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1. Following is the schematic of a signal transduction pathway that is activated by the binding of a
Epidermal Growth factor (EGF), produced by one cell type, to its specific membrane receptor on a
target cell. The major steps involved in this pathway are outlined below:

» EGF ligand binds to the EGF receptor.

» Ligand bound EGF receptors become active through phosphorylation and homodimerization.
» Active GF receptor causes Ras to exchange its bound GDP for GTP and become active.

» Active Ras activates the kinase cascade (RAF, MEK and MAPK) through phosphorylation.

» This increases the expression of c-myc gene, which results in cell proliferation.
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You decide to engineer mammalian cell lines (Cell line- 1 & Cell- line 2), each expressing a specific
mutant variant of either the EGF ligand or the EGF receptor (EGFR).

» Cell line-1 has a mutation that results in the deletion of only the signal sequence of EGF

ligand.
» Cell line-2 has a mutation that results in the deletion of only the transmembrane domain of
EGFR.

You incubate each of these mutant cell lines with fluorescent antibodies that specifically bind either to
EGF or the EGFR. You then observe these cell lines under the fluorescent microscope to study the
localization of EGF ligand or EGFR.

a) In cell line- 1 where do you expect to find the EGF ligand (cell membrane/cytosol/cell culture
medium)? Explain your choice.

In the absence of the signal sequence the protein will be translated and stay in the cytosol since the
protein translation machinery will never be directed to the Rough endoplasmic reticulum (RER).

b) If cell line-2 is incubated with EGF ligand, do you expect these cells to proliferate? Why or why not?
The EGF receptor variant in this cell line has the signal sequence but lacks the hydrophobic /
transmembrane domain sequence. Therefore, this variant of protein will be secreted into the medium.
Thus the EGF receptor will not be available at the cell membrane to bind to EGF ligand and activate
Ras-Raf-MEK-MAPK kinase pathway that is required for cell proliferation.
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¢) Consider the following cells that have mutations in different components of the EGF signal
transduction pathway.
 Mutant 1 (m1): Ras protein that continues to stay in its GDP bound form.

* Mutant 2 (m2): RAF protein that lacks its kinase domain.
* Mutant 3 (m3): EGF receptor that lacks its extracellular domain.
 Mutant 4 (m4): MAPK that is constitutively phosphorylated at its active site.

 Mutant 5 (m5): c-myc gene that has a constitutively active promoter.

Complete the table for each of the following cells. Indicate whether c-myc is expressed and state the
change in cell proliferation relative to wild type cells in the presence of EGF.

Homozygous mutations in | c-myc Cell proliferation increased//unchanged/ no

the cell (i.e. both alleles expressed proliferation?

of the relevant gene are (Yes/No0)?

mutated)

Both m1 and m2 No No proliferation. Both Ras and Raf kinases are

constitutively inactive and so the cascade is never
turned on to enhance c-myc gene expression that
promotes cell proliferation.

Both m4 and m5 Yes Increased proliferation. c-myc will be constitutively
expressed owing to its constitutively active
promoter irrespective of the presence or absence of
active MAPK in nucleus.

Both m3 and m5 Yes Increased proliferation. c-myc will be constitutively
expressed owing to its constitutively active
promoter. This will not require upstream signaling
that is initiated by the binding of EGF with its receptor.

2. The wnt signaling pathway is one of the most important in biology. It is required for cell proliferation
and its inhibition leads to programmed cell death. As diagrammed below

» Whnt ligands bind to frizzled receptors.
» These receptors bind to disheveled (Dsh) and activate its function.
» The Dsh inhibits GSK3, a kinase.
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GSK3p phosphorylates the transcription factor -catenin (fcat). The phosphorylated p- catenin

is unstable and gets degraded.

» Thus wnt signaling inhibits GSK3f, promotes [3-catenin stability and translocation to the
nucleus.

» GSK3p can also be inhibited by addition of Lithium, acting through P13 kinase/ Akt pathway.

» Cyclin D gene transcription is activated by -catenin.

Compare the expression of cyclin D protein levels in the pairs of cells described below and explain your
reasoning. In each case both cells of the pair are treated with wnt ligand. For your answers you
should consider only those components that are shown in the schematic above or listed as bullet points
in the explanation and explain only in the space provided. You may ignore the effect of Lithium while
answering the questions. State the changes that will be elicited by the following mutations.

a) Mutant cells having a Frizzled receptor that lacks its ligand binding domain. Note: Ignore the effect of
lithium.

This mutation will prevent the Frizzled receptor from binding to the wnt ligand. The Frizzled will not be
able to activate Dsh, which is required for the inactivation of GSK3p. Therefore GSK3 will remain
constitutively active and will phosphorylate and promote degradation of g-catenin and prevent its
nuclear translocation that is required for the transcription of cyclin D gene. So no cyclin D will be
produced.

b) Mutant cells that express a constitutively active Dsh protein. Note: Ignore the effect of lithium.

Dsh will always be active irrespective of the presence or absence of wnt ligand. The active Dsh will
constitutively inactivate GSK3p. Hence the GSK3g will not be able to phosphorylate and degrade beta
catenin, which will now translocate to nucleus to enhance the transcription of Cyclin D gene. So cyclin
D will be constitutively produced.

¢) Mutant cells in which p-catenin lacks its GSK3p phosphorylation site. Note: Ignore the effect of
lithium

S-catenin will not be degraded by GSK3p irrespective of the presence or absence of wnt ligand. Hence
it will always translocate to the nucleus to enhance the transcription of cyclin D gene. So cyclin D will be
constitutively produced.
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