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Lectures 2 and 3
duction to cell bio
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jectives (After these 2 lectures and your readings, you
uld be able to answer these questions)

hat is it made of? Name the different organell
the roles/functions for each

are the different scales/sizes for cells a

eory of the cell and end

hat is a cell? Mid 1600s

Small rooms = Cellulae = Cel

Focusing Screw

| Objective

Specimen Yo - Hocke Microscope

(circa 1670)

stevegallik.org




d we go from this:

Figure 18.16
Three domains:the tree of fe. Carl R, Woese's 1996 analsisof
into one ofthree d b

rmiri % TRNS
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ell Theory — mid 1800s

Il organisms are composed of one or more
lls

cell is the basic structural and functi
Il living organisms (Schwann,

from division of

ell features

Diversity Common Characteristics
de range of sizes (nm to m) Components

le or complex shapes; Basic chemistry
R unction Metabolism (ATP)
DNA

b. Archaean c. Protist d. Algae e. Fungal cells

al or very specialized role |

Wim van Egmond/Visuals Unlimited, Inc.
f. Animal cells . Plant cells

=3 S TN

-
fony Brain/SPL{Photo Researchers Dr. Terry Beveridge/Visuals Unlimited, Inc. Michael AbbeyVisuals Unlimited, Inc. Peter Amold Imag ph (Oliver Sun Kim

Figure 2.2

Examples of the various kinds of cells. (a) A bacterial cell with flagella, Pseudomonas fluorescens. (b) An archaean, the extremophile Sulfolobus acidocal-
darius. (c) Trichonympha, a protist that lives in a termite’s gut. (d) Two cells of Micrasterias, an algal protist. (e) Fungal cells of the bread mould
Aspergillus. (f) Cells of a surface layer in the human kidney. (g) Cells in the stem of a sunflower, Helianthus annuus.




| size and scale

evant units:

Scale
10m

Tm

in Biology

— Human height

[— Length of some
nerve and
muscle cells

[— Chicken egg

Most plant and
animal cells

— Smallest prokaryote

| Nucleus
Most prokaryotes
I Mitochondrion -

} Viruses

[— Ribosomes

} Proteins. ’
Lipids

Match the items below with the proper
size from the list on the right

1. Ribosome diameter a) 0.007 um

2. Nucleus diameter b) 30 nm

3. Mitochondrion length  ¢) 0.006 mm
4, Giraffe axon length d) 1 x 10% um

5. Microfilament e)3x10°m
diameter

Scale in Biology

I— Human height

I— Length of some
nerve and
muscle cells

I Chicken egg

Most plant and
animal cells
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w do you look at cells?

section 2.1a and figure 2.4 to read up

Iso experiment with micro

Time to 95% equilibration

hy are cells small?  ofo:prefusen
ratios
of diffusion

VYolume stays the same but surface area increases

X time
0.1 mm 0.067s
1mm 6.7s
1cm 10.9 min

te concentrations or

Fig. 4-1 Becker et

Length of
one side

Total surface area
(height x width x 2400 um?
number of sides x Lt
number of cubes)

24 000 pm?

Total volume
{length x width x
height x number
of cubes)

8000

8000 um®

8000 um®

Surface area to
volume rafio

(surface area +
wolume)

03

086

30
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hat next?

an remain individual

Muscle tissue

e tree of life: 3 domains

Bacteria

Green onsulfur bactera

Gram positives

Thermotoga les

Most recent common
ancestor of all living
organisms

Figure 18.16

hree domains: the tree of life. Carl R. Woese’s 1996 analysis of rRNA sequences suggests that all living organisms can be classified
into one of three domains, identified here on branches with different background colours.
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Bacteria and Archea

]

karya

prokaryotes
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Protists, fungi, plants and anima

aryotes
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ith s

Deal

O main

types of cells

ing with siz

Eukaryotes
* Unicellular (protists)

Multicellular
— Plants

Prokaryotes

nicellular

Campbell, Fig.1.15




Prokaryotes
ay small (1 -5 um)
ep it simple

oical bacteria: Escherichia coli

www.ucmp.berkeley.edu

Ribosomes
Cytoplasm
Nucleoid
Plasma Cell Capsule Glycocalyx: Slime!

membrane  wall
-

Rigidity and protection

2016-01-13
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endoplasmic
reticulum

Mitochondrion
Energy
metabolism

Nuclear pore
complex

Boy -,
Mouse L-Cell

Nucleus
Membrane-Jie Yoot
PEPR] o . Cardamone.

Nuclear
envelope

==
cytoplasmic membrane
Chromatin | hereditary control

Nucleolus

Y | i Rough ER
Pair of /

centrioles —___ \ // /A Ribosome (attached | Endoplasmic reticulum
in cell centre ” to rough ER) Synthesis, modification,
I ibot ot ffice transport of proteins;

Lysosome it membrane synthesis

Degradation;
recyclin; L
el T ——Smooth ER
Microtubules =

radiating from

cell centre

Vesicle/ < ~p ’

g
7* Microfilaments

Ay #
Golgi Complex/ Z #Plasma

Modification, distribution \ membrane
of proteins Cytosol Transport

Chioroplast

Cell wall

Plasma
‘membrane

Golgi
apparatus
Mitochondrion

Rough \ Nucleus
Nucleus | endoplasmic 4
N

reticulum

Microtubule
Intermediate toskeleton

filament
Microfilament

Plasma membrane
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ings you can already organize:

I R

Cell size

Cellular
organization

Genome

Organelles

karyotic cell organelles

cellular compartments within the cyto
unded by a membrane

bcellular compartment wit
ibosomes
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e make sure you have done your r
ot go over each organelle in
various activities.
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Cytoplasm

Nuclear p
complex

Nuclear
envelope

Chromatin
Nucleolus
Enlarged
region showing

phospholipid
bilayer

Figure 2.10

?/

Ribosomes on
outer surface of
nuclear envelope

Outer nuclear
membrane
(faces cytoplasm)

Space between
nuclear membranes

Inner nuclear
membrane
(faces nucleoplasm)

Nuclear pore complex

Nuclear
envelope

A
0.1pm

he nuclear envelope, which consists of a system of two concentric membranes with nuclear pore complexes embedded. Nuclear pore complexes are octag-
lonally symmetrical protein structures with a channel—the nuclear pore—through the centre. They control the transport of molecules between the nucleus and

cytoplasm.

, Durham Univers

Martin W. Goldber
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ibosomes

Ribosome Ribosome

Ribosomes will be
very importantin
part 2 of the
course when we
Figure 2.11 deal Wlth
A ribosome. The translation

diagram shows the

structures of the

two ribosomal

subunits of mam- Large subunit
malian ribosomes

S

Small subunit

Smooth ER

b. Smooth ER ‘
Smooth ER lumen

Rough ER lumen

Cisternae

Biophoto Associates/Photo Researchers, Inc.

Figure 2.12

The endoplasmic reticulum.

(a) Rough ER, showing the ribosomes|
that stud the membrane surfaces
facing the cytoplasm. Proteins syn-
thesized on these ribosomes enter
the lumen of the rough ER, where
they are modified chemically and the:
begin their path to their final destina-
tions in the cell. (b) Smooth ER mem-
branes. Among their functions are th
synthesis of lipids for cell mem-
branes, and enzymatic conversion of
certain toxic molecules to safer

isuals U

Don W. Fawcet

Vesicle budding from rough ER  Ribosome

15



Golgi complex

Vesicle from
ER, about to
fuse with the
Golgi membrane

vesicles leave
Golgi from this
side for other
cell locations

Cis face—vesicles
from ER fuse with
this side

Figure 2.13
The Golgi complex.

Vesicles budded

from Golgi containing : B .
finished product We will discuss the ER/Golgi

again in the last few lectures
{ of the course when we deal

with protein sorting

2016-01-13
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Lysosome
containing
ingested P A
material o ﬁ

Don W. Fawcett/Photo Researchers, Inc.

Figure 2.1
A lysosome.

2016-01-13
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ochondria

Cristae (folds of
inner membrane)

Inner Matrix Outer
mitochondrial  (inside both  mitochondrial
membrane membranes) membrane

We will study
mitochondria in detail
in a few weeks...

Figure 2.17
Mitochondria. The electron micrograph shows a mitochandrion

Figure 2.24
Chloroplast struc-
ure. The electron
micrograph shows a
maize (corn)
chloroplast.

Inner boundary
membrane
Outer boundary
membrane

Thylakoids ~ Granum Stroma
(fluid interior)

Plastids: Chloroplasts,
Amyloplasts, Chromoplasts

Dr. Jeremy Burgess/Photo Researchers, Inc.
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tral Vacuole (plant’s lysosome and mor
SRR MNucleus (contains DNA]

Reugh endoplasmic
reficulum
Ribosomes (attoched)
", Ribosomes (free)

Vacuole : ' Smooth endoplasmic
reficulum

Central vacucle Surrounded
Cytoskeleton by

tonoplast
Chloroplast

Mitochondrion

plasma membrane
: cell wall

Paungfoo-Lonhienne et al. PLoS ONE. 2010; 5(7).

19
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ytoskeleton

a. Microtubules b. Intermediate filaments <. Microfilaments

Figure 2.18
Cytoskeletons of eukaryotic cells, as seen in cells stained for light microscopy. (a) Microtubules (yellow) and microfilaments (red) in a pancreatic cell.
(b) keratin intermediate filaments viewed by immunofluorescence microscopy in the rat kangaroo cell line PIK2. The nucleus is stained blue in these cells
(€) Microfilaments (red) in a migrating mammalian cell

“:‘“"““"z;\a(

Tubulin
dimers

ghemz | 2 Another story to be
continued
shortly....

Figure 2,19

e maje i (a) A microtubule bled from dimers
Jof - and B-tubulin proteins. (b) An intermediate filament. Eight protein chains wind
ogether to form each subunit, shown as a green clinder. (¢} A microflament, assembled
[from two linear polymers of actin proteins wound around each other into a helical spiral.

Nucleus Store DNA (w. membrane) E

Nucleoid Area (no membrane) where P
DNA stored

Nucleolus Assembly of ribosomes E

Mitochondria Energy metabolism E

Lysosomes Degradation and recycling E

Rough endoplasmic  Protein synthesis, maturation, E

reticulum (RER) sorting
Golgi

Smooth endoplasmic Lipid synthesis, detoxification E o
reticulum (SER)

Ribosome Protein synthesis (translation) E+P

Golgi complex Protein maturation and E
sorting

Cytoskeleton Structure, support, signalling E

Central vacuole Digestion, cell growth, E (Plants,
support, storage fungi)

Chloroplast Photosynthesis, starch E (Plants)
storage

Membrane Specific differences E+P

Cytosol Aqueous media within cell E+P
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at distinguishes eukaryotes from
teria and archea?

lear envelope (separating DNA from r
llular components)

us compartments with
ia, etc.

2016-01-13

21



eory of Endosymbiosis

eory of Endosymbiosis: Evidenc

orphology: Shape of mitochondria and
roplasts and size (um) are similarto b
rchea

ction: Only by binary fission
lar mDNA and cp

2016-01-13
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hat about today?

an you find any current examples of
dosymbiosis in nature?

hat about today?

The spotted salamander
Ambystoma masculatum
and green algae are
endosymbiotic; algae cells
infiltrate the embryos.

They provide the 02, while
they use the N2 produced by
the salamanders.

sia chlorotica (sea slug)
he chloroplasts from

Rumpho et al. 2011 JEB 214, 303-311
Rumpho et al. 2008 PNAS 105, 17867-17871
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