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Quantitative Biology Initiative Quantitative Biology Initiative
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Quantitative Biology Initiative uantitative Biology Initiative
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itative Biolo
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OB Interdisciplinary PhD Progr

QB Interdisciplinary PhD Program

V Bioinformatics and Functional Genomics

(Note that these research areas are inherently interdisciplinary AQB&26; Introduction to Quantitative Biology Techniques; 1

and are not accommodated by standard programs)

AGuidance Committee: 2 members must be QB faculty

AComprehensive Exams: follows guidelines of primary unit

ATeaching: follows requirements of primary unit

OB Interdisciplinary PhD Prog

AQB829; Introduction to Physical, Mathematical, and
Computational Methods; 3 credits; for students coming from
a biology background; hands-on training in physical,
chemical, mathematical and statistical techniques with user-
friendly software packages; started Spring 2008.

AAn upper-level grad course in a field relevant to the goals of
the QB program and relevant

(requires approval by QB Director) such as QB830 Special
Topics in Quantitative Biology; 2 or more credits.

QB 827Problems in Quantitative Biology

Magda Makowska-
Grzyska

Andre Benard

Barry Williams

David Arnosti

Michael Feig

Dan Jones

Charlie Hoogstraten
David Weliky/postdoc

Frank Dazzo
Bob Hausinger

Analysis of dissociation constants: Surface plasmon
resonance

Finite element modeling

Evolutionary modeling: Selection in natural sequences

Systems biology and transcription networks

Modeling: from molecules to networks

Metabolite analysis: MS principles and applications

Analysis of dissociation constants: ITC

Studying membrane proteins: NMR, crystallography, IR,
& CD spectroscopy

Image analysis: CMEIAS principles and applications

Student presentations

credit; one-week intensive summer course, started 2007

AQB827; Problems in Quantitative Biology; 2 cr.; team-
taught lectures and hands-on activities related to the
approaches to address problems in QB; started Fall 2008.

QB 826: Introduction to Quantitative Biology Techniques

spectrophotometer linearity

Genomic DNA purification, Bioinformatics, genome Discussion about
PCR, agarose gel annotation interdicisplinary
electrophoresis research
Homology modeling of protein | Protein-ligand docking and

structures scoring

Enzyme/inhibitor assays Curve fitting, calculating Student paper

Ky and K;. Presentations

Students work in interdisciplinary pairs that change every day

QB 828: Biology for Interdisciplinary Scientists

scales, cell cycle, and typcal features f organisms) and biological
molecules.

A Thermodynamics and chemical kinetic theory are reexamined in the context

of cell biology.

A Among the topics covered will be protein folding and structure, molecular

machines, cell signaling and networks, and metabolic regulation.

A Atypical topic treatment might go from theory to useful experimental and

computational methods and will be illustrated with examples.



QB 829introduction to Physical, Mathematical, and
Computational Methods

results, and how to assess the strengths and weaknesses of the method.
A Seven major topics: V Basic statistics
V Statistical correlations, curve fitting
V Diffusion, protein size estimates
V Matrix methods, computational efficiency
V Kinetics,
V' Equilibrium, thermo/statistical mechanics
V Noise, noise reduction

A Each topic is explored using examples from biology.
A Organization: Two 50-min lectures plus one student recitation per week

A Homework: Problems to be worked in groups by computational modeling.
Mid-term exams, final exam, and online LON-CAPA quizzes

Exampl es of QB students

1 genomics analysis"

AMingWu ( CSE), fACell fate decision:
induced differential responses

AlLeann Buhrow ( CMB) , fAUnderstanding |

conformational changes in cytoc
A Patrick Ochieng ( BMB) , ARel ationships b
conformational dynamics, and ca

A Erica Schwander ( CE M) , -fiedolutiom stracture of the
membrane-associated influenza and HIV fusion proteins and
relationship of this structure to function.

OQBI: Structural Biology

PR spectroscropy
Optical spectroscopy
Biochemistry

Structure
Molecular dynamics
Structure prediction
Ligand docking

Dynamics

Function

Q Proposed RNA polymerase |l translocation mode
B T (Burton/Feig)
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QB Interdisciplinary PhD Prog

A (Nine are incoming students)

A Primary departments:
Biochemistry (1), Cell & Molecular Biology (1), Chemistry (4), Computer Science
(2), Epidemiology (2), Genetics (2), Math (1), Pathobiology (1), and Statistics (2)

Admission: two mechanisms.

1. The student can first be admitted to the primary unit and then
apply to QB

2. He/she can apply directly to QB and the program will work with
the student to identify and apply to an appropriate unit.

QB Interdisciplinary PhD Program

A Lead a module of QB 827: Bob Hausinger coordinates

A Help teach QB 828 or QB 829: Lisa Lapidus (QB 828)
and Bill Wedemeyer (QB 829) are teaching these courses
alone in the spring.

Contacts: QB 826: Claire Vieille at vieille@msu.edu
QB 827: Bob Hausinger at hausinge@msu.edu
QB 828: Lisa Lapidus at Lapidus@msu.edu
QB 829: Bill Wedemeyer at proteins@msu.edu

QBI: Structural Biology Faculty

Kroos Claire Vieille
i \ N\ Biochemistry
& Molecular

Philip Duxbury Biology

Chemistry
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Bagdasarian io istry), ,.' P ,Wei(’nurical

analysis)
Enzyme Reaction Mechanisms

Hausinger (biochemistry), Yan (NMR), Ferguson-Miller (biochemistry), Cukier
(simulations), Kuhn (modeling), McCracken (EPR), Beck (spectroscopy), Kroos
(biochemistry)

Nucleic Acids, Protein-Nucleic Acid Interactions, and Transcription Factors
Hoogstraten (NMR,EPR), Britton (Biochemistry), Feig (Simulations), Kroos (Biochemistry)

Protein-Ligand Interactions and Drug Design
Kuhn ing), Yan (NMR), ings i istry)

ot

Highlights

Ao 28

Schematic drawing of the

between the coupled
Time domain ESEEM ratio (top) deuterons at the Cand G
and Fourier transform (bottom) positions of taurine and the Structure of TauD active site.
for Fe(IINO-TauD treated with g axis, coincident with the The taurine protons and NO
aKG and &H-taurine with data FeN(O) bond. ligand were modeled into the
obtained under identical structure using the program,
conditions for Fe(HNO-TauD Refmac.

treated with akG and taurine.

al Biology Highlights

Crystal structures show change in cytochrome C oxidase in reduced state and sugge:
mechanism of opening and closing of a proton uptake path
FergusorMiller/Garavito/McCracken/other groups

Cug/Heme ag

Overview
active site

ovidized =
reduced = pink + gree

K-proton path
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Homology
Model of XanA

7 ( = Characterization of Active Site Variants o
b e B g0 “f&:"“ Xanthine Hydroxylase from Aspergillus
<Xy, ¢ b nidulans

C, i
...uaf‘{ Sl Arch. Biochem. Biophys. 470:4B (2008)
/{ c® [

Active site residues that were substituted

Highligh
New crystal structure of bovine cytochrome c oxidase shows conserved steroid bindi

in cytochrome c oxidase near region of proton uptake and suggests regulatory functio
FergusorMiller Biochemistry 47:9939933 (2008)




Bl: Structural Biology Highlights

Mutational studies
confirm functional
impt of residues
predicted from
structure.
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From our ignorance on several points,
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Yes: kin selection for mating market share
can lower the barrier to invasion

of sexually selected signaling
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to greater extremes.
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Why study Digital Organisms?

interstellar flight to provide us with a second.
we want to discover generalizations about
evolving systems, we will have to look at

artificial ones. 0

John Maynard Smith

Nature 355: 772-773 (1992)

B

10/9/2008

Nothing in Biology Makes Sense

Theodosius Dobzhansky
1964 and 1973

40 a8 02

log (pody area) (mm2)
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A Howdo developmentalmgnd physiological processes ::'Sntrol scaling
relationships?
A How do these processes evolve?

Digital Evolution Research

Research in the Digital Evolution Lab includes:
The evolutionary origin of biological complexity
Speciation and the formation of ecologies
Understanding fitness landscapes

Evolution of communication and collaboration
Origin and maintenance of sexual recombination
The early evolution of intelligence

Avida-ED for teaching evolutionary theory

An artificial Petri dish from
Avida. This population has
over 25k digital organisms

Aphylogeny visualization
from an Avida experiment
showing ecology formation.



