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QBI Symposium (10-8-2008)

ÅOverview of QBI (Bob Hausinger, slides 2-10)

ÅQB Graduate Program (Claire Vieille, slides 11-22)

ÅDescriptions of QBI Research Areas:

ÅStructural Biology (Michael Feig, slides 23-31)

ÅEvolutionary Modeling (Barry Williams, 32-40)

ÅBioinformatics and Functional Genomics         

(Shin-Han Shiu, slides 41-56)

ÅSystems Biology (David Arnosti, 57-72)

Quantitative Biology Initiative

Quantitative Biology and Modeling Initiative (QBMI)

Supported by a Strategic Partnership Grant
Co-Directors: Leslie Kuhn, Shelagh Ferguson-Miller, Bob Cukier

Center for Biological Modeling (CBM)
Supported by Research Excellence Funds

(QBI, 2007)

Quantitative Biology Initiative

The Quantitative Biology Initiative (QBI) is the 

umbrella organization for an interdepartmental and 

intercollegiate research program and the 

Quantitative Biology (QB) interdisciplinary graduate

program. 

ÅQBI coordinates campus research in 

interdisciplinary research areas that cross 

typical department boundaries. 

ÅIt provides cutting-edge training of graduate 

students in interdisciplinary research via the QB 

dual-major graduate program (initiated in 2007) 

and other dual-major programs. 

Quantitative Biology Initiative

Evolutionary Modeling

Systems Biology
Bioinformatics and 

Functional 

Genomics

Four Research 
Focus Areas

Structural Biology

Quantitative Biology Initiative

QBI Bylaws were developed and approved by 

QBI faculty (> 50 across campus)

ÅTwo Co-Directors elected (3 yr terms)

ÅResearch Director (Peter Bates)

ÅGraduate Education (Bob Hausinger), 

Director of the QB Graduate Program 

and oversees other dual-major programs

Å12-member Executive Council elected (3-year 

terms, 4 per year)

Quantitative Biology Initiative

ÅEight Committees: 
ÅGrad Recruiting (>10 students in 2008)

ÅGrad Fellowship (4 from Grad School)

ÅGrad Curriculum (QB826, QB827, QB828, 

QB829, QB830)

ÅConference (Transcription Regulation & 

Systems Biology; QSCP-13)

ÅSeminar (Science at the Edge)

ÅInfrastructure (Computing facilities)

ÅPublic Relations (Web site: Faculty list, 

Course info, Bylaws, Exec Comm notes) 

ÅDevelopment
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Quantitative Biology Initiative
Development Efforts to obtain Training Grant 

Support:
ÅHHMI-NIBIB proposal for an interdisciplinary Graduate 

Program (6-15-2005)

ÅNSF-IGERT ñBiomolecular Motion and Catalysisò 

preproposal (3-27-2006) and proposal (9-29-2006)

ÅNIH-T32 ñMolecular Biophysicsò proposal (5-10-2006)

ÅNSF-IGERT ñBiomolecular Motion and Catalysisò 

preproposal (4-5-2007) and proposal (10-5-2007)

ÅNIH-T32 ñMolecular Biophysicsò (5-25-2008)

ÅNIH-T32 ñGene Expressionò (assist GEDD) (5-25-2008)

ÅNIGMS Program Project on Fatty Acid/Protein Interactions 

(preproposal in preparation)

ÅNSF-STEM proprosal in QB for undergraduate minority 

students (preprosal in preparation with Drew program)

Quantitative Biology Initiative

Other QBI Research-Related Efforts:
ÅWork with the NSF UBM (Undergraduate 

Mathematics and Biology) program

ÅEducation component on a proposal to develop a 

Systems Biology Center at MSU

ÅPartner with UM/WSU/MSU effort toward CIMBS 

(Center at the Interface of Mathematical and 

Biological Sciences) proposal

ÅHelp to better coordinate the Bioinformatics

group on campus by working toward a summer 

2009 conference

ÅCoordinate with Cyber-Based Scholarship 

Initiative

Quantitative Biology Initiative

Possible long-range directions:

ÅDevelop an undergraduate component

ÅDevise a postdoctoral training initiative

ÅExpand to include other areas of 

Quantitative Biology

Quantitative Biology Initiative

Challenges:

ÅStaffing of courses

ÅFinding volunteers/time to prepare training 

grant proposals

ÅDevelop a more interactive community of 

Quantitative Biologists

ÅEvaluation of the QB program and overall 

success of the Initiative ïExternal Advisory 

Board

Quantitative Biology (QB) 

Interdisciplinary PhD Program

See more details at http://biomodel.msu.edu/

Director Co-Director
Administrative 

Assistant

QB Interdisciplinary PhD Program

Participating departments

Biochemistry & Molecular Biology Mathematics 

Cell & Molecular Biology Mechanical Engineering

Chemical Engineering Microbiology & Molecular Genetics

Chemistry Pharmacology & Toxicology

Civil & Environmental Engineering Physics & Astronomy

Computer Science & Engineering Physiology

Electrical & Computer Engineering Plant Biology

Epidemiology Statistics & Probability

Genetics Zoology

Å Dual-major PhD: The student must belong to a ñprimary disciplineò 

as well as QB; cannot major in QB alone.

Å Students must work on interdisciplinary research projects, under 

the guidance of two advisors with complementary areas of expertise
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(Note that these research areas are inherently interdisciplinary 

and are not accommodated by standard programs)

ÅCourses focus on current Research Areas of Emphasis:

VStructural Biology

VSystems Biology

VEvolutionary Modeling (with EEBB)

VBioinformatics and Functional Genomics

ÅGuidance Committee: 2 members must be QB faculty

ÅComprehensive Exams: follows guidelines of primary unit

ÅTeaching: follows requirements of primary unit

QB Interdisciplinary PhD Program

ÅQB826; Introduction to Quantitative Biology Techniques; 1 

credit; one-week intensive summer course, started 2007

ÅQB827; 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.

ÅCourse requirements: 

Å3 required courses

ÅOften accommodated within elective requirements

ÅNo more than 125% of the single-major course load

QB Interdisciplinary PhD Program

ÅQB828; Biology for Interdisciplinary Scientists; 3 cr.; for 
students from physical, chemical, mathematical, statistical, 

or computational backgrounds; learn the language and 
canonical questions of biology; starts Spring 2009.

ÅQB829; 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.

ÅAn upper-level grad course in a field relevant to the goals of 
the QB program and relevant to the studentôs own research 
(requires approval by QB Director) such as QB830 Special 
Topics in Quantitative Biology; 2 or more credits.

QB Interdisciplinary PhD Program

ÅThree options for third course:

QB 826: Introduction to Quantitative Biology Techniques

AM, biology lab PM, computer lab Evening 

Buffers, media preparation, 

pipetting, sterilization 

Unix basics, PyMol 

molecular visualization 

tool 

growth curve, standard curve, 

spectrophotometer linearity 

Microarray data analysis 

Genomic DNA purification, 

PCR, agarose gel 

electrophoresis 

Bioinformatics, genome 

annotation

Discussion about 

interdicisplinary 

research

Homology modeling of protein 

structures 

Protein-ligand docking and 

scoring 

Enzyme/inhibitor assays Curve fitting, calculating 

Km and Ki. 

Student paper 

Presentations

Instructors: Claire Vieille (MMG and BMB) and Maria Zavodszky (BMB)

Students work in interdisciplinary pairs that change every day 

QB 827: Problems in Quantitative Biology

This course introduces interdisciplinary approaches and methods that are used on campus to 
study problems in QB. Each module includes one or more lectures and is accompanied by 

some type of student activity. Near the end of the term, students submit a ~10 page proposal 
that incorporates approaches from the course followed by a short presentation to the class. 

Instructor(s) Topic

Titus Brown 

Magda Makowska-

Grzyska 

Andre Benard 

Barry Williams 

David Arnosti 

Michael Feig 

Dan Jones 

Charlie Hoogstraten 

David Weliky/postdoc 

Frank Dazzo 

Bob Hausinger 

Bioinformatics 

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 

Fall, 2 credits

Å Students learn the language of biology and understand biological concepts 

in the context of the canonical questions addressed by biologists. 

Å Students start by exploring major biological concepts (e.g., space and time 

scales, cell cycle, and typical features of organisms) and biological 

molecules. 

Å Thermodynamics and chemical kinetic theory are reexamined in the context 

of cell biology. 

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

machines, cell signaling and networks, and metabolic regulation. 

Å A typical topic treatment might go from theory to useful experimental and 

computational methods and will be illustrated with examples. 

QB 828: Biology for Interdisciplinary Scientists

Instructor: Lisa Lapidus (PHY)

Spring, 3 credits
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QB 829: Introduction to Physical, Mathematical, and 
Computational Methods

Instructor: Bill Wedemeyer (BMB and PHY)

Å Description: Hands-on training in existing physical, chemical, mathematical, 
and statistical techniques often used in biology research. Students learn what 
the methods can do, how to choose and use the methods, how to interpret their 
results, and how to assess the strengths and weaknesses of the method. 

Å Seven major topics:

Å Each topic is explored using examples from biology. 

Å Organization: Two 50-min lectures plus one student recitation per week

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

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

Spring, 3 credits Å Recruited one student last year

Å Recruited eleven students this year so far

Å Four more students have applied since the start of the year

Å (Nine are incoming students)

Å Primary departments: 

QB Interdisciplinary PhD Program

Recruitment

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.

Examples of QB studentsô research projects

ÅAhmet Ay (MTH), ñMathematical modeling and analysis of DNA 

transcriptional networkñ

ÅShaoyu Li (STT), "Genome-wide mapping of transcriptional 

abundance and inferring genetic networks by pathway-based 

genomics analysis"  

ÅMing Wu(CSE), ñCell fate decision: Dynamic modeling of cAMP-

induced differential responses in mesenchymal stem cellsò

ÅLeann Buhrow (CMB), ñUnderstanding ligand binding and 

conformational changes in cytochrome oxidaseò

ÅPatrick Ochieng (BMB), ñRelationships between structure, 

conformational dynamics, and catalysis in a hairpin ribozymeò

ÅErica Schwander (CEM), ñAtomic-resolution structure of the 

membrane-associated influenza and HIV fusion proteins and 

relationship of this structure to function.

QB Interdisciplinary PhD Program

How you can help

ÅHelp teach QB 826: One or several people to replace 

Maria Zavodszky

ÅLead a module of QB 827: Bob Hausinger coordinates

ÅHelp 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 

Goal: 

Molecular-level 

mechanistic view of 

biological function.

Structure

Dynamics

Function

Methods: 

X-ray crystallography

NMR spectroscopy

EPR spectroscropy

Optical spectroscopy

Biochemistry

Molecular dynamics

Structure prediction

Ligand docking

Proposed RNA polymerase II translocation mode

(Burton/Feig)

QBI: Structural Biology Faculty 

Michael Bagdasarian

Warren Beck

Gary Blanchard

Robert Britton

Robert Cukier

Philip Duxbury

Shelagh 

Ferguson-Miller

Michael 

Garavito

Robert Hausinger

Charles 

Hoogstraten

Lee Kroos

Leslie Kuhn

Lisa Lapidus

John McCracken

Jack Preiss

Gemma Reguera

Claire Vieille

Guowei Wei

David Weliky

Barry 

Williams

Honggao Yan

Bill 

Wedemeyer

Michael Feig

Eric Torng

Chemistry

Biochemistry 
& Molecular 

Biology

Microbiology 
& Molecular 

Genetics

Zoology
Computer 
Science & 

Engineering

Physics

Mathematics

mailto:vieille@msu.edu
mailto:hausinge@msu.edu
mailto:Lapidus@msu.edu
mailto:proteins@msu.edu
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QBI: Structural Biology Themes

Structure, Dynamics, and Function of Membrane-bound Peptides/Proteins
Ferguson-Miller (biochemistry), Garavito (crystallography), Weliky (SSNMR), Feig

(simulations), Bagdasarian (Biochemistry), Blanchard (spectroscopy), Wei (numerical 

analysis)

Protein Stability, Folding, and Structure Determination
Lapidus (spectroscopy, ultrarapid mixing), Wedemeyer (simulations/modeling), Garavito 

(crystallography), Yan (NMR), Vieille (biochemistry), Feig (simulations/modeling), Torng 

(algorithm development), Preiss (biochemistry/crystallography), Williams (biochemistry), 

Hausinger (biochemistry), Weliky (SSNMR)

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 (Modeling), Yan (NMR), Hausinger (Biochemistry)

The Structure of the Urease Activation Complexes Examined by Flexibility Analysis, 
Mutagenesis, and Small-Angle X-ray Scattering
Hausinger/Kuhn/others Arch. Biochem. Biophys. (2008) in press

QBI: Structural Biology Highlights

Time domain ESEEM ratio (top) 
and Fourier transform (bottom) 
for Fe(II)-NO-TauD treated with 
aKG and C1-2H-taurine with data 
obtained under identical 
conditions for Fe(II)-NO-TauD 
treated with aKG and taurine.

Schematic drawing of the 
geometrical relationship 
between the coupled 
deuterons at the C1 and C2

positions of taurine and the 
g|| axis, coincident with the 
Fe-N(O) bond.

Structure of TauD active site.  
The taurine protons and NO 
ligand were modeled into the 
structure using the program, 
Refmac. 

Probing the Iron-Substrate Orientation for Taurine/a-Ketoglutarate Dioxygenase using 
Deuterium Electron Spin Echo Envelope Modulation Spectroscopy
McCracken/Hausinger groups Biochemistry 46:5951-5959 (2007)

QBI: Structural Biology Highlights

Purification and Characterization of the Fe(II) and a-Ketoglutarate Dependent Xanthine 
Hydroxylase from Aspergillus nidulans
Hausinger/Feig/other groups Biochemistry 46:5293-5304 (2007)

Characterization of Active Site Variants of 
Xanthine Hydroxylase from Aspergillus 
nidulans
Arch. Biochem. Biophys. 470:44-53 (2008)

Homology 

Model of XanA

Active site residues that were substituted

QBI: Structural Biology Highlights

Heme a3 CuB/Heme a3
active site  

QBI: Structural Biology Highlights

Crystal structures show change in cytochrome C oxidase in reduced state and suggest 
mechanism of opening and closing of a proton uptake path
Ferguson-Miller/Garavito/McCracken/other groups

Rhodobacter Oxidase Bovine/Rhodobacter Overlay

QBI: Structural Biology Highlights

New crystal structure of bovine cytochrome c oxidase shows conserved steroid binding site 
in cytochrome c oxidase near region of proton uptake and suggests regulatory function.
Ferguson-Miller Biochemistry 47:9931-9933 (2008)
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SpoIIGA

SpoIIR

N N

SpoIIGA

SpoIIR

pro-sE

forespore

mother cell

sF

spoIIR

sE

QBI: Structural Biology Highlights

Combination of biochemical studies and modeling suggest that SpoIIGA is an aspartic 
protease that processes the transcriptional regulator sEinvolved in spore formation in B. 
subtilis.      Kroos/Feig J. Biol. Chem. 283:15287 (2008)

Predicted model of 
SpoIIGA with bound 

substrate based in part 
on HIV-1 protease.

Mutational studies
confirm functional 

importance of residues 
predicted from 

structure. 

Nothing in Biology Makes Sense 

Except in the Light of Evolution

Theodosius Dobzhansky 

1964 and 1973
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Kin selection gradient

phase plane,

without & with

kinship among

signalers

Yes: kin selection for mating market share 

can lower the barrier to invasion 

of sexually selected signaling

and drive signals (a.) and preferences (c*) 

to greater extremes. 
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Does kinship alter  the evolution of 

sexually selected signals & preferences?

Tom Getty

ñFrom our ignorance on several points,

the precise manner in which sexual selection acts 

is [still] somewhat uncertain.ò

C. Darwin, The Descent of Man, and Selection in Relation to Sex

Size Matters: The developmental regulation and evolution 

of  allometry in Drosophila

Alexander Shingleton

Peter Bates

Å How do developmental and physiological processes control scaling 

relationships?

Å How do these processes evolve?

Why study Digital Organisms?

ñSo far, we have been able to study only one 

evolving system, and we cannot wait for 

interstellar flight to provide us with a second.  If 

we want to discover generalizations about 

evolving systems, we will have to look at 

artificial ones.ò
John Maynard Smith

Nature 355: 772-773 (1992)

Digital Evolution Research
The Avida system is a research platform used for

experimental studies of evolution and ecology with

naturally-evolving populations of self-replicating

computer programs (ñdigitalorganismsò)in

complex computational environments where they

are subject to mutations and limited resources.

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

A phylogeny visualization 

from an Avida experiment 
showing ecology formation.


