Osmotic internalization of cell dyes for microscope imaging
Teacher Guide

Description of module: 

Students will use tonicity, methylene blue, and fluorescein to develop an experiment around dying plant cells for viewing under a compound light microscope.  The module includes variations on student guides that provide different levels of instructive guidance.  
Learning objectives:
As a result of completing this module students will:

· understand the properties of cell membrane transport using osmosis.

· identify basic cell structures using dyes.

· design an experimental procedure for improving cell dye uptake. 

· create a laboratory report of their experiment.

· evaluate their own protocol to identify areas for improvement. 

Alignment with NGSS Framework: 
Practices: 
Planning and carrying out investigations; Constructing explanations and designing solutions

Crosscutting concepts:
Cause and effect; Structure and function

Disciplinary core idea: 
LS1: From Molecules to Organisms

Target Grade Level:
Grades 9-12

Prerequisite Knowledge/Skills:
Students should have prior knowledge of how to use a light microscope and how to prepare a wet mount slide.   For optimal integration students will have previously learned fundamental cell structures and plasma membrane composition.  Students may have previously been oriented to principles of osmosis and the effect of solution tonicity on membrane transport or this activity may be used to introduce or expand on the topic.

Background: 
Researchers work on developing new systems for imaging cells using various dyes and fluorescing materials.  Researchers have worked with the relationship between tonicity and the cell membrane to integrate nano materials such as quantum dots (QDs).  QDs are able to fluoresce under certain wavelengths of light in order to allow us to see features of the cell that we might not be able to see otherwise.  By exploiting the natural movement of water into cells placed first into a hypertonic solution and then into a hypotonic solution for dye internalization students can explore the methods researchers use for facilitating cell internalizing of QDs.  .  Two common dyes, methylene blue and fluorescein, are safe suitable alternatives that can be handled in a school laboratory and observed used a traditional classroom compound light microscope.  Methylene blue can be easily viewed in standard light.  Fluorescein dye has a red to green appearance in standard classroom lighting depending on how dilute the solution is.  Under UV light fluorescein displays a bright neon green color that displays fine details well.  Additionally, the glowing microscope images bring a nice "wow" factor for the students.  
.  

Duration:
Four class periods

Day one: Orientation to Nano tech, QD’s, and cell imaging

Day two: Student experimental design/pre-teaching recommended procedure plans

Day three: Laboratory work

Day four: Discussion/assessment/conclusion

Day five: Teachers may wish to have students return to the lab to try alternate procedures based on the results from lab day one.  

Student Guides: 
Select a student guide option that best meets your goals and the degree of creative freedom you want to allow the students.  A guide on writing laboratory reports for this activity is also included for the module. 

· Student Guide A offers the greatest degree of written guidance for students.  A general procedure is provided along with detailed instructions for preparing samples.

· Student Guide B offers only a general procedure and lacks the instructions for preparing samples.  

· Student Guide C offers notes for preparing samples only.  It does not offer a general procedure.  Students using this guide should create an original procedure and have it checked by the teacher before they proceed.

Preparation time:
1.5 - 2 hours
Teacher preparation notes for materials and chemicals:
Dyes:

Fluorescein sodium salt dye is prepared according to label instructions: dissolve 0.1 g per 100 ml of water.  Reserve and label 50 ml of the prepared solution in a separate flask for use in another lab exercise.  Add the remaining 50 ml to a fresh 50 ml of water to make 100 total ml of fluorescein solution for this activity.  The solution can be portioned into smaller vials with disposable pipettes or into re-sealable dropper bottles.    

Methylene blue dye was used at the package concentration.  

Note: Students may wish to test various dye concentrations.  Consider offering various dilution alternatives as you see fit based on your student population.  
Salt solution:

Mix a 1M salt solution by adding 29.81 g NaCl to 500 ml DI water.  Mix a 5M salt solution by adding 163.51 g NaCl to 500 ml DI water. (http://molbiol.ru/eng/protocol/01_02.html#a24)

Cell material:

Celery should be fresh and kept refrigerated.  Students should slice paper thin samples for their procedure immediately before treating the sample with day.  Likewise, the aquatic plant should be kept in aquarium water until immediately before the sample is treated with dye and assembled on the slide for testing.  

Safety:
Chemicals:

Follow MSDS recommendations for all chemicals.  The dyes used in this procedure are generally considered to be safe.  Due to the staining properties of both methylene blue and fluorescein, standard PPE should be worn including apron, goggles, and gloves.

UV light:

According to the International Ultraviolet Association, standard glass only blocks UVB light. (https://www.iuva.org/uv-faqs)  Most UVA light will pass through standard glass.  Unless otherwise indicated by the microscope manufacturer, assume that UVA light is passing through the microscope ocular.  Students should wear UV protection safety glasses when viewing through the microscope any fluorescein samples that are being illuminated with the UV flashlight. 

Disposal:

Dyes can be flushed down drain with 10 times water.  (http://www.chem.tamu.edu/roadshow/assets/docs/chemboxes/fluorescence-and-its-application.pdf)

Cell samples can be disposed of in regular garbage.

Materials:
Celery and/or onion (white onion is recommended over red or yellow)
Anacharis elodea (or comparable aquatic plant variety)

flat toothpicks

methylene blue (Methylene Blue Staining Solution, 100 ml, CAS # 61-73-4, Carolina Biological Supply item # 87-5913, $17.65)
fluorescein (Fluorescein sodium salt, Reagent Grade, 100 g, CAS # 518-47-8, Carolina Biological Supply item # 86-3202, $19.75))
microscope slides

slide cover slips

1 ml plastic pipettes or droppers

scalpel or razor cuter

Deionized (DI) water

NaCl salt solutions (5M and 1M)

UV light flashlights (Available on Amazon, "Ultra Violet Blacklight 9 LED Flashlight Torch Light" at a cost of 5 flashlights for $5-12, not including AAA batteries)
UV protection safety glasses  (Clear, grey, and yellow tinted UV safety glasses are available through Amazon, Carolina, and multiple other retailers.  Be sure to select a product that specifically indicates that it blocks UV light.  For example, Ultra-Spec 2000 safety glasses and the Pyramex Fortress Safety glasses are available for $7-15 at multiple sites.)  
compound light microscopes

Recommended procedure for students:
· Observe fluorescein samples under microscope with UV flashlight shining up through stage opening.  Leave scope light off.  View only while wearing UV safety glasses.  See video demonstration for arranging UV flashlight and microscope. 
· Samples treated with methylene blue can be viewed using standard microscope lighting.  

Celery and/or onion cell treatment and preparation notes::
· Celery test samples should be cut extremely thin.  Students should slice a sample as a cross section of the stalk, aiming to cut as close to paper thin as possible.  A sample that is even 1 millimeter thick may yield an image that is difficult to focus.  

· Onion test samples should be created by peeling a paper thin layer of the onion to place flat on the slide. 

· Plant samples should be moved onto the slide using forceps in order to avoid contaminating the sample with skin oils or materials that may have contaminated the surface of a gloved hand while handling other materials.  

Anarchis elodea cell treatment and preparation notes:
· Elodea samples are prepared by carefully removing one leaf from a stem and placing the entire leaf on the slide.  

· Students should ensure that they have only one leaf as their sample.  Two or more leaves layered together will impede a well focused image. 

· Anarchis elodea can be found in most pet stores that deal in aquaria.  In some states the sale of elodea plants has been banned due to the plant being identified as an invasive species.  If elodea is not available in your area, select from other aquatic plants at the aquarium store by choosing a plant with thin, translucent leaves.  Students can cut a 0.5 cm2 from a larger blade shaped leaf.  Duck weed it not recommended.  

Epithelial cheek cell preparation and treatment notes:
· Due to the nature of the preparation process and the source of the epithelial cells, these samples rarely yield notable results.  However, the process of using human cells to test the dyes is very popular with students and provides an excellent avenue for the comparison of animal and plant cells.  

· Students use the broad end of a flat toothpick to gently rub the inside of their cheek.  This process collects dead epithelial cells from the mucous membrane lining of the mouth.  The toothpick and its sample should be gently rubbed on the slide to create a cheek cell sample smear.  

· Students should avoid chewing gum, brushing their teeth, or eating and drinking for at least one hour before taking a sample.  Sugary and salty foods consumed shortly before taking the sample can affect the control and the results of the test groups.  

· Remind students not to return a toothpick to their mouth after smearing on the slide and to throw their toothpick away in the garbage immediately. 

· Encourage students to work deliberately and with care in addition and removal of dyes and solutions to the sample slides in order to avoid loosening cheek cells from the slide.

General procedure:
1. As a control, place a cell sample on a slide and treat with 1-2 drops of dye.  View under a compound light microscope.  Write down detailed observations of this control sample. 

2. Prepare a second sample slide with a fresh cell sample.  Treat this sample for two minutes with the 1M NaCl solution.  Use a pipette or dropper to carefully remove as much salt solution from the sample as possible.  Apply 1-2 drops of dye to the sample and observe.  Record observations and comparisons to the control.

3. Prepare a third sample slide with with a new cell sample.  Treat this sample for two minutes with the 5M NaCl solution.  After 2 minutes, use a pipette to remove the as much salt solution from the sample as possible.  

4. Apply 1-2 drops of dye to the sample and observe.  Record observations and comparisons to the control as well as the 1M concentration treatment.  

5. Prepare a final sample slide with with a new cell sample.  Treat this sample for two minutes with the distilled water.  After 2 minutes, use a pipette to remove the as much distilled water from the sample as possible.  

6. Apply 1-2 drops of dye to the sample and observe.  Record observations and comparisons to the control as well as the prior treatments.  

7. Repeat steps one through six for each cell type you are testing.

Modification: If samples are stained too darkly, you may consider removing the dye solution after two minutes, then treating the cell with one drop of water and replacing under the microscope.  

Powerpoint Presentation talking points
(Talking points also included in presentation file.)
Slide 1: Students will use tonicity, methylene blue, and fluorescein to develop an experiment around dying plant cells for viewing under a compound light microscope.  

Slide 2: Students without prior exposure to the topic of microscopy should be provided with an introduction to the various types of microscopes and the possible uses in a laboratory and research setting.  

Slide 3: Resources that researchers will consider when choosing an instrument may include cost, available time to use a shared instrument, whether the specimen is to be observed while living, and at what magnification the specimen would be observed.  

Slide 7: Vist http://smithlab.bioen.illinois.edu/ for more information.

Slide 8: Antibody vectors conjugated to QDs attach to membrane proteins that allow for cell uptake of the QDs.  Electroporation utilizes a small electrical charge to make the cell membrane temporarily porous but can frequently kill the treated cell.  Nano injection is costly and time consuming with low throughput.  Cell endocytosis relies on the natural behavior of the cell but is difficult to control.  Utilizing osmosis is and membrane permeability is in the early stages of development.  

Slide 9: Students without prior exposure to membrane permeability, osmosis, and tonicity should receive a thorough introduction to these concepts in order to appropriately apply these principles to the develop of their experimental plan.

Slide 12: See teacher guide for talking points to consider sharing with students about cell preparation.   For an open inquiry plan, students might also test iodine or malachite green.

Slide 14: Methylene and fluorescein are generally considered to be very safe but will stain skin and clothing.   See the teacher guide for suggested sodium chloride solution concentrations.  

Slide 15: Most standard class blocks UVA light but most UVB light still passes through the microscope lens.  To achieve the greatest degree of precaution students should view the sample lit with UV light source while wearing UV protective glasses.  

Slide 16: Classrooms using this activity for open inquiry may consider providing only this presentation to guide students to developing a procedure.  Classes that are using a guided inquiry approach should offer students the student guide to aid procedure development.  

Slide 17: With patience and a steady hand a camera can be held to the eye piece of the microscope and positioned in such a way that a photo is possible.  Adapters for standard cameras and smart phone cameras are available for purchase online to make the process easier.  

Slide 19: For students without prior experience with laboratory reports, direct them to the student guide for an outline.  Teachers looking for greater guidance for students may wish to offer a form that students can fill out.
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The nano@illinois Research Experience for Teachers (RET) at the University of Illinois at Urbana-Champaign (from 2014-2017) exposes a diverse set of in-service and pre-service science, technology, engineering, and mathematics (STEM) teachers and community college faculty from across the nation to cutting-edge research in nanotechnology. The RET focuses on recruiting underrepresented minority populations (focused on ethnicity, geography, disability, and veteran status) including women and will target teachers from high-need areas, including inner city, rural, low-income, and those with significant URM students. Participants conduct research over 6 weeks in world-class labs with 4 follow-up sessions during the school year. 


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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