Student Name: Kaitlyn Hobbs		250806490  
BIOCHEMISTRY 3381a ASSIGNMENT	#2	
Instructor:  Dr. D. Litchfield (litchfi@uwo.ca)

Date Due:  FRIDAY December 2, 2016 (to be handed by the beginning of class*)
*No exceptions since the assigned papers will be discussed in class.

Assignment Objective:
This exercise will enable students to examine primary data that illustrates approaches for elucidation of signaling pathways and identification of cellular mechanisms that control composition, specificity and functional roles of signaling pathways.  From this example, students should be able to describe cellular mechanisms responsible for organization and regulation of specific signaling events and should be able to describe experimental approaches utilized to uncover these mechanisms.

Answers to the assignment are to be derived from the following papers (available on OWL):

A. Minden, A. Lin, T. Smeal, B. Derjard, M. Cobb, R. Davis, M. Karin (1994) c-Jun N-terminal phosphorylation correlates with activation of the JNK subgroup but not the ERK subgroup of mitogen-activated protein kinases.  Molecular and Cellular Biology, 14, 6683-6688

A.J. Whitmarsh, J. Cavanagh, C. Tournier, J. Yasuda, R.J. Davis (1998) A mammalian scaffold complex that selectively mediates MAP kinase activation.  Science, 281, 1671-1674

Provide short answers to the questions and briefly justify your answers (intent is that answers will be entered in the space provided)

Weighting of each question is as follows:
Question 1:  	1 mark
Question 2:	1 mark		
Question 3:	2 marks
Question 4:	1 mark
Question 5:	2 marks
Question 6:	1 mark
Question 7:	4 marks
Question 8:	1 mark
Question 9:	1 mark
Question 10:  	1 mark
Question 11:	1 mark
Question 12:   4 marks

Total:  20 marks (worth 5% of this section of the course)


It is recommended that you keep a copy of your assignment for study purposes and so that you can add to your responses as the Assignment is discussed in class.  Also, don’t forget your name.

Part A.  	The following questions (#1-7) are derived from the paper by Minden et al.

1.	Minden et al., employ comparative phosphopeptide mapping to examine the pattern of phosphorylation of c-Jun in response to a variety of stimuli.  On their phosphopeptide maps, what is the designation of the spots that correspond to peptides containing Ser-63 and Ser-73 (Figure 1 and elsewhere)?

	The spot labelled X represents Ser-73 while Y represents Ser 63.


2.	Which spots (comparative phosphopeptide maps on Figure 1) represent peptides that are phosphorylated by ERK1 or ERK2?   

Spots labelled b, c (phosphoisomers of the tryptic peptide in C-terminus), T1, and T2 (phosphoisomers of the peptide containing Thr-91, -93, -95) are phosphorylated by ERK1 or ERK2.


3.	What protein kinases are being measured using Myelin Basic Protein (ie. MBP) and GST-cJun (ie. G-cJ) as substrate (Figures 2 and 3)?  Which stimuli activate each of these kinases?   

JNK, a serine/threonine kinase was measured using GST-cJun as a substrate and ERK activity was measured using MBP as a substrate.
	UV irradiation and (to some extent) EGF stimuli activated JNK. 
	EGF and TPA activated ERK.


4.	How do different stimuli affect phosphorylation patterns of GST-c-Jun (ie. comparative phosphopeptide maps in Figure 3B)?  

Ser-73 was phosphorylated weakly in the control, mildly when exposed to TPA, and significantly when exposed to EGF and UV irradiation.


5.	Comparative phosphopeptide maps that were generated following stimulation of cells with EGF, UV or TPA are also shown in Figure 4.  How do these stimuli affect phosphorylation patterns in the comparative phosphopeptide maps shown in this figure?   

High levels of spots labelled b and c were phosphorylated by TPA (the C-terminal domain peptides), which inactivates c-Jun.
High levels of spots labelled X and Y (N-terminal domain Ser-73 and Ser-63) and low levels of spots b and c were phosphorylated by EGF and UV, which activates c-Jun.


6.	Were the experiments shown in Figures 3 and 4 identical?  If not, what are the differences?

[bookmark: _GoBack]	Although both experiments used the same treatments and phosphopeptide mapping procedure, the experiment in Figure 3 involved a solid-state phosphorylation assay and separation via SDS-PAGE to observe the regulation of JNK and ERK while the treatments in the experiment in Figure 4 were resolved horizontally by electrophoresis and vertically by ascending chromatography in order to observe the regulation of c-Jun.


7.	Which kinase(s) are responsible for the UV-induced phosphorylation of c-Jun?  Note:  refer to “Criteria for regulation by phosphorylation”.  

JNK1 and JNK2 are stimulated by UV exposure and result in the N-terminal phosphorylation of c-Jun at Ser63 and Ser73 residues.  As shown in Fig. 3(B), the response of c-Jun to various stimuli (TPA, EGF, and UV) influenced the level of Ser phosphorylation, which parallels the trend in JNK activity among each stimulus with a large phosphorylation present during UV exposure. Conversely, when TPA was present low levels of both JNK and phosphorylated residues on c-Jun were observed. The scientists also confirmed that JNK phosphorylated the same residues on c-Jun both in vivo and in vitro, thus confirming the regulation of c-Jun by JNK. 



Part B.  The following questions (8-12) are derived from the paper by Whitmarsh et al.


8. 	Which of the MAP kinases (ie. ERK, JNK or p38) bind JIP-1?  Justify this statement (ie. Figure 1).  

JIP-1 (JNK interacting protein-1) regulates JNK by suppressing the effects of JNK on apoptosis and malignant transformation. 

Justification: Figure 1 (A) displays the selective binding of JIP-1 to JNK1 and JNK2. High levels of JIP-1 in the immunoprecipitate correspond with the presence of JNK1 and JNK2.


9.	Which of the MAP kinase kinases bind JIP-1?  Again, justify this statement (ie. Figure 1).

MKK7 binds to JIP-1.

Justification: Figure 1 (B) shows coprecipitation analysis between MAPKKs and JIP-1. High levels of MKK7 in the cell lysate correspond to the presence of JIP-1 in the pellet.

10.	 Which of the MAP kinase kinase kinases bind to JIP? (Figure 2)	

MLK3 and DLK bind to JIP-1. 

Justification: Figure 2 shows the coprecipitation of MLK3 and DLK with JIP.


11.  	What is the main point of examining interactions with deletions of JIP-1 (Figure 3)?

To determine the binding site of the MAPKKs and MAPKKKs on JIP-1 and compare them with the binding site of JNK. It was found that the MAPKKs and MAPKKKs (MKK7, DLK, MLK3 and HPK1) bind to the COOH-terminal fragment of JIP-1, which differs from the JNK binding domain that was deleted.


12.	Propose (draw) a model that is consistent with the data presented in the paper by Whitmarsh et al. 
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