PABIO552 Cell Biology

Week 1.  The organization of the Cell
Day 1:  Introduction to the cell

Logistics of course
Movie of the cell http://multimedia.mcb.harvard.edu/media.html (if we can access--if not check it out where you have good internet!—very cool)
Introduction to the cell and its organelles, function of compartmentation, membranes, introduction to probes for microscopy 

Amy DeRocher: Mini-Workshop—practical microscopy
Required reading:  Alberts chapter 10, p. 617-629: the lipid bilayer

Interesting for those into fluorescent proteins: Shaner NC, Patterson GH, Davidson MW.

 Advances in fluorescent protein technology.J Cell Sci. 2007 Dec 15;120(Pt 24):4247-60. PMID: 18057027

Day 2: Nucleocytoplasmic transport
The nuclear pore and the nuclear envelope

GTP/GDP binding and protein interactions—a common theme in subcellular trafficking
Required review:  Terry LJ, Shows EB, Wente SR.

Crossing the nuclear envelope: hierarchical regulation of nucleocytoplasmic transport.

Science. 2007 Nov 30;318(5855):1412-6. PMID: 18048681 

Discussion Paper:  Satterly N, Tsai PL, van Deursen J, Nussenzveig DR, Wang Y, Faria PA, Levay A, Levy DE, Fontoura BM. Influenza virus targets the mRNA export machinery and the nuclear pore complex. Proc Natl Acad Sci U S A. 2007, 104(6):1853-8. PMID: 17267598 
Technique assignment:  if needed Immunoelectron microscopy or FRET/FRAP 
Optional paper for writing assignment—

Atasheva S, Garmashova N, Frolov I, Frolova E.

Venezuelan equine encephalitis virus capsid protein inhibits nuclear import in Mammalian but not in mosquito cells. J Virol. 2008 Apr;82(8):4028-41. PMID: 18256144 .    
Day 3: The secretory system: principles of trafficking

Entering the ER, folding, quality control, vesicular trafficking

Background Reading: Alberts p. 723-736; 750-765

Required review:  Mancias JD, Goldberg J.  Exiting the endoplasmic reticulum.

Traffic. 2005 Apr;6(4):278-85. Review.PMID: 15752134

Discussion paper: Gelsthorpe ME, Baumann N, Millard E, Gale SE, Langmade SJ, Schaffer JE, Ory DS.  Niemann-Pick type C1 I1061T mutant encodes a functional protein that is selected for endoplasmic reticulum-associated degradation due to protein misfolding. J Biol Chem. 2008 Mar 28;283(13):8229-36.  PMID: 18216017.

Technique assignment: western blot, metabolic labeling and IP
Optional paper for writing assignment: Chemical chaperones reduce ER stress and restore glucose homeostasis in a mouse model of type 2 diabetes. Science. 2006 ;313(5790):1137-40.

PMID: 16931765 
Additional reading

Strongly recommended review. If you can’t read it this week, try for next! Van Anken et al. 2005.  Versatility of the Endoplasmic reticulum folding factory.  Cr. Rev. Biochem.  Mol Bio 40:191-228.

Looking to the future--Pfeffer SR.  Unsolved mysteries in membrane traffic. Annu Rev Biochem. 2007;76:629-45. PMID: 17263661.

Day4: Metabolic organelles:mitochondria
Origin of mitochondria, mitochondrial protein import and function, mitochondria as drug targets, mitosomes and hydrogenosomes

Background material:  Alberts, Chapter 12, p. 713-720.

Required review papers

MacKenzie JA, Payne RM.

Mitochondrial protein import and human health and disease.  Biochim Biophys Acta. 2007 May;1772(5):509-23.  PMID: 17300922

Bohnert M, Pfanner N, van der Laan M.

A dynamic machinery for import of mitochondrial precursor proteins. FEBS Lett. 2007 Jun 19;581(15):2802-10. Epub 2007 Mar 12. PMID: 17376437

Discussion paper: Bradley PJ, Lahti CJ, Plümper E, Johnson PJ.

Targeting and translocation of proteins into the hydrogenosome of the protest Trichomonas: similarities with mitochondrial protein import. EMBO J. 1997 Jun 16;16(12):3484-93.  PMID: 9218791

Technique assignment—cell fractionation with density gradient centrifugation and marker enzyme assays

Optional paper for writing assignment

Tsaousis AD, Kunji ER, Goldberg AV, Lucocq JM, Hirt RP, Embley TM.

A novel route for ATP acquisition by the remnant mitochondria of Encephalitozoon cuniculi.  Nature. 2008 Apr 30. PMID: 18449191

Day 5:  Other metabolic organelles and function
Contrasting the case for protein import: peroxisomes and mitochondria; functions of metabolic compartmentation, the glycosome as a drug target, the apicoplast. Quiz on material from week 1.  

Background reading:

Alberts Chapter 12, p. 721-723 (peroxisomes)

Reviews: Platta HW, Erdmann R.  The peroxisomal protein import machinery.

FEBS Lett. 2007 Jun 19;581(15):2811-9. Epub 2007 Apr 9. Review. PMID: 17445803

Parsons M, Karnataki A, Feagin JE, DeRocher A.  Protein trafficking to the apicoplast: deciphering the apicomplexan solution to secondary endosymbiosis.

Eukaryot Cell. 2007 Jul;6(7):1081-8. Epub 2007 May 18. PMID: 17513565 

Week 2.   Signal Transduction, the Cell Cycle and Cancer - Lampe
Day 1: Signal Transduction/cascades (Dr. Paul Lampe)
Monday (7/7) – Post translational modifications-phosphorylation, ubiquitinylation, glycosylation, acylation

Phosphoantibodies, site directed mutagenesis Domains/consensus sequences

G proteins, RTKs, other kinases, phosphatases, kinase activators/inhibitors

Techniques: Constitutively active/dominant negative constructs, transfection, site-directed mutagenesis.

Reading: Molecular Biology of the Cell Chapter 15, 879-883,891-914.

Discussion paper: Kawasaki et al.  Ras signaling directs endothelial specification of VEGFR2+ vascular progenitor cells.  J Cell Biol. 2008 Apr 7;181(1):131-41 – focus on the signaling aspects of the paper, less on the developmental issues.

Day 2: Cell Cycle/Checkpoints/p53/Apoptosis
Tuesday (7/8) - (Dr. Joell Solan)  The cell cycle, cyclin dependent kinases, p53

Techniques: FACS, TUNEL staining.

Discussion paper: Amador et al. APC/C(Cdc20) controls the ubiquitin-mediated degradation of p21 in prometaphase.  Mol Cell. 2007 Aug 3;27(3):462-73.

Day 3: Scaffolds, ECM/junction biology
Wednesday (7/9) - (Dr. Joell Solan)  Scaffolds, ECM/junction biology


Oncogenes/tumor suppressor 
Multistage Carcinogenesis

Techniques: Mutagenesis assays, migration

Discussion paper: Lawlor ER et al. Reversible kinetic analysis of Myc targets in vivo provides novel insights into Myc-mediated tumorigenesis, Cancer Res. 2006 May 1;66(9):4591-601.

Day 4: telomerase, p53, HPV and cancer vaccines
Thursday (7/10) –(Dr. Denise Galloway)

Techniques: Telomerase assays, vaccine construction

Discussion paper: Feng et al.  Clonal integration of a polyomavirus in human Merkel cell carcinoma.  Science. 2008 Feb 22;319(5866):1096-100. - think about how one can find new virus/cancer associations, what evidence proves an association, what are the next steps.

Day 5: Cancer early detection, biomarkers, prevention, treatment
Friday (7/11) – (Dr. Paul Lampe)

Reading: Kohn et al. “Proteomics as a tool for Biomarker Discovery”  Disease Markers 23 (2007) 411-417.  

No Discussion paper, Quiz.

Techniques: Arrays, proteomics, genomics. 

For the writing assignment, pick one of these 3:

Varjosalo et al.  Application of Active and Kinase-Deficient Kinome Collection for Identification of Kinases Regulating Hedgehog Signaling.  2008 Cell133, Issue 3, 2 May 2008, Pages 537-548

Sakaue-Sawanoet al. Visualizing Spatiotemporal Dynamics of Multicellular Cell-Cycle Progression. Cell 132, Issue 3, 8 February 2008, Pages 487-498

Gupta Binding of Ras to Phosphoinositide 3-Kinase p110α Is Required for Ras- Driven Tumorigenesis in Mice.  2008  Cell 129, 957-968, 01 June 2007
Week 3. Cell biology of immunity—Hansen
Note: There are 4 choices for the required writing assignment.

July 14th: Antigen processing and presentation

Learning objective: To become familiar with standard and alternative modes of Ag presentation for both endogenously and exogenously derived proteins. Considerations for vaccine design.

Required Review: Jensen PE. Recent advances in antigen processing and presentation. Nat Immunol. 2007 Oct;8(10):1041-8.

Optional reviews: Cresswell P. et al. Mechanisms of MHC class I-restricted antigen processing and cross-presentation. Immunol Rev. 2005 Oct;207:145-57.

Discussion paper: Schnorrer P. et al. The dominant role of CD8+ dendritic cells in crosspresentation is not dictated by antigen capture. Proc Natl Acad Sci U S A. 2006 11:10729-34.

Iliyana: Overview of the paper and significance

Lynn: Presentation of the first figure

Techniques covered: Flow cytometry & cell proliferation assays

Optional paper for writing assignment: Bozzacco L, et al. DEC-205 receptor on dendritic cells mediates presentation of HIV gag protein to CD8+ T cells in a spectrum of human MHC I haplotypes. Proc Natl Acad Sci U S A. 2007 Jan 23;104(4):1289-94.

July 15th : Cytokine egress

Learning objective: To become familiar with novel approaches for examining CTL responses.

Required review: Anderson P. Post-transcriptional control of cytokine production. Nat

Immunol. 2008 9:353-9.

2 Discussion papers:

1. Sylwester Aw. et al. Broadly targeted human cytomegalovirus-specific CD4+ and CD8+ T cells dominate the memory compartments of exposed subjects. J Exp Med. 2005 5;202(5):673-85.

2. Vescovini R et al. Massive load of functional effector CD4+ and CD8+ T cells against

cytomegalovirus in very old subjects. J Immunol. 2007 179:4283-91.

Technique covered: Major techniques: Immunocytochemistry assays, surrogate assays for T cell degranulation (CD107) and additional techniques for flow cytometry

JEM Paper: Jenn-Outline background and questions and Iliyana: Brief review of the ICC

technique

JI Paper Katherine: Significance of the paper. Patrima: Brief description of the CD107

exposure technique

July 16th : Hematopoietic stem cells: application of HSC mediated gene therapy

Learning objective: To become familiar with HSC gene therapy, the process of HSC transplantation and considerations for safe and effective gene delivery using retroviral vectors

Required Background Reading: Trobridge G, Beard BC, Kiem HP. Hematopoietic stem

transduction and amplification in large animal models. Hum Gene Ther. 2005 16:1355-66.

Review: Aagaard L, Rossi JJ. RNAi therapeutics: principles, prospects and challenges. Adv

Drug Deliv Rev. 2007 59:75-86

Discussion paper: An DS et al. Stable reduction of CCR5 by RNAi through hematopoietic cell transplant in non-human primates. Proc Natl Acad Sci U S A. 2007 Aug 7;104(32):13110-

Techniques covered: Gene transfer (Foamy and Lentiviral) into HSCs, shRNA, std FACS

Patrima: Overview of the paper

Jenn: Presentation of first figure

Optional paper for writing assignment: Trobridge GD, Beard BC, Gooch C, Wohlfahrt Olsen P, Fletcher J, Malik P, Kiem HP.Efficient transduction of pigtailed macaque hematopoietic

repopulating cells with HIV-based lentiviral vectors. Blood. 2008 Jun 15;111(12):5537-43

July 17th: Cell Death

Learning objective: To become familiar with the different modes and outcomes of cell death

during intracellular infection.

Required review: Fink SL et al. Apoptosis, pyroptosis, and necrosis: mechanistic description dead and dying eukaryotic cells.Infect Immun. 2005 Apr;73(4):1907-16.

Excellent overview: Abbé K, Saleh M. Cell death in the host response to infection. Cell

Differ. 2008 Jun 20.

Review on NLRs: Shaw MH et. al. NOD-like receptors (NLRs): bona fide intracellular microbial sensors. Curr Opin Immunol. 2008

Discussion Paper: Mariathasan S, Weiss DS, Dixit VM, Monack DM. Innate immunity Francisella tularensis is dependent on the ASC/caspase-1 axis.J Exp Med. 2005 Oct

17;202(8):1043-9.

Techniques covered: Cell death assays: LDH release assay and TUNEL. Migration assay

chemotaxis)-Boyden chambers.

Lynn: Overview of the paper and significance

Katherine: Presentation of first figure

Optional papers for writing assignment

Suzuki T, et. al. Differential regulation of caspase-1 activation, pyroptosis, and autophagy

Ipaf and ASC in Shigella-infected macrophages. PLoS Pathog. 2007 Aug 10;3(8).

Master SS, et al. Mycobacterium tuberculosis prevents inflammasome activation. Cell Host Microbe. 2008 Apr 17;3(4):224-32.

July 18: Other topics in Immunology

Quiz on materials from week 3. Discussion: ELISPOT assays and tetramer staining.
Week 4. Subversion - Kappe
adhesion and invasion

viral life cycle

bacterial secretion

setting up house--modulation of host gene expression

