Fall 2007

BIOL/CHEM 6756 & BIOL 4746
DISCOVERY OF SIGNALING MOLECULES

Prof. Julia Kubanek, School of Biology and School of Chemistry and Biochemistry
Environmental Science and Technology Building Office: 2242 Lab: 2175
Julia.kubanek@biology.gatech.edu

Course summary: The diversity of chemical signals between organisms and their structural specificities
will be presented along with chemical and biological approaches for identifying signaling molecules.

This class meets on Mondays from 12:05 to 2:55 pm in Cherry Emerson 320. There is no textbook.
Required and recommended readings will be made available on WEBCT (webct.gatech.edu), and
students are encouraged to use library databases and the scientific literature to pursue topics in more
detail. Since there is no textbook and many of the sessions involve class discussion rather than formal
lecture, attendance and class participation are required.

Evaluation:

Mid-term test 25%
Literature assignment 20%
Final exam 25%
Student presentation 20%
Class participation 10%

The mid-term test will be based on material covered in lectures, class discussions, and readings up to
the date of that test. The final exam will be based on material covered throughout the course with a
stronger emphasis on later material.

The literature assignment will be a short paper written by each student (maximum 2 pages single
spaced, 12 point font), reporting on a recent article from the scientific literature (not a review) that each
student chooses by conducting their own literature search. The chosen article should be one that the
student found particularly interesting and important, and can focus on any area of chemical signaling
between organisms. In their paper, the student should present a brief overview of the field, report the
important findings of the chosen article, argue why this article represents an important contribution, and
critically evaluate its strengths and weaknesses.

The student presentations will be performed in pairs, with 40 minutes to present and answer questions.
Topics, chosen in consultation with the instructor, should be related to recent developments and/or
applications of chemical signaling. It is important to present experimental data and critical
interpretation of results. Topics from past years include: Natural Product-Based Chemical Weapons;
Signaling Molecules in Wound Healing; Insect Pheromones to Protect Crops; Settlement Cues for
Restoring Coral Reefs; Bioremediation by the Manipulation of Bacterial Quorum Sensing.

Class participation will be judged by the degree to which each student participates in class discussions
(by asking questions, answering questions, offering ideas, opinions, and critiques of readings), during
student presentations (by asking questions during others’ presentations, by engaging the audience during
their own presentation, by connecting their presentation to previous class discussions, by working
successfully in a small group), and during lectures (by asking questions and offering opinions).

Please see www.honor.gatech.edu for Georgia Tech’s Academic Honor Code, which you are required to uphold.
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Class calendar:

Fall 2007

Week | Date | Topic Reading assignment
(read BEFORE class)
1 Aug | Course overview and introduction: Molecules
20 as information in nature (lecture)
General classes of natural products and their
biological origins (lecture)
2 Aug | Human sex pheromones: Are there or aren’t Read both:
27 there? (discussion) Wedekind et al 1995
- critical evaluation of experimental Stern & McClintock 1998
design and results Find & bring to class:
- science vs. pseudo-science 1 article on human pheromones from
the popular (non-scientific) media
3 Sept | Sex pheromones & and receptor-ligand Read 1 of:
10 sensory systems in vertebrates (lecture & Novotny et al 1999
discussion) Leypold et al 2002
- what molecules are involved Liberles & Buck 2006
- where do these molecules come from
- how do these molecules create a signal | If you need background information:
- how does this signal affect behavior Buck et al 2000, Firestein 2001,
and physiology Brennan & Zufall 2006
4 Sept | Interactions of natural toxins with receptors: Read: Bricelj et al (2005)
17 Ecological and evolutionary consequences
(discussion)
Chemical cues in host-pathogen interactions: | Read both:
Natural antibiotics — their structures and Schittek et al 2001, Kubanek et al
functions (discussion) 2003
5 Sept | Why capsaicin tastes hot and menthol is cool: | Read both:
24 molecular basis for taste, smell, and McKemy et al 2002, Jordt & Julius
thermosensation (lecture & discussion) 2002
Background:
Lindemann 2001, Chandrashekar et al
2006
6 Oct 1 | (Literature paper due) Read: Mao et al 2003
Bacterial chemotaxis: How, why, and contrast
with eukaryotic signal transduction Background: Bourret & Stock 2002,
(discussion) Parkinson et al 2005
Chemically-mediated microbial-microbial Read both:
interactions (discussion) Kerr et al 2002, Queller et al 2003
7 Oct Mid-term test
15
The origin of signaling molecules: polyketide | Read: Chapter by Herbert on
biosynthesis in plants, microbes, and animals | polyketides
(lecture)
8 Oct Molecular approaches to polyketide Read both:
22 biosynthesis, polyketide-peptide biosynthesis, | McDaniel et al 1999
and an example from host-symbiont Piel 2002
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interactions (discussion)
Background: Cane et al 1998

The origin of signaling molecules: isoprenoid | Read: Chapter by Torssell on the
biosynthesis in plants, microbes, and animals | mevalonic acid pathway for terpenes

(lecture)
9 Oct Molecular approaches to isoprenoid Read both:
29 biosynthesis and an example from plant- Faldt et al 2003, Thulasiram et al
herbivore interactions (discussion) 2007

The origin of signaling molecules: shikimate | Read: Chapter by Herbert on the
biosynthesis in plants and microbes (lecture) | shikimic acid pathway

10 Nov 5 | The biological activity of tannins (shikimate | Graduate students to bring abstracts
products): A critical evaluation (discussion) and critiques of papers related to
tannins for discussion

So you have a signaling compound — how do
you determine its molecular structure?
Overview of approaches (lecture)

11 Nov | Synthesizing multiple types of data to identify | Read all 3:
12 complex natural products — examples from Boettcher & Ruby 1995, Chen et al
microbial quorum sensing (discussion) 2002, Chen et al 2004

Background: Miller & Bassler 2001

12 Nov | Student presentations
19

13 Nov | Student presentations
26

14 Dec 3 | Student presentations

Dec Final exam 8:00-10:00am
10 Cherry Emerson room 320

Reading list — articles available on WEBCT
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Brennan PA, Zufall F (2006) Pheromonal communication in vertebrates. Nature 444:308-315
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