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Metabolism



Metabolism (continued)

(ATP formation)

http://bcs.whfreeman.com/thelifewire/content/chp07/0702001.html


Regulation via 
Phosphorylation

Phosphorylation and dephorphorylation regulate 
many key events
Cell cycle control
Signal transduction
Transcription



Cell Cycle

Four phases of the cell cycle:
Mitosis (M phase)
Gap 1 (G1 phase)
DNA Synthesis (S phase)
Gap 2 (G2 phase)
A fifth “phase”: G0 (quiescence)

G0



Cell Cycle Phases

M: cell division; each cell gets 1 copy of the genome
G1: cell growth; preparation for DNA replication
S: DNA synthesis (replication)
G2 : preparation for M phase
M phase animations: (1) (2)

http://www.cellsalive.com/mitosis.htm
http://www.biology.arizona.edu/cell_bio/tutorials/cell_cycle/cells3.html


Cell Cycle Control
Web animation (link)
Checkpoints controlled by proteins
Important group of checkpoint proteins are the cyclins
Cyclin levels “cycle” during different phases
Cyclins, by themselves, are inactive
Associate with cyclin-dependent kinases (cdk)
Cdk levels invariant throughout the cell cycle
G1 cyclin ― cyclin D (cdk4)
S-phase cyclins ― cyclins A and E (cdk2)
G2 cyclins ― cyclin B (cdc2 (cdk1))

http://www.cellsalive.com/cell_cycle.htm


Cyclins and cdks

Cyclins
G1 cyclin (cyclin D)
S-phase cyclins (cyclins E and A)
Mitotic cyclins (cyclins B and A)

Cdks
G1 Cdk (cdk4)
S-phase cdk (cdk2)
M-phase cdk (cdc2 (Cdk1)) 



Cell Cycle Checkpoints

Restriction
point, R

Cyclin D-cdk4

Cyclin B-cdc2 Cyclin A-cdc2

Cyclin A-cdk2

Cyclin E-cdk2

G2

M

G1

S

In molecular terms, 
passing R is the 

phosphorylation of the 
retinablastoma protein, 
Rb. Unphosphorylated

Rb binds the 
trasnscription factor, 

E2F; the 
phosphorylated form 

cannot bind E2F, 
thereby allowing E2F to 

modulate gene 
expression

Nuclear 
envelope 

breakdown; 
assembly of 

mitotic spindle; 
activation of APC 

Dissociation 
of APC; exit 

from M



Signal Transduction

Ensures that a signal 
is converted from one  
form to another

From the exterior of 
the cell to the interior

Retain original signal 
content



Steps in Signal Transduction

Signal is sent. e.g. hormone, non-steriod ligand (epinephrine)
Recognition of the signal by the cell via a receptor.
Receptors can be present on the cell membrane or in the
cytosol
Internal signaling molecules transduce and amplify the signal
Carried out via a signaling cascade, with multiple regulatory 
steps
E.g. Glycogen breakdown in response to epinephrine



Genes, RNA, and Proteins



Chromosomes



Mitosis

(Mitosis with music)

http://www.loci.wisc.edu/outreach/bioclips/CDBio.html


Chromatin
Packaging

Why does DNA in interphase “look”
different from DNA in mitosis?
Higher order of packaging
Mitotic phase: DNA packaged into
chromosomes
Interphase: DNA present as chromatin
“beads-on-a-string”
beads = nucleosomes
nucleosomes = DNA wrapped around 
histones



Mitotic chromosomes =
transcriptionally inactive
(heterochromatin)

Interphase chromatin =
transcriptionally active
(euchromatin)



Exons, Introns, Codons



The Genetic Code



Transcription and Translation

(Translation)

http://www.wiley.com/legacy/college/boyer/0470003790/animations/translation/translation.htm


Post-translational Modification



Eukaryotes vs. Prokaryotes



Immune Response

(Cells of the immune system)
(The cellular immune response)

http://bcs.whfreeman.com/thelifewire/content/chp18/1802001.html
http://bcs.whfreeman.com/thelifewire/content/chp18/1802003.html


Disease States

Diabetes
Cancer
AIDS



Diabetes

(Insulin and glucose regulation)
(Type II Diabetes video)

http://bcs.whfreeman.com/thelifewire/content/chp50/5002002.html


Cancer

(Oncogenes)
(p53's role)
(Nova - cancer programs)

http://www.learner.org/channel/courses/biology/archive/animations/hires/a_cancer2_h.html
http://www.learner.org/channel/courses/biology/archive/animations/hires/a_cancer3_h.html
http://www.pbs.org/wgbh/nova/cancer/program.html


AIDS

(AIDS video – Kaiser)

(HIV lifecycle - Johns Hopkins)

http://www.kaisernetwork.org/health_cast/hcast_index.cfm?create=high_windows&linkid=1&display=detail&hc=1187
http://www.hopkins-aids.edu/hiv_lifecycle/hivcycle_txt.html


Additional Reading

Molecular Biology of the Cell, 3rd ed., Alberts et al.
Biochemistry, 5th ed., Berg, Tymoczko, Stryer
Biochemistry, 3rd ed., Voet & Voet
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