome

Mitochon-

Chloroplasts - S |

© 2016 Pearson Education, Inc.




CYTOSKELETQ&:_ILF ETWORK OF PROTEIN FIBERS

[o
Function: support, motility, regulate biochemical

activities




?W lLnd

Plant Cells Only Animals Cells Only

Central vacuoles Lysosomes
Chloroplasts Centrioles

Cell wall of cellulose Flagella, cilia
Plasmodesmata Desmosomes, tight and

gap junctions

Extracellular matrix

(ECM)



Cell Component

Structure

Function

Nucleus

(ER)

Surrounded by nuclear
envelope (double membrane)
perforated by nuclear pores;
nuclear envelope continuous
with endoplasmic

reticulum (ER)

Houses chromosomes, which
are made of chromatin

(DNA and proteins); contains
nucleoli, where ribosomal
subunits are made; pores
regulate entry and exit of
materials

Ribosome 9

Two subunits made of
ribosomal RNA and proteins;
can be free in cytosol or
bound to ER

Protein synthesis

© 2016 Pearson Education, Inc.




Cell Component

Endoplasmic reticulum

(Nuclear
envelope)

© 2016 Pearson Education, Inc.

Structure

Extensive network of
membrane-bounded tubules
and sacs; membrane
separates lumen from
cytosol; continuous with
nuclear envelope

Stacks of flattened
membranous sacs; has
polarity (cis and trans faces)

Membranous sac of hydrolytic
enzymes (in animal cells)

Large membrane-bounded
vesicle

Function

' Smooth ER: synthesis of lipids,

metabolism of carbohydrates,
Ca?* storage, detoxification of
drugs and poisons

Rough ER: aids in synthesis of
secretory and other proteins
from bound ribosomes; adds
carbohydrates to proteins to
make glycoproteins; produces
new membrane

Modification of proteins,
carbohydrates on proteins, and
phospholipids; synthesis of
many polysaccharides; sorting
of Golgi products, which are
then released in vesicles

Breakdown of ingested
substances, cell
macromolecules, and damaged
organelles for recycling

Digestion, storage, waste
disposal, water balance, plant
cell growth and protection



Cell Component Structure Function

Mitochondrion Bounded by double membrane; Cellular respiration
» inner membrane has infoldings
(cristae)
Typically two membranes around Photosynthesis

fluid stroma, which contains
thylakoids stacked into grana (in
cells of photosynthetic eukaryotes,
including plants)

Peroxisome Specialized metabolic compartment | Contains enzymes that transfer

bounded by a single membrane hydrogen atoms from certain
molecules to oxygen, producing
hydrogen peroxide (H,0,) as a
by-product; H,0, is converted to
water by another enzyme

P
Pt
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