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Human Body: Levels of Organization

€) Chemical level ) Tissue level
S NS N * Organismic Level
o> S~y &= == -one living individual.
s o smmeene ) e System Level
T gommen ™ J) collection of related organs with a
y common function

Digestive system
sometimes an organ is part of more
N than one system
) ,X’Esflphagus G St S Pancreas — digestive, endocrine
e e QOrgans

e grouping of 2 or more tissue types
Into a recognizable structure w/ a

~——— Gallbladder
__ Small intestine

' _J {f_ maimatie specific function.
Digasl‘ilve system o ¢ Tissue
: 4 basic tissue types -- epithelium,
A human body consists of : muscle, connective tissue,
e Cells (live or dead) nerve tissue
e Extracellular Matrix o Cellular
e.g. Basal lamina, Collagen ... smallest living unit of the body
« Extracellular Fluid (ECF) * Chemical

e.g. Blood plasma, Lymph, CSF ... atomic and molecular level



Amplification of an activity through the levels
e.g. Muscle activities -
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system

Skeletal
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Amplification of an activity through the levels
e.g. Muscle activities
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light chai i
e Shortening of sarcomere

Molecular assembly
Cell assembly
Tissue assembly

—

Actomyosin interaction

Each cycle produces 5(~10) nm step.
A head cycles no more than 20 /Sec
(in physiological conditions).

300 nm /s~ 1mm/h mE) 10 mph

(typical) (A Marathon
runner)

Muscle




Cell (Human cell) = smallest living unit of the body

Minimal common components
e Cell (plasma) membrane
The boundary that separates

lonic constituents (environment)
e Membrane proteins
e Cytoplasm

Proteins, other molecules, ions, water
» Cytoskeleton

Various size, shape, components,
organization, function, life span

“*Some cells are partially to completely
missing organelles (such as red blood cells)




separates the cell from the environment (“Barrier”)

Plasma Membrane

Water-seeking
head group

Cholesterol

Cytoplasm
(watery environment)

Cholesterol

Filaments of

proteins cytoskeleton

Integral

Glycoprotein  Glycolipid @

WW g2 wm
3% $3
@
0
(4o}
D
=
| —-—
D
o
rm)
D .. >
38
c oS
mrSw
@)
.mzam%
n_rubcam
y0+1er
c<S v EO
I_p .,n_.ruDl
-IO+ = =
BraP o
dN-.O
— c O g
1 S=0

[ More on membranes : next lecture ]



Intracellular Environment

Energy from ATP is used for (nearly) all the processes that
maintain cell’s ‘LIFE”’.

Generation (maintenance) _ Glucoge Intake
of membrane potential A (transporter)

(lonic pumps) N \ ............ -\ :
ATP Nuclelc Amlno

/ O_\
/ X

ATP, GTP, Glycine,
dCTP etc Cyctein etc

somv ) DNA— RNA— Proteins

0mV | |

lonic imbalance (particularly, Na* and K*) b/w inside and outside a cell, created by
membrane ionic pumps, ion exchangers and channels, establishes resting
membrane potential. This is used to drive other process (such as molecule

import), as well as for information processing (e.g. nerve cells).




‘ e I I S Ribosomes Bacterial ribosomes are smaller than
eukaryotic ribosomes, but serve the same function—
protein synthesis from an RNA message.

P ro ka ryOti C Ce I I Nucleoid Contains a single,

simple, long circular DNA

(B aCte r i a.) | molecule.
Simple organization NS

No membrane-bound organelle
No nucleus

Primitive cytoskeleton
Bacterial flagella

Pili Provide
points of
adhesion to
gurface of
other cells.

Flagella
Propel cell
through its
surroundings.

Generally smaller in size
(than an eukaryotic cell)

Cell envelope &/ _u ¢« & \\\

RCHAEBACTE Structure varies B
P‘?\CHP‘EA (A Ria) with type of g\ - \\ \
&, bacteria. ' \ |
\a Sulfolobus human Cq . \ "
ég?‘ o s Haloferax maize _— ’?1.»0 ?
2 EHRGTHN ethanobacteriu _ }d‘ N\
Q\:" cyanobacterla (cow rumen) Paramecium :
~" Bacillus Methano- ) _ \
Q-l_? coceu Dictyostelium \
& E. coli - Euglena \
L :
& Thermo- common ., Giardy o
microbium ancestor 1 change/ Trichomonas
cell 10 nucleotides

Aquifex



Prokaryotic cell
No membrane-bound

Aquifex

Eukaryotic cell: Subcellular Organization

organelle Ciiun intermadiate flaments NUCLEUS:
No nucleus Microtubule \ , Secretory vesicle Chromatin
.. o 4\ Muclear
Primitive CytOSkeleton Mmfﬂf"ﬂmﬂﬂtx__:_ i envelope
Bacterial flagella Microvilus e P Nucleolus
B R Glycogen granules
Centrosome: X b
Bfisons Bein i ek e Pericentriolar —— =y CYTOPLASM
protein synthesis from an RNA message. area i (- A > g (CY‘GSO' plus
Nucleold Contaios a o Centrioles — = organelles except
i the nucleus)
i i PLASMA
[/ Sineiont MEMBRANE Rough (granular)
BV = Rersertd endoplasmic
) _— Lysosome reticulum
\ .'r\{_ il Smooth (agranular) Ribosome
- gl endoplasmic ;
k- R_‘L{ ekt Golgi complex
\\ . Peroxisome
\K\\} | Mitochondrion o
[ Microfilaments
@
YA\ | Microtubule .
\.
HREA (ARCHAEBACTER| 5 ) . . .. .
pRCHA Complex organization inside cell :
&y,
\a Sulfolobus human G : .
g Haloferax maize \ | v east o Various organelles;
q,?‘ er{no o ethanobacteriu > )@ NUCIEUS
@) 4 c;,':'anobacterla ,é‘?cm, rumen) Paramecium _ _
iy =i Pl Dictyostelium Mitochondria
g__: E. coli —~ Euglena Cytoske|eton
< e, _ ~Trypanosoma
m Thermo- R Giardia
microbium anceﬁtor 1 change/ Trichomonas
ce 10 nucleotides



Eukaryotic cells

Rough
endoplasmic \
reticulum

Nuclear membrane

Plasma
membrane

Golgi vesicles
Mitochondrion
Peroxisome

Lysosome

Secretory
vesicle

Electron Mlcrograph

Endoplasmic reticulum T pm

Various cell types; shape, size, intracellular organizations, polarization — Functions
These three cells all belong to “Intestinal Epithelial Cell” groups
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Small Intestine
(Absorptions)

~ Pancreatic Acinar cell
(Digestive enzyme production)

Liver Hepatocyte
(Metabolism, protein production,
Bile secretion etc)



Comparison of Prokaryotic and Eukaryotic Cells

Characteristic

Prokaryotic cell

Eukaryotic cell

Size
Genome

Cell division

Membrane-bounded

organelles

Nutrition

Energy metabolism

Cytoskeleton

Intracellular movement

Generally small (1-10 um)

DNA with nonhistone protein;
genome in nucleoid, not
surrounded by membrane

Fission or budding; no mitosis

Absent

Absorption; some photosynthesis

No mitochondria; oxidative
enzymes bound to plasma
membrane; great variation
in metabolic pattern

MNere—
(Exists during cell division)

None (?)

Generally large (5—-100 pum)

DNA complexed with
histone and nonhistone
proteins in chromosomes;
chromosomes in nucleus
with membranous envelope
Mitosis including mitotic
spindle; centrioles in many species
Mitochondria, chloroplasts (in
plants, some algae), endoplasmic
reticulum, Golgi complexes,
lysosomes (in animals), etc.
Absorption, ingestion;
photosynthesis in some species
Oxidative enzymes packaged in
mitochondria; more unified
pattern of oxidative
metabolism

Complex, with microtubules,

intermediate filaments, actin
filaments

Cytoplasmic streaming,
endocytosis, phagocytosis,
mitosis, vesicle transport

Source: Modified from Hickman, C.P., Roberts, L.S., & Hickman, F.M. (1990) Biology of
Animals, bth edn, p. 30, Mosby-Yearbook, Inc., St. Louis, MO.



TISSUE = group of cells in similar type(s) , and perform
(a) common (related) task(s).

4 Basic tissue types:
(and that’s all)

Epithelial tissue —~ 3o

Connective tissue —

Adipose tissue — e CONER
Cartilage
Bone

Blood ——

s f((/@{s
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Nervous tissue

________

Muscle tissue i

— .r ”“‘H”: ‘J i

A -=



TISSUE

Cell organizations and Extracellular Matrix

Cells are attached each other via
junctional complex KO ﬂ o lo ﬂo ﬂo N o }

e.g. Epithelial tissue

Cells are surrounded by extracellular

matrix (Basal Lamina) and connected each —S— ® ——
other S

e.g. Muscle tissue, Nervous Tissue

Cells are scattered within the —
extracellular matrix ~— o —_ ~—_ ° —_

e.g. Connective tissues,
Cartilage, Bone

Extracellular matrix

e.g. Spleen / _@ Lymphocytes
ORGAN g. op oo

A Self-Closing unit,

consists of tissues /
Connective Tissue

= =
oS,
BlOOd Vessels al Id

Red Blood Cells



Tissue: may consist of one type of cells, or various types of cells
(together with extracellular matrix).

Different cells (types) within a tissue
Same origin (stem cell) = different differentiation paths (1)

-> different stages of a differentiation (2)
Different origin (3)

e.g. Tracheal epithelium
(Pseudostratified columnar ciliated epithelium)

Basal lamina

Ciliated cell

Basal cell
(precursor to either ciliated or goblet cell)
Brush cell

Diffuse endocrine cell




Tissue: may consist of one type of cells, or various types of cells
(together with extracellular matrix).

Different cells (types) within a tissue
Same origin (stem cell) = different differentiation paths (1)
-> different stages of a differentiation (2)
Different origin (3) B, .

e.g. Skin

(Stratified squamous epithelium)

Different types of cells (functions): Single cell type (Keratinocyte)
Keratinocyte _ in different stages (layers)
Melanocyte (produces melanin granules)

Langerhans cell B—>S—> G- C — (skin surface)

Markel’s cell



How to visualize cells and Subcellular Components

- By PR R \
1Tmm =
100 pm L
& — plant
— cell
— animal
10 I.im — GE"
— organelle
1 um — bacterium
l 100 nm | — , - L
—  virus Mitochondrion Poly-Ribosomes (Multi-
— B protein complex etc..)
_ T4
10 nm | T
— globular
— protein
1nm —
= small
— molecule
- atom
0.1 nm —

(1A) Ribosomes Protein (structure) Atoms



Prototypical
mammalian cell

' centrosome with
microtubule paijr of centrioles

extracellular matrix

I5u—ml chromatin (DNA) \
Organelles are not nuclear pore
placed randOmly nuclear envelope ”
vesicles
throughout a cell; 5
they are organized :
and localized > : |
(polarized). AN N S e
?i?;ments e mitochondrion
Deroxisome// \ \ nucleolus
I
ribosomes  Golgi intermediate plasma e endoplasmic
Plasma Membrane in cytosol  apparatus filaments membrane reticulum

Membrane-bound Organelles
Mitochondria
Rough-Endoplasmic Reticulum (rER)
Smooth-Endoplasmic Reticulum (sER)
Golgi Apparatus
Lysosomes
Peroxisomes
Endosomes (Phagosomes)
EXxocytic vesicles

Cytoplasmic components

Centriole(s) Cytoskeleton

Polysome Actin filaments

(Poly-ribosome)  Microtubules
Intermediate

Nucleus filaments
Nucleolus Cilia/ Flagella
Microvilli



Cell Polarization

Positions of cellular components (organelles, plasma membrane sub-

structures) are not randomly (uniformly) arranged throughout the cell;
=> many cell types take unigue shape.

® The shape of a cell, in many cases, Is held by internal cytoskeletal

proteins (actin filaments, intermediate filaments and microtubules.)

Dendnites (receptive regions)

A neuron
(Dendrite — cell body — axon — axonal terminal)

o =" &,
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sy LN | ":'-

1 SR - —— Call body
T, A Y e (biosynthetic center)
Mucleus 2 il W
£ _W
{ . i
Y ,
! I"'xll : Asan
Nucleolus LY (impulse generating Il se
S and conducting diresclian
Migsl bodies — Y regian) _— Made of Ranvier
=8 o W W b
RLEET g o £ ) ~———Axonal terminal
RS N | Schwann cell ek '
{ome intar- e -
Meurdamma riode)
(shaath of Telodendnia

Schwann) (terminal branches)



Subcellular specialization

Arrangement of the cellular structures not only
reflects the cell shape, but also unigue
function(s) within particular region(s) of the cell.

{\ )L/ _ﬂ, Cell body
d: _k Dendrites

Different surface ey
— Different protein structures S . Q\i

— Different role (activity) \
Trigger zone

Cell junctions play key roles separating
the surfaces P
(in Epithelial tissues)

Axon
/termina!




Cell Polarization -- Subcellular specialization

space

Golgi £ af: 1 e it
vesicles StcaDaye | 2T

Y

2pm

e.g. a secretory cell

Secratory

i -
i =y vesicle

o Mitochondrion

grla

Exocytosis E)
(granules discharged) N

Storage vesicle

Secretory vesicle i
| Nuclear

§ pore

Forming secretory vesicle —
containing zymogen
granules

Golgi vesicles

Rough ER

QOuter nuclear
membrane

Exocytosis takes place only on the cell’s apical surface
Note the locations of rER and Golgi vesicles

Positions of the organelles, as well as the direction of transport of the secretory
vesicles are determined by network of cytoskeleton (actin filaments, microtubules and

Intermediate filaments).

Receptors / channels / pumps on the plasma membrane, in many cells, are also
localized onto particular side (apical, basal, lateral.)



Cell polarization in epithelial tissues

Strategic localization of
Cellular component;

Epical vs Basolateral surface

Different surface
— Different protein compositions
— Different role (activity)
Cell junctions play key roles
separating the surfaces

(Outside)
/— Apical surface
Sa— > Cam

Basal surface—/

(I nside)

\
! >Apic:al
| ( surface
Microvillus i
. . . ) Al 3 .7.'
Tlghtjunctlon;{' P -
V¥ »
Adherens junction g/ \
, ; - L ‘L Lateral
Actin and myosin ] surface

filaments

Gap junction

Intermediate )P
filaments

5," “,\r
Desmosome L{} @ &b Basal
: 3™ - surface
Hemidesmosome ‘ /
Basal lamina 8 S

Connective tissue {

Prototypical epithelial cell



Epithelial cell polarization
Small intestine

AT

Basolateral vs Apical surfaces :
Different functions

Membrane proteins, receptors, channels
Exocytosis/endocytosis

Blood Epithelial cells Intestinal lumen
High Na* Low Na* Dietary glucose
Low K* High K* High (dietary) Na*

GLUT 2 ‘ SR %

Glucose Glucose Glucose

Na+ p Na* . &
NaK-ATPase L
ADP + P Na*/glucose
K+ K+ ' symport
protein

Basolateral 4{ Tight junction %\ Apical
membrane membrane

Glucose intake



Epithelial cell polarization
Small intestine

basolateral apical

transport transport
vesicle vesicle
Tight _ $ 4 | e % P\._;k‘.
junction ‘! R \,
1 R
) “v;r \, trans
o f Golgi
-:_f}\ /: network
LS
-—
- -
»-—
or —nucleus
-T -a
-l
P *
Nt

Blood Epithelial cells Intestinal lumen
High Na* Low Na* Dietary glucose
Low K* High K* High (dietary) Na*
GLUT 2 ‘ ¢ %
4
Glucose <=—=—= Glucose é Glucose
Na* l  Na* _
Na*/K+ ATP K‘émp 2 Nat "= 2 Na'
a*/K* ase 7
: Na*/glucose
K—AK.,ADP+ P; symport
( protein

Basolateral 4 Tight junction g\ Apical
membrane membrane

Specific sets of plasma membrane proteins / secretory
proteins are transported to their correct destination

by intracellular transport mechanismes.




centrosome with

Organelles TETIS pavdlcantioles sersealRaEaty

chromatin (DNA) \
5um
nuclear pore

nuclear envelope

P 7P, iy vesicles
.'J‘k"l-' < = ‘;5 # z /If
# 4 s e - == T ".I:Zu'

lysosome

Major
Functions of actin=<= N
Organe“es - —, » mitochondrion
peroxisome Aucieots
nucleus
Protein synthesis aiisol v e ANy retcuum
and export

— rough Endoplasmic Reticulum (rER), Golgi Apparatus
Membrane lipid synthesis — smooth ER
Endocytosis, breakdown — endosome, phagosome, lysosome

Energy and metabolism — Mitochondrion, peroxizome
Genetic Information — Nucleus

Many Ornagelles would take more than one function:
e.g. Calcium storage — ER (SR), Mitochondrion



Membrane-bound Organelles

rER (rough Endoplasmic Reticulum) :
Protein synthesis

and modification
(Plasma membrane proteins, =
secretory proteins etc) =

Cisterns

Nuclear
envelope

Lumen: Cistern(a) |
(environment of cisterna is, in =+
many aspects, similar to outside
cell; e.g. 1on concentrations)

continuous:
Nuclear envelop - rER - sER

Smooth ER

Lipid Synthesis and Metabolism

(Fat metabolism)

Steroid Hormone Synthesis

Glycogen breakdown (liver)

Sarcoplasmic Reticulum
(Muscle cells; Ca?* storage)

(a) Details

Smooth ER Ribosomes Rough ER



Protein Synthe3|s and Transport

Cisterna Rough ER ,_.. Proteins in cisterna

- ’ " +—Ph&gusome .

- Golgi Apparatus:
Sorting, modifications

~and concentration in

¥S0S0MEs containing acid - prOtEin SynthESIS

+  hydrolase enzymes
cis Golgi Network -
IR i - cisGolgi 2>
A trans Golgi 2>
y TGN (Trans-golgi
Network)
Each compartment is

Plasma membrane not continuous to the
next one.

rER - Golgi complex -> secretory vesicles
-> vesicle (organelle) membrane proteins
-> vesicle with membrane proteins
-> plasma membrane proteins
-> lysosomes (incl. Enzymes)



Examples of membrane
trafficking

Receptor-mediated Endocytosis

Intake of small objects, proteins etc

Receptor-mediated Endocytosis

© sinding

Receptor-LDL

LDL particle Plasma
complex

membrane

Invaginated plasma
membrane

/e Vesicle formation

Clathrin-coated
vesicle

Clathrin-coated
pit

\? Uncoating

Transport

‘ Uncoated vesicle
vesicle

/o Fusion with
b

endosome

© Recyciing
of receptors
to plasma
membrane

Transport o Degradation

: in lysosome
vesicle

enzymes



Examples of membrane trafficking and Organelles

Phagocytosis
(For larger objects;
bacteria, virus,

damaged cells etc)

Macropharge "
engulfing
two red blood cells

4} &= Pseudopods
Plasma membrane ﬁ‘ ; 3 Microbe
J L% =~ —=— Receptor
RS B .y
@ﬁﬁg& %Esﬁ%ﬁ@ ! Wﬁaﬁ;ﬁ@ﬁﬁﬁ%ﬁ
s 4
Lysosome 4
2 ; ‘},;h Phagosome %
% Digestive iIHL!|
% enzymes K ;E]yL}
)i ]
d ;
3
g ;
1?[! . Digestion by %
hi ) lysosomal enzymes
} ;
§ ¢
& i
(VY ﬁ'@
p 3
_ oF

=
%ﬁaﬁeaeaaagagagﬁbwaa%ﬁﬁa



membrane

Mltochgndrlon rg;md

r— T

Ribosome
Milochondrial
DMA
Inner Sl
mitochondrial

-—
membrang

Cristag

Double membrane system
Cristae (inner membrane-folding)
Matrix (Inside inner membrane

— where ATP Is synthesized)

Contains DNA (in the matrix) for some of its own components
This DNA is strictly maternal (from oocyte)

ATP synthesis
Amino acid metabolism



q_Mltochondrlon

T e it Y, b

Mitochondria — its dynamic nature

Although mitochondria may seem small vesicles (especially
on many textbook illustrations; above), they may be long,
twisted (?) sausage-like shape. The shape changes
dynamically. They divides, or, fuses together all the time,
independently from the cell cycle (cell division).

FISSION

mltochondrlal
FISSIDN% 2 DNA
“FUSION

FUSION

nucleus

Tum

Evolutionally, mitochondrion is
thought as a bacterial invader

i : P
into an ancestral eukaryotic cell / mitoshinar

with double

bacterium membrane



Mitochondrion
ATP production (Oxydative phosphorylation, citric acid cycle)

Glucose —[Glycolysis}> Pyruvate Lo
Fatty acizl[s S o y _ > Acetyl-CoA — [Citric Acid Cycle]

» »

outer mitochondrial membrane

This 1s where O, 1S used.
Inner membrane
(consists cristae —
Cytochrome Complexes
& ATP synthase)

inner mitochondrial membrane ATP synthase

electron-
Hzotransport

citric
acid

acetyl CoA

i .
pyruvate fatty acids

pyruvate fatty acids
| |

FOOD MOLECULES FROM CYTOSOL



Mitochondrion Rotation of ATP synthase (a.k.a. F,F; ATPase)

- o0GeR0ARAR0CE000a00POE00n0B00000000000 0
e e sesin) oo
i gjxmgtmmmnwmmmxxfm%& _ o8 — HY g+
Lo aH* iy “Xoced H* = Ht
aH* A Cytc R HY g+ = H*
W Intermembrane o
$ % % * Ht H H+

Fumarate
Succinate

NADH +H* NAD'

1 turn of the rotor required 3 H+*
movements across membrane
(= 1 ATP synthesis) .

Alternatively, rotation of the rotor

Actin filament
V'Streptavidin
can be produced by uncoupling F,

Z T
and F; subunits, and adding ATP. !
(In this case, ATP hydrolysis takes : : 7
place.)




Cytoskeleton and Molecular Motors

. - ~5nNm
PrOteIn flbers Micrwillus/ i v
' — S —+
MICROFILAMENTS —— Microfilament
L =
. Plas brane
(SELF ASEEMBLY) S
. ; ~10 nm
Holds cell’s structural integrity
“Track” for biomolecular motors )y Q | rtermedate fament
(Actin filaments, Microtubules) S Rlents
Dynamic changes during I ~ 25 nm
Various cellular activities S o

(Actin filaments, Microtubules)

\ 0/ Microtubule ot



Cytoskeleton and Molecular Motors

Microfilaments (a.k.a Actin filaments, F-actions,
Thin filaments) (Muscles)

Actin filaments - fiseoiated Myosins

Actin filaments and Intermediate
] filaments are associated with plasma
Microvillus ) w membrane via anChorlng proteins, and
ACROFILAMENTS b N they are associated with junctions and
NUG|EUS/Q adhesion molecules.
Plasma membrane = . Apical
surface
Microvillus
Intermediate filaments
S
Cell type-dependent A'jh"“”°f'°”—{. .
. erens junction e Lateral
Keratin Actirar moyosln surfioe
Neurofilaments e
Gap junction
Uiy e Alarartts -
T S s
; Intermediate filament Basal lamina
/ /- s Connective tissue {
== FILAMENTS

Prototypical epithelial cell



Cytoskeleton and Molecular Motors

Associated
Motor(s)

Microtubules (MTSs) Kinesins, Dynein

(protein: tubulin) % .
b F
wet® IR
fj{f.i_?_; i.
$He. o
s —
H —H
.L{;%.’_L;;;e:=-"--*'

MICROTUBULES +— B-Tubulin

& — & Tubulin
Centrosome

—_—

- -,'- 'l"

Sak grgrprprpr R By

e .

COUECO00

Microtubule

(1) Protefilament assembly i2) Sheet assembly

Microtubule-based Organelles
Mitotic Spindle

Centrosome

Pericentriolar area

——— Centrioles

GTP GTP
_{ k;f/ GTP
WA
Q g‘ﬁ
GTPcap{ ﬁ; {+) end
[ S
ew et
microwbuie] iy
e e F
\_ﬂ?- . i-lend
T

{3) Microtubule elongation

Cilium and Flagellum




Nucleus

Nuclear envelope

Nuclear Envelopes
~ Double-membrane (just like collapsed bags)
Nucleolus | _ Contentious to ER

Nuclear pores
Gates to get into/exit from
nucleus to cytoplasm

Condensed chromatin

Pores

Nucleolus
the site of ribosome subunit assembly

Cisterna of rough ER
(a)

Nuclear
pores

nuclear
envelope

nuclear
pore

lamina

condensed
chromatin




Nucleus

Chromosomes (Genes)
Gene Expression
Transcription (DNA = Messenger RNA (MRNA)
active chromosomes — extended chromatin
Inactive chromosomes — condensed chromatin

nuclear
envelope

nuclear
pore

lamina

condensed
chromatin



Nucleus Nucleolus

the site of ribosome subunit assembly
Ribosomes = Protein synthesis machinery

Nuclear envelope
Condensed chromatin

Nucleolus

Eukaryotic RIBOSOME components

Pores

4 ribosomal RNAS
> 80 proteins

Nucleus

9.10d Jea|dnN

A

Ribosome Ribosoal subunits




