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Comments and Questions for 3D Molecular Designs Staff should be
entered into the Chat box.

Questions for the Speaker should be entered into the Q&A box.

W' Use the Raise Hand button to participate in discussion when applicable.

raise hand



R Dan Williams
i | BS, MA Biology
High School Teacher
NYS Master Teacher, SAR Biology STANYS

Shelter Island High School

Shelter Island, New York




Karen Avery

BA, MS Biology,
EdD Student, STEM Education

The Pennsylvania College of Technology
Williamsport, Pennsylvania

Instructor: Biology, Microbiology
High School Biology
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today? (workshop goals)

e==n Modeling

What makes a good model?

What can we learn from the synapse model?

What do you find difficult when you are teaching about cell
interactions?

Where do multidimensional models help with this topic?

How can you show cell communication, synapses, disruptions of

communication between cells and signal transduction using this
model?
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Laying the Foundation:
The Sodium Potassium Pump
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Welcome to the CBM!

MSOE Center for BioMolecular Modeling

MAPS Teams
Modeling a Protein Story

Sclence Olympiad
Protien Modeling Event

CREST Teams

At the Center for B lar M come first.
We work closely with talented science educators from across the US to

that make the bio:

Teacher Programs

create innovative instructional

Summer Professional understandable.

Development Courses
Reglonal Workshops

Check outthe CBM’s
Model Lending Library

Leamning Resources
Lending Library
Modeting Resources
3D Molecular Designs

0000
‘What's New?
About the CBM

30 o

Student Programs

CREST Teams

MAPS Teams Protein Modeling

Compettion Our undergraduate

modeling program in
which students study
and model cutting
edge research.

Our flagship outreach
program in which
students design and
3D print a physical
protein model.

A national competition
in which students
compete to build the
best protein model.

Teacher Programs

Science Olympiad CREST Summer Professional  Regional
Modeling a Protein Story  Protein Modeling Event  Teams  Development Courses Workshops  Library

LEARNING RESOURCES

Lending  Modeling 3D Molecular
Resources Designs

What's New From
the CBM?

0000

The AeroNab Story

A New Antibody MAPS
Module

This new MAPS Module will
focus on antibodies and their
role in our immune system.
With everyone's current focus on
a coronavirus vaccine, we
thought this would be a timely
topic. There are many

Learn More »
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Timothy Herman, PhD

* Director of the Center for
BioMolecular Modeling at MSOE

* FoundingPartner of 3D
Molecular Designs

* B.S.in Chemistryfromthe
University of Nebraska

* Ph.D.in Biochemistry from
Oregon State University.

* Post-doctoralstudies in
Molecular Biology at Harvard
Medical School.




Acetylcholinesterase (ACHE)
an enzyme active site




Evolution In Action
Emerging Insecticide Resistance in Mosquitoes

A three-dimensional molecular story about the acetylcholinesterase active site

Organophosphate insecticides are routinely used to control mosquito populations in areas where malaria
is endemic. Many of these insecticides target the enzyme acetylcholinesterase --- which normally
cleaves the acetylcholine neurotransmitter, and terminates synaptic transmission. A recent report by
Well et. al. (Nature, 423, pp136-137, 2003) described the molecular basis for this insecticide resistance --
- a Gly119Ser mutation. Because it is difficult to communicate the close-packed nature of an enzyme
active site, and the specific interactions between active site residues and the substrate/inhibitor with 2D
illustrations and computer graphics, we have constructed a physical model of this enzyme active site.
This space-filled model of the active site . ;

“‘unfolds” to reveal the catalytic triad of
active site residues Ser238, His480 and
Glu367. The substrate and inhibitor can be
alternatively docked into the active site.
Replacement of the normal Gly119
sidechain with a serine sidechain blocks
the binding of the insecticide, without
interfering with substrate binding. This
physical model is based on coordinates
from 1gon.pdb.

’\ Ct_:nter for This model can be horrowed from the MSOE Model Lending Library.
( BioMolecular
Modeling

www.msoe.edu/cbm An NIH NCRR SEPA Project
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Acetylcholinesterase

« globular structure
« deeply buried active site







Compara tiw.%' genomics
Insecticide resistance

in mosquito vectors
Resistance to insecticides among mos-

quitoes that act as vectors for malaria
(Anopheles gambiae) and West Nile

virns ( Culey niniens) emeroed maore than 25

brief communications
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Figure 1 Residual acetylchdlinesterase activity of susceptible (green squares) and resistant (black diamonds) mosquitoes as:

homogenates and lysates from transfected 52 cells in the presence of increasing concentrations of the carbamate inseqicide B

cells were transfected with the recombinant pAcS5.1/V5-Hs

which generates an amino-acid substitu-
tion: the GGC (glycine) codon at position

119, according to the nomenclature for Tor-

hﬂdﬁ n(‘PfVIFI’\ﬂ]I‘ﬁPC'I‘Pi‘QQF i< rPI\]ﬂFP(‘I I'\V an

gen) ether alone (purple circles) or with exoessther sensi-
: (black squares). Residual erzyme activiysayesl
iments were carried out using different voleinbsaté. c

sequences differed at 18 nucleotide posi-
tions, two of them being non-synonymous.
In the YAO strain, one mutation that resul-

tad in tha ranlacamant Af 4 wraline racidiis bar

Nature, 243, 136-137, 2003

tayed in




Part lll: Modeling Neurotransmission — A Cholinergic Synapse

Step 5 - The acetylcholine receptor opens to allow Step 6 - The enzyme acetylcholinesterase breaks
sodium ions to follow their concentration gradient the neurotransmitter down into acetic acid and
into the postsynaptic cell. Depolarization of the choline.

postsynaptic cell occurs and an action potential
may be generated in the post synaptic cell. Note:
the receptor also allows passage of Ca®* and K*.
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)-,, ==\ Don’t tell your students this

o story. e

..In 15 minutes

Instead, pose a series of challenges, or questions

What are some possible mechanisms of insecticide
resistance?

How might you analyze the acetylcholinesterase
enzyme found in insecticide resistant mosquitoes?
How might we prevent the emergence of insecticide
resistant mosquitoes?



Acetylcholinesterase Active Site Cube©

Enzymes in Action Kit© e gl

Thank you for attending!

e 400 Glu 367
©

N e
Acotvlch Serine

Substrat Mutation

Apply for a Summer Course
cbm.msoe.edu

Student
é Modeling Packs

Membrane Student
Modeling Pack

Stock Up Sale
Buy 4 or more for 25% off, 3
for 20%, 2 for 15%

™
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Invite your colleagues to register!

Proteins & the Protein Folding Problem

‘ ’ ;"&w
<« A 7 Proteins — Now that Everything has Changed
ﬁt,l} ' Wednesday, February 17,2021 at 6:00 PM Central
Chromosomes & DNA
’A_ﬁ. Making Connections Between DNA and Chromosomes!
Wednesday, February 24, 2021 at 6:00 PM Central
a2 gMho -
L SSF i T
Genome Editing, |
Tt A CRISPR—As an Adaptive Immune System in Bacteria
e i;‘ Wednesday, March 10,2021 at 6:00 PM Central
o
14

https://www.3dmoleculardesigns.com/Webinars4.htm



