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Outline for today

Part 1

- Introduction to different cell types
- Cell composition

- Cell dynamics/ transport

- Compartmentalization

iClicker Q1, short break

Part 2
- The eukaryotic cell
- Features and consequences
- Origin
- Multicellularity
- Where and when it occurs (all domains)
- Molecular basis

iClicker Q2
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Introduction to different cell types

' vs. Viruses, Prions, Viroida

Structural/functional v. chemical similarit

> erhbiokts [ compertmeat
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Basic principles: what does a cell need?

Functional goal

« Reproduction (make copies)

« Ability to move (get good stuff, avoid bad) flagella, pili, slimé
~—{proteins-ERLS)—

—

« Transportation network (get things in/out) protein channels
FS——

= Ability to harvest energy small molecules, membranes (battery)

+ Ability to defend itself small molecules, cell wall/membrane

+ Emergency preparedness (regair damage) proteins

+ Separate the inside from outside membranes

Components

nucleic acids

-
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Building blocks — Nucleic acids J

Function: DNA (information sturagnformation transfer, catalysis,
- synthesis, regulation)

Polymers of nucleotides joined by sugar and phosphate backbones
*DNA = cﬂxyribonucleic acid (A pairs with T, C pairs with G)

Vg
* RNA = ribonucleic acid (A pairs with U, C pairs with G)

DNA double helix 3
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Building blocks — Nucleic acids

NoT RANDDW
Energetic significance of base pairing facilitates programming

—C

P. Rothemund
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Building blocks — Nucleic amds/

_ Gompof .Svma],

Example: Detegtion of specific RNAs

M. Pierce (BE., ACM)
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Building blocks — Nucleic acids J. Barton CCE Chair

S0 -3 450 -BDD  -7RO
Paotential {mV)
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Kelley, S.0.; Jackson, N.M.; Hill, M.G.; Barton, J.K. AC/ 38, 941 (1999).




April 05, 2012

Building blocks — Proteins

Function: make things, move things around, provide structure, regulate,

protect and repair
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Building blocks — Proteins

“Levinthal's Paradox”:

Consider a small protein (polypeptide) comprised of 100 aa
Assume each aa can take on 2 different conformations (2100)

Pascher et al. Science 1996, 277: 1558
Levinthal, J. Chim. Phy. 1968, 65: 44

H. Gray (CCE)

532 Nd:YAG laser
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Building blocks — Carbohydrates, Lipids

Function: separate inside from outside

CH;

-

H Cholesteral

HQL\MA/\/W\

Free Fatty Acid

Hnj\/\/\/\/\N\

H Glycosylceramide

J
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Building blocks — metal cofactors (function: catalysis)

The FeMo cofactor

J. Peters (CCE)
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D. Rees (CCE)

Nitrogenase
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General Bacterial cell biology

"’(MJ Escherichia coli

www.DennisKunkel.com
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Bacterial cell biology — Gram positive v. Gram negative
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Bacterial cell biology —peptidoglycan cell wall ?'P{.\‘J.QS

N-acetylglucosamine (GIcNAc or NAG) +
N-acetylmuramic acid (MurNAc or NAM)

PE T

o

e = s (TP
e

MAG PAR Olgopeptide

Transpeptidases (i.e. Penicillin binding proteins) catalyze joining of strands

| — — W )
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Natural product pharmaceuticals
— penlullm (A. Flemmg) bind transpeptidases
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General Archaeal cell biology

Pyrococcus furiosus (“rushing fireball”)
Isolated in deep sea vents off ltalian coast by
Karl Stetter

Hyperthermophile: grows 70 — 103 C
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Archaeal cell biology—cell membrane Yh”f I\‘OL(PIJS'

A’f% /‘BW Chains
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cell wallstalliﬂe layer of proteinsfglycoproleins)‘_'?

(also in some Gm+ bacteria)
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Cell dynamics: targeted movement of proteins within cells
—_——

Example: Dynamig MreB ghovement (peptidoglygan biosynthesis) in Bacillus subtilis
—

= achin -(ike Fm"m (i’l enkS > mﬂfgpf
Ll M o
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Montage (5 s intervals) Integrated projection

\

Time
(300s)

Garner et al. (2011) Science
Dominguez-Escobar et al. (2011) Science
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Compartmentalization

Homew vk
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THE EURARNOTLC Cal
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0.1nm 1nm 1 pm 1 mm 1m 1 km
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The Eukaryotic Cell

Rob Phillips — Applied Physics
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The Eukaryotic Cell

NUCLEUS
M - Single-layer
L : membrane network
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The Eukaryotic Cell

The mitochondrion:
0~ (000 (2
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PLASTIDS
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Eukaryotic cells have larger genome sizes

| In base pairs of DNA
Mycoplaama

Gram positive bacteria -

Gram negative bacteria .

Fungl | Moulds -
Algar .
Worms .

Crustaceans

Echinoderms

Insacis _

L ]
Birds .
Bany flish _

Cartilaginous fish -
Reptiles -
Mammals .

Amphibans

Flowaring Plants I
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Multicellularity

Bacteria
Archaea

1 biosphere F: ]
BACTERIA/ARCHAEA
EUKARYA

Single-celled Multicellular

a""% (plants/animals/fungi)

ecosystem

N\
community M
population

organism
[cell]

molecule

atom
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Multicellularity occurs in representatives of all three domains

Archaea

Eucarya
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Multicellul

Archaea
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MULTICELLULAR PROTIST
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Bacteria

Archaea

Eucarya
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Dictyostelium discoidem
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Where in the hierarchy? What emergent properties?

c biosphere

ecosystem
c community
population
= prgan system

organ
tissue

cell
organelle

molecule

atom
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Obligately multicellular organisms — e.g., animals
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What pre-adapted the choanoflagellates to respond?
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