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DNA

4. Chromosome
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Cell Fractionation
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Homogenization
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Tissue
cells
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800 g
10 min

Homogenate

15 min

1+t Supernatant

Pellet rich in
nuclei and
cellular debris

e
20,000 g
—h.

Pellet rich in

"~ mitochondria

(and chloroplasts
if cells are
from plant)
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Differential centrifugation
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3 hr

Pellet rich in
“microsomes”
(pieces of
plasma
membranes and
cells’ internal
membranges)
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Eukarya = Eukaryotic cell

Archaea , Bacteria = Prokaryotic cell

EUKARYA
Land plants
Green algae Forams
Ciliates
A\ Red algae
Cellular slime molds Afockas
Animals :
Fungi
Sulfolobus
Thermophiles .
Halophiles COMMON
ANCESTOR
OF ALL
LIFE
Methanobacterium

ARCHAEA
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Dinoflagellates

Diatoms

Euglena
Trypanosomes
Leishmania

Green nonsulfur bacteria
(Mitochondrion)

Spirochetes
== Chlamydia

Green
sulfur bacteria

BACTERIA

Cyanobacteria

(Plastids, including
chloroplasts)



Taseane Prokaryote Eukaryote
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(Nucleus membranes)

Organelle Ribosome ASU U ER , Golgt ,
Ribosome , Vacuole

DNA 1343 protein 3 Histone protein

any¥ae DNA
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f1eae U plasmid 11/

@189 (Double helix)
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VYUIA Ribosome 70 S 80 S
#.8 Bacteria Protist , Fungi , Plant ,

Blue — green algae

(Cyanobacteria)

Animal




Nucleoid

Ribosomes

Plasma membrane

Cell wall

Capsule
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0.5 um

(b) A thin section through the
bacterium Bacillus coagulans

(TEM)

Flagella

(a) A typical
rod-shaped
bacterium



Chromatin
Nucleolus NUCLEUS

Nuclear envelope

ENDOPLASMIC
RETICULUM (ER)

P \_/

Rough ER Smooth ER/

Flagellum

Centrosome

\

Peroxisome Ribosomes
Golgi apparatus
Microvilli Plasma membrane

Mitochondrion

Microfilaments
Not in animal cells:

Intermediate filaments Hethnaren
- as
\ ?'crombmes / Lysosome g:ﬂtral|;racuole and tonoplast
wa

CYTOSKELETON Plasmodesmata



Chromatin

T Rough
NUCLEUS Nucleolus

endoplasmic
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Centrosome ' endoplasmic
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- ___Ribosomes
—

Central vacuole
Tonoplast

Microfilaments

" Intermediate
L\ filaments CYTOSKELETON

' L Microtubules

Mitochondrion

Peroxisome

Plasma membrane Chloroplast

Cell wall
| Not in plant cells:
Pl d ta Lysosomes
Wall of adjacent cell asmodesma el

Flagella (in some plant sperm



Special organelles
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Endosymbiosis Mitochondria INANU Chloroplast INAYA

Nucleus forming

% _ Cyanobacterium

Aerobic
bacterium

Ancestral Infolding of Endosymbiosis Ancestral
Prokaryote plasma membrane Eukaryote
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Internal
membrane
system

Ancestral eukaryotic cell Eukaryotic cell

with mitochondrion

Chloroplast

Eukaryotic cell with chloroplast and mitochondrion
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Plants
1. Cell wall "
W11y Plant / Algae

- Primary cell wall : Cellulose , Pectin

- Secondary cell wall : Lignin J NG ) (o D) - N——
L wall
wulu Fungus cell wall : Chitin
Primary wall

W1 Ty Bacterial cell wall : Peptidoglycan
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plasma membrane

plasmodesmata
cell wall

TEM image of cell wall
structure in plant roots
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2. Plasma membrane , Cell membrane

— Glycoprotein: protein with
carbohydrate attached
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Glycolipid: lipid with
/ carbohydrate
attached

Peripheral membrane
protein

Integral membrane
protein

Cholesterol

Phospholipid
bilayer

Protein channel

Filaments of the cytoskeleton
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3. Nucleus

Nuclear pores

Nuclear envelope

Chromatin
(condensed)
Nucleus

Nucleolus 7 4

Cisternae
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DNA + Histone protein ——> Chromatin
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Chromosome
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I. Nuclear envelope (Nuclear membrane) : NUUAVOUH A U ER WUNE
2. Chromatin : g%’ulaiﬂs?ﬁu

3. Nucleolus : @4tAS mf'f Ribosome



Chromosomes DNA molecules

Chromao-
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duplication

(including DNA

synthes:s)
Centromere

Sister
chromatids

Separation
of sister
chromatids

Sister chromatids

Centromeres



4. Ribosome
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Ribosome diameter = 10 nm
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- Free Ribosome : 0089a52 11 cytoplasm
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Small Subunit

Instructions to make a protein (written

70 S (50 S + 30 S) : PrOkaryote on a mRNA molecule in the nucleus)
80 S (40S + 60 S) : Eukaryote
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Complete
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5. Endoplasmic reticulum
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1. RER (Rough endoplasmic reticulum)
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Rough Endoplasmic Reticulum
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2. SER (Smooth endoplasmic reticulum)
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The Endomembrane System
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6. Golgi
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7. Lysosome
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Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.



8. Vacuole
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1. Wlauanaloa (Food vacuole)

snthiiussgeing wazvhaus sy la T Taw ivedese s
2. L ULIAI 19a (Sap vacuole)

TR UaauenIaen Wy 8130115 a3 a ansi Sludu
3. pouun3nInauinalea (Central vacuole)
dvthiimiarhduiueennnaduesdaliFinmadiaen

Iwall,.

zd' % 1 %} 1 = ~ A A -
noreed 1U 19U gRAU DNV HAETWIT LTI V 7

Vacuole

. Chloroplasts




9. Centriole
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10. Cytoskeleton

Microtubule

Centrioles

9 sets triplet microtubules

Cell membrane

Actin filament




SUMMARYTABLE 7.3 Cytoskeletal Filaments

The three types of filaments found in the cytoskeleton are distinguished by their size and structure, and the protein subunit of which they are made.

Structure Subunits Functions
Actin filaments Strands in double helix Actin » maintain cell shape by resisting tension (pull
(microfilaments) * move cells via muscle contraction or cell crawling
LSRR FEe 0 + divide animal cells nt
SRR [ 7mm ivide animal cells in two
* move organelles and cytoplasm in plants, fungi, and animals
- end +end
Intermediate Fibers wound into thicker cables Keratin orvimentin ~ » maintain cell shape by resisting tension (pull)
filaments ‘ or lamin or others ¢ anchor nucleus and some other organelles
DmnnE
Microtubules Hollow tube 0- and * maintain cell shape by resisting compression (push)
B-tubulin * move cells via flagella or cilia
dimers ¢ move chromosomes during cell division
¢ assist formation of cell plate during plant cell division
25nm €0 * move organelles

* provide tracks for intracellular transport

end ﬂ end




1. Microtubule
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DINUILNDUUDI centriole
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NAUIENDUUDN spindle fiber

94A152ABUVBA cilia , flagella , basal body

9
Us=nauVUIN tubulin

0.1 um
o———e

Cross section of basal body

Cross section of flagellum

Outer microtubule
doublet

Dynein arms
Central

microtubule

Cross-linking
proteins inside




2. Microfilaments

*  mvyusu e lawaraduy (cyclosis)

®  Amoeboid movement

o Y dy
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9)
* 152NRUAIUIIN actin

(b) Amoeboid movement

Relaxed
Actin Myosin Actin

(+) g (+)

Z disk Zdisk

2+
Contracted l+ ATP,Ca

Figure 17-30
Molecular Cell Biology, Sixth Edition
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3. Intermediate filaments

Nuclear lamina
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Tetramer Figure 1 Fgﬁ,’{'f.g‘
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Interstitial
fluid

Extracellular
— fluid (ECF)




— Extracellular
matrix

i .
» A
g

}Tlght junction

. Intermediate
Tight junction || filaments of
desmosome

Desmosome
(anchoring junction)

Plasma membranes S
of adjacent cells

Space between cells —

& \Channel
—— --“ g between cells

Extracellular
matrix

Gap junction FE§
(communicating junction) FE& .
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1. Desmosome
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2. Tight junction
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3. Gap junction

1 ~ d' 1 S 1 9 = -y}
*  ¥OINFONILNNUYAANDYUIUABINY

= . 3 9 9) 1
* 17910 1UIAU Connexin WUsenoulu Iaseasanalene

< o w ~ ' Y ' I A o
¢ L‘]Jl!ﬂ"lﬁ%?ﬂﬂﬂllﬂﬂﬂl@ﬂﬁ?iﬂ%P\I"I“L!!flﬂ—E]’EJﬂ ITNINIBAANIVDOUNU

Intercellular Presynaptic
spa ce neuron

Connexins
Connexon
)

Presynaptic
membrane

Channel
between cells

Nerve
impulse

Gap junction

Postsynaptic neuron / Channel formed
; by pores in
;‘m‘mzm each membrane

(a) An electrical synapse (b) Gap junctions
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