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Introduction

In this manual, we provide a new twist an old standard; namely,the biology teaching lab
that introduces students to the concept of mitosis (or cell divisimnyiewingslides ofonion
root tips. However, mstead ofusing a compound light microscope to vipvepared slides or
examinindive cells stained witlToluidine Blue, this manual describes way to use théab to
further introduce students tesome of thetechniquesinvolved inepifluorescence microscopy.

In particular we describe how tcstainleekroot tips (instead of onion root tipsyith Acridine
Orange(a fluorescent dy¢hat, whenbound to DNAglowsbright greenif excited by blue light
We thenexplain how toview the slides using relatively inexpensive, open source
epifluorescencemicroscope that wéavedevelopedcalledthe OPN Scopg-ig. 1)

Figurel. The 3Dprinted version of the OPN Scope (mounted on
an Olympus CH microscope
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In the process, studentshouldnot only receive the opportunity to learn the basics about cell
division (including idetifying cells in the various stages of mitosis), but also get the chance to
become familiar wittepifluorescence microscopya rathersophisticatedechnique thatis

often not available in a lab couramtil college(if not, graduate schogl

Plus, becausthe onion root tip labis such a staple in the biology teaching curriculurma,
believe thatmost instructorsshouldbe generallyfamiliar withthe exercise Indeed, numerous
papersand manualfavedescribel variations of this educational ativity over the years; both
in the literature (Woodard, 1948) andonline Marietta College2017;Nuffield Foundation
2017; Carbonj 201Q. Still other websites offer virtual labs, where students caviewimages
of dividing cellsaken from previously prepared slid€BheBiology Corner2017 The Biology
Projed, 2017;Marr, 2017;R0ssi 2017 Rutgers University2017;Davidson 2019.

Of course, unlike a virtual lathe activity described here affords students the opportunity to
develop theirown lab skills by preparing live celliltures for epifluorescence viewing
However, we havestreamlinred many of theunderlyingproceduresso that students cafocus
their efforts on searching fatdividingcells(which often proves to be the most engaging and
exciting part of the lab)Ultimately, we hope that ths exerciseavill provideboth anenjoyable
and educationaéxperience to studenté@nd, ideally their teachersas well) We further
encourageanstructors to experiment with different techniquestains, and celi® improve
uponthis activity, and welook forward toseeing some of the results

How a Basic Epifluorescence Microscopéorks

For those who are not familiar with how an epifluorescence microscope works, we explain the
basic principles behind the instrumentanr OPN Scope artiglevhich we wrote foiThe Journal

of Chemical Educatidn 2016 (Stewart and Giannini, 2016jowever, for readers who may not
have access to #t journal, we briefly summarize the key concepts here.

Specificallyin order to induce fluorescencan epifluorescence microscope sesahn intense

(but narrow) band of lightdown onto a givensample whichexcites electrons in the specimen

(Stewart and Giannini, 2016). As those electrons fall back todhg8iNR dzy R¢ &Gl 4S> (K
lightatalonger (and (G Kdza> f 26SNJ SYySNRHeov ¢ St SyaidKzI gKA
(Stewart and Giannini, 2016).

By way of illustration, as explained aboi\A that has beestained with the fluorescent dye

Acridine Orang will typically glow bright green whestruck byblue light Thus, toziew the

corresponding nuclei or chromosomes of cells stained with Acridine Oranggifluorescence
microscope firstsendslLJ2 6 SNF dzf 6KAGS f A3IKG G kKhabasdriyal v a SE
narrow band of wavelengthis the blue spectrum to pass (F&.left; Stewart and Giannini,

2016) @ CKFGO o0fdzS ftAIKG GKSY a0NA] SaalbuttteRA OK NRB A
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anticipatedgreen fluorescent light down ontde sample (Fig, middle). Upon reaching the
specimen, théblue lightexcites electrons in the Acridine Orange molecules &igottom),
which have bonded witthe DNA(and otherstructureg in the cells. As those electrons fall
001 R2gy (2 GKSANI GaINRBdzyRE
wavelength (and, thus, a lower energy) than the blue lipat wasused to excite the electrons

(Fig.2, bottom; Stewart and Ginnini, 2016. That emitted green light then travels up through

the microscopeand passethrough the dichroic mirroaswellas y aSYA adaai 2y FAL GSN
right) ¢ both of which letonly wavelengths in a narrow band of the green spectrum to pass (Fig.

2, top). Along the way, of course, the objective and ocular lenses in the microscope facilitate

the process by focusing the blue excitation light onto the sample and the emitted green light

for viewing (Fig.2; Stewart and Giannini, 2016)
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Figure 2 Examiningells stained with Acridine Orange, using an epifluorescence

microscope.

With respect to the mechanics of an epifluorescence microscope, typically, these instruments

house their excitation filter, dichroic mirror, and emission filter in a $iplaltic or metal

G Tt dz2 NB a O SspedifcalldsignéddNI Odzo S ¢
fit a particular type of microscope andew a particular type of fluorescent stauye, or tag
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Also, he microscopeghat house these filter cubesormallyhave a way to slide or rotateach
cube into(and out o) placefor epifluorescence or brigHield viewing. Of course, to learn
more about these instruments, readers can visit any number ofsited such ashe Leica
MicrosystemdFluorescence Microscopy w@age Nikon Mcroscopy U welpage on
Fluorescence Microscop@lympusFluorescencélicroscopy Resource Centand
ThermoFisher Scientific Wegage on Epifluorescence Microscope Bafimmame a few)

We have also included with this manual some of the Supporting Informationdror®PN

Scope article; specifically, thesupplement on how to 3D print one version of the instrument

(S1) along with the necessary CAD and STL files (S2 and S3, respectively) and the supplement on
how to build an alternate version t¢fie microscopeusing mainly PVC parts (S4)e hope that

the background information provided in these supplements will help readers become more

familiar withhow a simple epifluorescence microscope can be designed, built, and used.

Materials and Methods

At the outset, readers should know that, over the years, saveapers and manuals have
described variations of the onion root tip lab with varying degrees of sophistication. For
example, Woodard (1948) sets forth a number of detailed procedures for preparing cells using
the Feulgen techniguésee alsdMarietta Colleqge2017)while other online sourcedescribe

staining methods using Toluidine Blue or other dyédffield Foundation 2017;Carbonj 2010).

Although our protocols are similém some of the procedures set forth in those publications, we
have tried to streamline the process for students and teachers in order to reduce the amount of
time that it takes to prepare the cells for epifluorescence viewing, the amount of equipment
needd to prepare these cells, and some of the safety risks presented by these other
techniques. Most notably, wgand othershave found that it is noabsolutelynecessary to
incubatethe roottipsin a hot water bath (60C)as they sit in a container dfydrochloric acid

(HC) in order tolater see chromosomes in the dividing célsrolina Biologidé&staff 2016)
Consequatly, we do not include this step in our procedures, which not only eliminates the

need for the hot water bath itself, but also reduces the safety reslsociated withthe labsince

the HCI remains at room temperatutieroughout the exercise

Nevertheless, readers should still make surerewiewi KS &1 1 F NRaé¢ &aSOGA2Y o
and Acridine Orange are dangerous chemicals that can cause serious injuries if not used or

handled properly.Also, before lab, instructors and their students should read the Material

Safety Data Sheets ftinese compound# order to understand the risks posed by the

Anyone in lab should further wear the appropriate protective equipment (e.g., gloves, goggles,

lab coats, etc.) when working with HCIl and Acridine Orange sipesure to thessubstances

can cause severe injury or irritatigas well as other harmful effects)
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With that background in mindhe protocols for conducting this lab activity are fair
straightforward andwe describe them below.

First instructors shouldhavethe following itemson handfor studentsbeforethey beginthe
exercise

1 to 2 organic leeks (preparedughlyone week in advance as described below);
100 mL of M HClin anappropriate container (e.g., a glass bottle with a tight ¢ap)
100 mL of tap watealso in an appropriate container (e.g., a glass battle)

100 mL of Acridine Orange solution (50 m@giLa glass bottlevrapped in aluminum foil
with a tight cap(or other appropriate containgr and

1 1to 2 boxes of standard glass slides and corresponding cover slips.

= =4 =4 A

We recommend wrapping the bottle containing the Acridine Orange solution in aluminum foil
in orderto prevent any bleaching of the fluorophore by therrounding light in the room

before the exerciseOtherwise the nuclei and chromosomes of the cetisly not appear as
bright when viewed withthe OPN ScopeWe also use deionizedater to make our stock
Acridine Orange solution, but readers can use distilled water instead.

In additionto the items described abovewe list in Table 1 below the supplidgt each lab
groupwill need in order to conduct this educational activitgleally, each group should have
their own OPN Scopewhich should be mounted on a conventional compound light microscope
with a removable hea@S1) Alternatively, readers can makearsion of the OPN Scope using
mostly PVC partsSé),although making all of the necessary pieces and assembling the
instrument will likely require a woodworking or other similar tool shdp.addition, while not
absolutely necessary, we suggest thregtructors also provide their students with digital
microscope cameras and corresponding computers, so that students can take photographs of
their fluorescent cells. Students can further use these imégeseate a slide show or figure
depicting the vaious stages of mitoses part of a final lab reporposter,or paper for the

project
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Table 1. Necessary Supplies f@tach Lab Groufm Examine Leek Root Tips Stained with
Acridine Orange Solutiof60 mg/L)Using the OPN Scope

Qty  Item/Description

1 Compound light microscope with a
removable head (othe PVC version
of the OPN Scope

1 Set of 3Bprinted parts for the OPN
Scope (not necessary if usiadPVC
version of the OPN Scope

1 Fluorescece filter cube that
generates blue excitation light and
can view green emitted lighte.g.,a
GFFHilter cubewill suffice)

1 Highintensity (e.g., 1,000umens or
higher) tactical LED flashlight that
will fit into the OPN Scope

1 Digital microscope camera and
related software (optional)

1 Laptop or desktop computer for
viewing image$rom the digital
microscope camera (optional)

510 10 Glass slides and corresponding cov
slips

1to 2 Fresh (organic) leeks whose roots
were cut at least one week earlier
and havebeen regrowing in tap
water

http://pages.stolaf.edu/opnrlab/equipment/

Item/Description

1.0-M HCI

Acridine Orange solution (50 mg/L)

Tap water

Smallglass bottles or beakers (e.g..
10 mL)o hold the HCI, tap water,
and Acridine Orange solution

Pair of small scissors (to cut the lee
roots)

Pair of small tweezers

Squirt bottle or plastic transfer
pipette
Singleedged razor blade

Short length €.g, 4 to 6 inches) of a
wooden dowel (3/4inch diameter)
or a new pencil with a fresh eraser
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Step 1. Purchase freskorganic)eeksfrom a local grocery storsuper marketor coop(Fig.3).
We recommendising leekdecausene have experiencethore success finding dividing cells in
leek root tips than in onion root tipsin addition, we believe thatrésh organic leeks are less
likely to have been sprayed with chemicalsttbauld interfere with the growth of any roots

(compared to other commercial leeks that may have been treated with different herbicides or
pesticides)

Figure3. A fresh organic leek purchased from a local supermarket
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Step 2. Cut off the roots of théeek(Fig.4), making sure to leawv®ughly 0.5 cm of each
existing root intac{Fig.4C)since this should help expedite the growing process

PR

Y e | g
T‘Th i |TF~1’| vl

Figure4. Cutting the roots of a fresh leek toitiate the growing process (and, thus, cell
division). Make sure to leave roughly 0.5 cm of each existing root intact to faciléate
growth.

Step 3. Then, place théeekin a beaker filled with tap water, so that new roots can begin
grow (Fig.5A). If necessary, stick three or four toothpicks into the leek to suspend it in the
beaker (and, thus, keep its roots from pressing up against the glass bottom, which could
interfere with the growing process)\so,in our experienceit typicallytakes about one week
for new roots togrowlong enough for the lab. In additiowe have found thathese new roots
tend to growoff to the side, often at an odd angle compared to the stalks of the roots that
were previously cut (Fig. 5SBWhile the newroots are growingreaders should furthemake
sure to keep the beaker filled with fresh tap water, so that the leek does not dry out.
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Figure5. Growing new leek roots. (AJacing a fresh leek into a beaker
of tap water after cutting the roots(B)New leek roots growing after
roughly 1 to 2 weeks.
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Step4. After about severdays, cut ofthe ends ofsome of thenew leekroots and prepare
them for staining. Specifically, coff a new root(which should be fairly white in colofughly
1 cm fromits pointed end. Theruse a tweezers to placke rootinto a snall glassbottle or
beaker of H([1.0 M) and let it soak fo8 to 12minutes (Fig6, left), depending upon the
results of earlier pilot testsIn the interestsof expediency, wéurther suggest cutting off and
processing severalew leekrootsat once, so that students can prepare a series of slides in
advance gince someslidesmaynot contain cells in every phase of mitosiRelatedlywe have
found thatroots whichhave turnel a dull brown or appear somewhat fuzane likely too old to
be used in this lab activitand they may not contain many (or any) mitotic cells

Figure6. Preparing a leek root for Acridine Orange staining by first letting it soak-n 1.0
M HCI for & 12 minutes (left), then placing it in tap water for 10 minutes (middle), and
finally letting it soak in Acridine Orange stain (50 mg/LBfbseconds t@ minutes.

Step 5. After 8 to 12minutes have passedise a tweezers to remove theekroot from the HCI
andthen place it in a smaljlassbottle or beaker otap waterso that it can soak fat0 more
minutes (Fig6, middle).

Step 6. Oncethe leekroot has finished soaking the tap water, use a tweezers to remove the
root and place it in amallglasshottle or beaker of Acridine Orange (50 mgAhere it should
soak for30 seconds t@ minutes (Fig6, right), again depending upon the results of earlier pilot
tests Readers can further wrap the container of Acridine Orange in aluminurofprevent

any bleaching of the fluorophore from the overhead lights. This step, however, is not
absolutely necessary in order to view (or obtain useful photographs of) dividing cells.
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Note: If simply seeking twiew the cells usingnly bright-field microscopyreaders can let the
leek root sit in a small well or other container filled Wiitb%Toluidine Blue for 4 minutes
(Nuffield Foundation 2017;Carbonj 2010) Then, rinse the root bguccessivelplacing it in at
least two other wells or containers filled with tap water for at least 1 minute each.

Step 7. After the leekroot has finished soaking in Acridine Orarjgebeen rinsed following its
Toluidine Blue staining) use a tweezers to place the root onto a standard glass.slidesn, use

the singleedged razor blade to cut off the root tip, roughly 2 or 3 rfrom its pointed end (the
rest of the root can be discarded as chemical waste). Readers can further use thedoee
razor blade to gently tenderize the root tip (as if dicing it without actually cutting it into pieces),
which should make the tip easito squash. Nexgdd a small amount of watem top ofthe

root tip using a squirt bottle or plastic transfer pipett@hen, place a standabverslip over

the tip, andcrushor squasht by pressingtraightdown on the cover slip wita short wooden
dowel orthe eraser end of a new pencil. Flattening the rbptin this manner will make it

easier toviewthe cells under the microscope.

Step8. After the leek rootip has been squashed|gete the slidaindera microscopewhich
hasthe OPN Scopmounted on top (Figl). Then, turn on the LED flashligbtthe brightest
settingwith its telescopic head fully extendeslide the drawecontainingthe filter cubeinto
place, and look through the eyepiece to view the stained cells{Fidny nuclei and
chromosomes should appear bright green in color (BigStudents carurther connect a
digital microscope camera to a laptop other computer and take photogphs of their
fluorescent cells (Fig. 7). As part of this process, students can also search for cells in the
different phases of mitosis to put together a gallery of images as part datheroject (Fig. 7).

Step9. Once finished, make sure to cleap the surrounding work space and properly dispose
of both the HCI and Acridine Oran@® Toluidine Blue$olution as chemical wastéNone of
these items should simply be poured down any drains.

Results

Using the above protocolg,is possible to obtaisharp and vividmagesof leek root tip cells in
the various stages of mitosiEig. 7, and these results are similar to those that have be
previouslydepictedin the literature or onlineusing the Feulgen technique (Woodal®48) or
Toluidine Blue stainindMarr, 2017; Carbonj 2010)

Specificallyin our experimentswe haveconsistentlyseen cells undergoing prophase, where
the chromosomestartto condensdn the nucleugFigs. 7A and 7B); metaphaséhere the
chromosomes begin to align themselves along the center of the mitotic spindle (Fig3FJC
anaphase, where the chromosomes separatel move to opposite sides of the cell (Figs. 7G
and 7H); and telophase as well as cytokinesis, wheredtstartsto divide(Figs. 71 and 7J).
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Figure7. The stages of mitosias demonstrated by various leek ragi cells stained
with Acridine Orange (50 mg/L) and viewed at 400x total magnification using the 3D
printed version of the OPN Scofwith a Nikon BA filter cube)mounted on an
Olympus Ck2 microscope.(AandB) Prophase (C¢ F) Metaphase. (GH) Anaphase.
(¢ J Telophasend Cytokinesis Images taken using an OMAXMegaPixel digital
microscope camera and its related TOWRvgare.

Of course, not every slide that we have prepared has contained cells in each phase of mitosis.
Nevertheless, we have been able to find cells in several different mitotic phases on one slide.
Plus, we have found that preparing multiple (e.gor3}) slides at once affords more time to

search for cells under the microscope, and having several slides at the ready enables us to
quickly move onto the next slide once we have finished examining the current one. Usually, we
have been able to find dslin every phase of mitosis by examining between 2 and 4 shdeés
additional slides might be required depending upon the age and quality of the leek roots

Also, for schoolthat seek to usenly bright-field microscopswith their students the above
protocols can generatsimilarimages of dividing cells when the leek roots are stained with
ToluidineBlue (Fig. 8)and hese results aragainsimilar to other images that have appeared
online Marr, 2017;Carbonj 2010 or in the literature (Woodard, 1948)n particularfollowing
the above proceduresye haverepeatedlyseenchromosomes that were staineddarkblue or
a deeppurple in each of the various phases of mitosis (Fig. 8).

Of course, as with the leek rotps that had been stained with Acridine Orang& were not

always able to find cells Everystage of mitosis on one slide. Instead, at times, we needed to
search multiple slides to find examplescells in each one of the mitotphases. Thusas

suggested abovdnstructors may want to have their students prepare several leek root tips for
Toluidine Blue staining at the outset, so that more time can be dedicated to searching the slides
for dividingcells.
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