nano@illinois
Research Experiences for Teachers (RET) 
[image: ]

Module: “Stroke related ischemia” 
Modeling the use of gold nanoparticles for bioimaging cell membrane lipids in applied biomedical research


Diana Rodríguez Pérez
CROEM School- Department of Education of PR
2016-2017

Description:

The science of nanotechnology begins with solid particles called nanoparticles that are 1–100 nm in size. Shrinking the size of solid-phase particles to the nanometer scale (10-9 meters) is a useful tool in applied biomedical research. This module provides a sequence of simple activities that guide the learning process from the cell membrane structure through the function of ions channels and how applied nanotechnology can helps to determine the lipid composition nearby potassium channels in neurons and its changes after a stroke (CVA-cerebrovascular accident). It shows basic concepts of cell line cultures and how can be manipulated to study specific targets in a research project. 

Learning objectives:

· Describe the process to develop a cell line culture. 
· Explore the composition of cell membrane of the neuron and the function of potassium channels 
· Describe how membrane changes in terms of potassium channels in a neuron after a CVA.
· Explain how nanotechnology is a useful tool that can be applied in biomedical research. 
· Suggest on group discussions modification in experiments that can evidence different targets in research.

Concepts:
· Nanotechnology
· Cell line culture
· Transfection
· Synthesis chemical reaction
· Stroke (CVA- Cerebrovascular accident)
· Voltage-gated potassium (K+) channels
· Sphingolipids
· Cholesterol
· K+ channels/ER/PM junction
· Stroke (CVA-cerebrovascular accident)
· Ischemia
· Nanoscale secondary ion mass spectrometry (nanoSIMS)


Prerequisite knowledge/skills:
· cell structures and their functions (general)
· plasma membrane fluid mosaic model
· lipids
· isotopes 
· neuron 

Duration: Four days

Target grade level: High School
 
Target subjects: 
· Biology
· Biochemistry
· Chemistry
· Anatomy and physiology

Alignment with Next Generation Science Standards:


	HS-ETS1-4.
	Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on interactions within and between systems relevant to the problem.



	HS-LS1-6.
	Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar molecules may combine with other elements to form amino acids and/or other large carbon-based molecules. 



	HS-PS2-6.
	Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed materials.



	HS-PS1-8.
	Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy released during the processes of fission, fusion, and radioactive decay. 



Background: 

The endoplasmic reticulum (ER) is an important organelle present in all eukaryotic cells and contributes to the synthesis of membrane lipids and proteins. In health neurons, clusters of K+ channel clusters enhance the formation of endoplasmic reticulum /plasma membrane (ER/PM) junctions. Neurons use a variety of mechanisms to dynamically control their own signals. Regulation of K+ channel localization and function has long been recognized as a major mechanism to achieve dynamic regulation of neuronal excitability. 
Stroke is the third leading cause of death in the United States. More than 140,000 people die each year from stroke in the United States. Stroke is the leading cause of serious, long-term disability in the United States. Each year, approximately 795,000 people suffer a stroke. Ischemic stroke is characterized by the sudden loss of blood circulation to an area of the brain, resulting in a corresponding loss of neurologic function. The lack of oxygen that occurs during stroke is correlated with declusting of the K+ channels, and a loss of ER/PM junctions resulting in changes in its functions. 
The aim of the project in which this module is based, is to determine if the K+ channels /ER/PM junctions have a distinct lipid composition in order to identify possible target in the treatment of post-stroke patients. To achieve this aim a NanoSIMS microprobe was utilized. It is a molecule-specific imaging method that allows looking at the membrane itself and mapping a particular type of lipid on cell membranes. Lipids can be labeled with stable isotopes to the cells and then determine the distribution of the isotopes with high-resolution imaging mass spectrometry. 
 
Preparation time: (only for 2 activities)
 Days 2 and 4: 	30 min each day

Special Preparation notes for materials:

Day 2:  Is suggested to divide the students in small groups as lab teams and assign the virtual lab a week before work in the module. Please note these system requirements:
· For optimal performance use Chrome, FireFox™, Safari™ or Opera.
· In Chrome, the lab will run in full screen mode. Exiting full screen mode will pause the virtual lab. Clicking Resume re-starts the lab at the same point.
Please ensure that you dedicate at least 30 minutes to complete the lab in one sitting. There are no saving points in the lab.

https://www.thermofisher.com/us/en/home/global/forms/cell-culture-basics/cell-culture-basics-virtual-lab.html?status=200&form-submit-token=6969af36a4576b14089a8b132c3ec6

 
Safety: 	N/A

Waste disposal:

Day 4: Dispose the remained materials by recycling if possible or as regular trash.

Materials/supplies/equipment needed with example source listed/pricing/CAS # and contact information (supplemental sheet available) 
Day 4: Materials per group of students
· Construction paper 
· Yellow
· Black
· Red
· Blue
· Scissors 
· Liquid glue 
· Paper punch
· Fast dry corrector pen or marker
· Coffee cup lids (lift and lock)
· Ribbon (about 5cm long)
· Camera


Procedure/activity: 

Day 1. Neurons, cell membrane, ion channels and stroke 
A. Introduction: Organelles in eukaryotes cells 
· Review concepts about organelles
· Emphasis in:
· Plasma membrane 
· Endoplasmic reticulum

B. Demonstration: Ion channel on neurons SIM
· Facilitate a class discussion before using the sim. 
· Have the students play with the sim and tell them to write their ideas about the ions channels on neurons.
·  Important modeling notes / simplifications: 
Some gated channels respond to the presence of a certain substance (ligand gated), some respond to a change in membrane potential brought about by changes in ion concentrations (voltage gated), some respond to changes to tension in the cell membrane (mechanically gated), and some respond to light (light gated).   

· https://phet.colorado.edu/sims/html/neuron/latest/neuron_en.html

C. Stroke and research project description
· Use PowerPoint presentation supplied

Day 2. Cell culture basic virtual lab (optional - previously assigned)
LABSTER is a novel teaching platform for exploring the world of biotechnology.  The activity offers a fun and easy to use virtual training lab to introduce to cell culture. This virtual lab experience is designed for science enthusiasts students wanting to learn about cells. 
Web link: https://www.thermofisher.com/us/en/home/global/forms/cell-culture-basics/cell-culture-basics-virtual-lab.html?status=200&form-submit-token=6969af36a4576b14089a8b132c3ec6

Day 3. Isotopes and Gold Nanoparticles! 
Introduction (10 minutes)
· At the beginning of class start to introducing concepts of isotopes and stability prior use the simulation as demonstration.   This vocabulary activity helps to understand that atoms with the same number of protons but different masses are based on the number of neutrons present in the nucleus. Most of the words that will be defined (proton, neutron, atomic # and mass number, isotopes) are review and serve as a reminder about the atomic structure and how to calculate the mass of an atom.  As an alternative they can use their textbook to define the words. 

Teacher Demonstration (10 minutes)
· Go to the PhET website and using the simulation as demonstration.  

Independent Working Time (15 minutes)
· https://phet.colorado.edu/sims/html/isotopes-and-atomic-mass/latest/isotopes-and-atomic-mass_en.html
Students work in pairs.

Assessment (10 minutes)
· Discuss the results and application in nanotechnology
· Use PowerPoint provided
Review and Closing (5 minutes)
· Explain how isotopes are used to label specific structure on cells and gold nanoparticles. 

Day 4. Experimental design - Modeling experiment
This hands on activity allows the students to visualize the experimental design via a simple model 
Introduction (10 minutes)
Start to explain the model as useful tools in science.   Describe the experimental design that will be modeling.
· What is the lipid composition near the K+ channels on transfected cell membrane?
· Using molecule-specific imaging method that allowed looking at the membrane itself and mapping a particular type of lipid on cell membranes. Lipids were labeled with stable isotopes to the cells and then imaged the distribution of the isotopes with high-resolution imaging mass spectrometry. 
· Tagging K+ channels with avidin-conjugated conjugated to 13C-labeled colloidal gold affinity labels, which provide distinctive 13C-enriched ions that can be used to visualize the K+ channels.  The specificity of these affinity labels will be verified by using scanning electron microscopy (SEM).

[image: ]
· ER-Tracker Blue-White DPX:  Commercial dye that labels the ER.  We will detect presence of fluorine-19 to know the location of the ER.  This is just added to cells for 20 minutes and labels the ER, as shown in the microscope image.

· High-resolution imaging mass spectrometry

Explicit instruction for model (15 minutes)Gold nanoparticle

[bookmark: _GoBack](See suplemental sheet for “transfection”)
                                             [image: ]  Endoplasmic reticulum (ER)

· Metabolic labeling of plasma membrane with heavy isotopes
· Construction paper 
· 15N (black) for sphingolipids
· 18O (red) for cholesterol

· ER-Tracker Blue-White DPX
· Marker (if coffee cup lid is white) or pen corrector (if coffee cup lid is black)

· Tagging K+ channels with avidin-conjugated conjugated to 13C-labeled colloidal gold affinity labels
· Construction paper 
· yellow for gold nanoparticles
· Ribbon 
· 13C-labeled colloidal gold affinity labels
· High-resolution imaging mass spectrometry (NanoSIMS)
· Camera


Independent Working Time (15 minutes)
· Students work in small groups 
· Once they have finished take a photo of the models simulating NanoSIMS
Explain the model and how it can be improved (10 minutes)
· Each group shows their model 
Review and Closing (5 minutes)
· Display students' work 



Slide 1: (Day 1)



Slide 2: (Day 3) [image: ]

Slide 3: (Day 4)[image: ]


Links to the research articles and other resources:
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Teacher professional development opportunities includes teacher-focused lectures, mentoring, networking, poster sessions, ethics seminars, hands-on modules, STEM education issues, career choices, and resources for implementing a nano lab and curriculum. Teachers will develop modules to be disseminated widely and present their results. High-quality follow-up sessions and evaluation will be infused.
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