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Materials

Live Materid: Tetrahymena thermophila cultures, grown in 250 ml flask
Microscopes, compound - 1 per pair of students
Vortex mixers, 3 per lab
Hemacytometers, bright-line, plus cover dips- 1 per pair of students
Table top centrifuges, head to hold 15 ml tubes - 3
Spectronic 20, 600 nm - 3
Bailing water bath for diphenylamine - hot plate with water bath and test tube rack, foil cover
Temperature blocks - set at 90°-95° C
|ce buckets
Sharps containers
Test tube holders
Lab mat and scissors
Each pair of sudents will need the following:
Pastic (polypropylene) conica centrifuge tubes, 1 ml, with ml markings - 2
Pasteur pipettes and bulbs
Slides, coverdips
Fpumps, 1 ml 9ze
Pipettes- 5ml, 10 ml
P1000 Pipetman and tips
Beakers, 125 -250 ml sze
Parafilm, sharpies, scissors
Tedt tubes, for diphenylamine reaction (hold 4 ml)
Spec 20 tubes or disposable 13 x 100 mm tubes
Test tube racks

Solutionsin laboratory room

=

Medium A - 50 ml per bench, 3 per lab

Methyl green pyronin - 1 dropper bottle per bench

3. Medium B: 150 ml exactly of medium A in a200 ml squirt bottle.

Label Medium B, shake well.

Under hood: n-Octanol - 10 ml in adark bottle. Add 0.95 ml of n-Octanol to 150 ml of medium A
just before use; shake well before each use.

N
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Under hood

4.
5.
6.

TCA 5% - 75 ml per lab. Label CAUTION.
DNA Stock, 100 pg/ml - 25 ml per lab.
Diphenylamine Reagent - 50 ml per lab. Label CAUTION.

Solution Directions:

1

Medium A
Dispensein 50 ml diquots
1 liter 3liters

0.1 M Sucrose 34.23 g 102.69 grams
4.0% Gum arabic 200 ml of 20% 600 ml of 20%
0.0015 M MgCl, 0.142g 0.43 grams

0.01% Spermidine HCI 0.1g 0.3 grams

4.

Adjust the pH to 6.75 with IN NaOH. (If you use MgCloe6H20 - mol. wt. 203.3, use 0.304 g/l or
0.9145 ¢/3 liters, mol. wt. of MgClp is 95.23). This can be prepared in advance and frozen in

aiquots. For ordering: Spermidine Trihydrochloride, Sgma Chemicas S-2501.
Gum Arabic, 20% stock solution: (Acacia Powder, Mallinckrodt H173-61).
Centrifuge a 16,000x g for 10 minutes to remove particulate materia which interferes with the
nuclear preparation. Store in frozen aiquots in plagtic bottles.
Medium B
150 ml of Medium A + 0.95 ml of n-octanol, added just before use. Place 150 ml of Medium A ina
200 ml squirt bottle with a sdearm. Put 10 ml of nroctanol in a dark bottle. Store under hood. The
ingtructor can add octanol just prior to use in the [aboratory.
Methyl green pyronin—1 dropper bottle per bench
Dissolve 1g of the pure dye methyl green (Harleco) in 200 ml hot distilled water. With a batch of
methyl green that has the dye content given as 89% on the labdl, use 1.12g. When codl, transfer to a
separatory funnel and extract repeatedly with 30 ml diquots of chloroform until te chloroform is
colorless or nearly so. The chloroform removes the contaminant, methyl violet. Add 0.1 gram of the
pure dye pyronin Y (Eastman Kodak Co.) to 200 ml of the chloroform-extracted methyl green
solution. Shake well and dispense in dark dropper bottles. The staining solution can be stored for
severd monthsin adark bottle but it loses intengity after 6 months.
Culture Media

1 liter of 10x

Proteose peptone, Difco 1% 100 g
Dextrose (glucose) 0.2% 209
Y east extract, Difco 0.1% 109
Sequestrine (Ciba- Geigy Chem.) 0.003% 03g

Make media 10x, centrifuge 7000x g for 30 min. to remove insoluble particulate matter thet

contaminates the nuclel preparation. Store in appropriate sized aiquots at —20°C, or make fresh. Thaw,
dilute and gerilize prior to use. Each flask isinoculated with a 10 ml tube of Tetrahymena. Digtribute the
media in test tubes, 18 x 125 mm, screw cgpped, containing 10 ml medium, for inoculum, and 250 ml
Erlenmeyer flasks, screw capped, with 125 ml media, for class use.
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A note about Tetrahymena media: Proteose peptone is the basic growth medium; the additiond
ingredients are used to enhance growth and if not available can be omitted. Sequestrine is used to provide
iron. The origind recipeis 2% proteose peptone but we have been using 1% successfully.

5. Trichloroacetic Acid (TCA) 5% —make 1500 ml.

Dissolve 75 g TCA in 1300 ml water, with CAUTION. Bring the volume to 1500 ml. Dispense 75

ml per lab and label 5% TCA CAUTION on the bottle. Store in hood. (Note: Fisher salls 10% TCA

wiv, dilute in haf for 5%.)

6. DNA Stock, 100 ug/ml in 5% TCA

Add 10 mg DNA (eg., Deoxyribonucleic Acid from herring testes, Sigma Chemica Co. D-6898) to

100 ml 5% TCA. To dissolve, place the mixture in a 90°C water bath for several minutes and shake

well. Dispense 25 ml per lab. Do thisin the hood.
7. Diphenylamine Reagent

In a hood, dissolve 2.0 grams fresh diphenylamine in 200 ml glacid acetic acid and 5.5 ml

concentrated sulfuric acid. Make within 1-2 hours of lab. Dispense 50 ml per lab, labd

Diphenylamine CAUTION, and put under hood. Alternate storage directions. Stable 6 months at

2°C; warm to room temperature, and swirl to remix before use.

8. Tetrahymena thermophila culture.
(@ Log culturesof Tetrahymena

Inoculate one 10 ml culture (3—7 day culture, grown in liquid media on a dant for aeration) into
125 ml medium in a 250 ml Erlenmeyer flask. Grow a 26-28°C, shaking, for approximately 21
hours. Tetrahymena thermophila can be obtained from the author or American Type Culture
Collection (http://mww.atcc.org).

Equipment needed: Shaker or shaking water bath with adapters to hold 250 ml Erlenmeyer
flasks at 26-28°C.

(b) Stock Cultures of Tetrahymena thermophila.

Using derile technique, transfer 0.2-0.4 ml into 5-10 ml of 1% Proteose Peptone in a 15 ml
screw-capped culture tube. Screw the cap on almogt tight to retard growth. Store upright at
room temperature. Transfer every 46 weeks.

(c) Longterm storage

Autoclave a oy bean in 10 ml of didtilled water. Inoculate with severd drops of an actively
growing culture. Look for organisms & the liquid interface. Reinoculate these into 1% proteose
peptone.  Active cultures were obtained after 6 months. Tetrahymena must be grown in an
enriched medium (as 1% proteose peptone) before being inoculated into soy bean liquid.

Notes for the I nstructor

This laboratory was designed to give Introductory Biology lab students experience with cell
fractionation. Students isolate nuclel from a ciliated protist and determine the amount of DNA per
nucleus. The isolation steps are monitored with the stain methyl green pyronin which sains DNA ablue-
green (nuclel) and RNA arose-red (cytoplasm).

Comments on the Nuclear Isolation Procedure:
Initial Cdl Count
To save time the ingructor can fix and prestain Tetrahymena (2 ml cells + 1.6 ml 70% ethanol + 0.4

ml methyl green pyronin = 2x dilution). Shake gently to resuspend the cdlls for counting.
Commentson Selected Steps
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2. Observelive cdls, follow with staining. Methyl green pyronin takes about 10 min. to gain. Under 10x
objective look for cdlsthat are a degper purple color, most cells are pink. Once some good cells are
found, examine usng 40x objective.

The macro/micronuclei are blue and the cytoplasm purple-pink. (Don't confuse the contractile
vacuole for the nuclel.) The organisms are swollen because they are hypertonic to the medium + dye
solution. They are isotonic in the growth medium.

3. Soills Methyl green pyronin stains the lab benches and everything dse. Have students put their dides
on lab mat to absorb spills.

4. Resugpend the firm pellet (whole cdls) in 5 ml Medium A by pipetting up and down with a pasteur
pipette. This step washes out the growth medium; cells are in a medium that will be used in the next
step.

5. **CRUCIAL STEP** Medium B
[UNDER HOQD, add 0.95 ml octanol to 150 ml Medium A (in a Sdearm wash bottle) just before it
is used by the students. Octanal floats to the top, so SHAKE THOROUGHLY BEFORE USE.]
Resugpend the firm pellet of whole cdlsin 5 ml Medium B (SHAKE MEDIUM B VERY WELL,
possibly discard first few drops.) Resuspend cells by vigorous pipetting with the pasteur pipette then
either vigoroudy shake (40+ times) or intermittent vortexing for 1.5 min. Check to see that most cdlls
are broken (10x objective); switch to 40x objective to observe the blue nucle & debris. If the cells
are not broken then shake or vortex some more. If this doesn't work, add -2 ml of additiond
Medium B, or 1 drop of octanol to the tube.

Note: if it isdifficult to lyse the cdlls, dightly increase the concentration of octanol in medium B.

MEDIUM B: The octanol (dcohal that solubilizes the membranes) is not in solution but forms an
emulson. Shaking the cdlsis aform of homogenization and breaks up the cdls. Upon centrifugation,
the octanol emulsion floats the nonnuclear cdll condtituent (lipids-membranes) avay from the nucle
and forms an octanaol skin on the top.

6. Centrifuge 5 min at the highest peed. Remove the supernatant and skin at the top with the Pasteur
pipette but DON'T DISTURB THE NUCLEAR PELLET. Resuspend the SMALL pelletin1 ml
medium A, examine with the microscope and if there are too many whole cells repeat the Medium B
gep. (The SVIALL tightly packed white pellet is rich in macronuclel. Materids which don't pellet
(macronuclei, micronuclel, nonnuclear cell components) are found in the cloudy supernatant or in the
skin a the top of the tube. The Sze and tightness of the skin varies with culture age, degree of
blending, octanol concentration, etc.)

The supernatant can aways be shaken again, centrifuged to bring down the macronucle that didn’t
come down. There will dways be whole cdls and debris dong with macro/micronucle. Emphasize that
this procedure is not 100% perfect the first time.

Nucleic Acid Extraction

Centrifuge the combined nucle for 5 min. Polypropylene centrifuge tubes withstand the 90°C
treatment. Resuspend pellet in 3 ml TCA, then 90°C for 15 min. in temperature block, centrifuge 2 min.
and decant supernatant.
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Diphenylamine Reaction for DNA

Turn on boiling water bath, cover with foil (replace eveporated water as needed). Follow lab

directions.
FLOW CHART FOR EXPERIMENT

Tetrahymena Nuclear Isolation

2 tubesof 10 ml cels
examine, Sain drop

*xg highest gpeed 2 min.
discard Supernatant

resuspend pellet in 5 ml Medium A
(washes cdlls)

xg highest speed 2 min.
discard supernatant

Initial cell count
on fixed cdls

CRUCIAL STEP: Resuspend pellet in 5 ml Medium B, shake/vortex

examine under microscope so most cdlls broken (stain adrop)

xg highest speed 5 min.
discard * ki ', supernatant

resuspend small pdletin 1 ml Medium A
(can poal both tubes)
gtain drop, examine. Count on hemacytometer.
DNA Extraction
2 ml of nuclear preparation

pelet nude: xg highest gpeed 5 min.
di scard_wpernatant

3ml TCA, 90°C, 15 min.
xg 2 min., highest speed

Decant supernatant and KEEP

Diphenylamine Reaction use caution
Standard Curve
2 ml of Nudec Add Extract + 2 ml diphenylamine

boil 10 min., then into ice

Spectronic 20 @ 600 nm

*xg = centrifuge Student Outline

Nuclear count
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Cdl Fractionation
Introduction

One gpproach to analyzing the composition and function of the formed eements (organelles) in cells
involves isolating and purifying them and studying their properties. By this means specific cdlular
components can be localized to specific organelles and/or specific functions can be ascribed to specific
parts of cdls. This gpproach to studying cdlls is referred to as cdl fractionation. Unfortunately, cell
fractionation is not without its pitfalls. Removing organdles from their normd, in situ, environment can
change their properties. Often the cell fractionation procedures itsaf causes redigtribution of celular
components. Undetected trace contaminants in a seemingly pure cell fraction can cause misinterpretations
in the properties ascribed to the mgor component of that fraction. Any change in structure, composition
or function of an isolated organelle caused by the method employed in studying it is referred to as an
atifact. In soite of the fact that cell fractionaion (like most other methods of studying cells) produces
artifacts, this approach has played a very important role in furthering our understanding of cdls.

In this exercise, nucdle will be isolated from the ciliated protozoan, Tetrahymena thermophila
(Figure 4.1). It is a gmdl fresh water ciliate, longer than it is wide (50 x 30 um), with ord cilia a the
anterior end. Tetrahymena can be cultured under sterile conditions and using optima growth conditions,
each cdl divides in 25 hours. Tetrahymena has been used as a research aganism for sudies on
eukaryotic nuclear structure and function, ciliaformation, genetics and physiology.

Like most species of ciliates, this
organism contains two types of nucle, a
larger macronucleus (8-10 pum) and a
smdler micronudeus (1-2 pm). The
large  macronucleus contains  many
copies of DNA, syntheszes RNA,
controls the growth and phenotype of
the cell and does not participate in
sexud reproduction. The micronucleus
undergoes meioss and fuses with
another micronucleus during sexud
reproduction eventudly giving rise to a
new micro and macronucleus. The ~ - o - N
nuclear  fraction contains 90-95% o L L Kinely
macronuclear DNA. Both types of o s
nucle will be isolaed and the totd
amount of DNA per macronucleus will
be determined. The nuclear isolation
will be monitored microscopicaly using
the stain methyl green pyronin. Methyl
green stains DNA, blue-green, and Figure4.1. Tetrahymena thermophila.
pyronin stains RNA, rose-red.

Buccal cavity

Food vacuole

Macroruclews

Micronuclews

Y
N

Contractile vacuole
Cyto proc t
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A. Nuclear |solation

Prepare aflow chart of the nuclear isolation procedure before the [aboratory. Tetrahymena has been
growing in a gerile medium, shaking, for 24 hours a 28°C. Swirl the cdls to get an even digribution
before taking an diquot. Cells are heavier than the liquid and tend to sink to the bottom.

Cdl Count:Determine the initid cell count by counting cells that have been previoudy diluted 2x in methyl

green pyronin. Shake the tube to resuspend the cdls. Put a sample on a hemacytometer and

determine the #cdls/ml and the totd number of cdls. Counting directions are outlined on page 10.

When using methyl green pyronin, put your slide on several layers of paper towels or lab mat

on the lab bench so spillswill be absorbed and NOT stain the benches.

Prepare two conical tipped centrifuge tubes, with 10 ml of Tetrahymena culturein eech.

2. Place a samdl drop of the culture fluid on a cdlean microscope dide. Examine the cells under low
power. Put a coverdip on the drop and examine the cdls with the 40x objective (adjust illumination
to give maximum detail). Can you see the macronucleus? Can you see the micronucleus? What other
parts of the cdl can you see? Place a drop of methyl green pyronin staining solution on the dide so
that it can seep under the coverdip (removing a smal amount of solution from the opposite edge of
the cover dip with an absorbent paper), or mix a fresh drop of cells with a drop of the methyl green
pyronin solution. Examine cdls that have been killed and stained by methyl green pyronin. Mot cdls
are stained in 10 minutes. The macronucleus and micronucleus gppear atached; the micronucleus is
st in adepression of the macronucleus. Using the fine focus, digtinguish between the two nuclel. The
nucle are stained blue, the cytoplasm is stained a pinkish-purple color and the contractile vacuole is
stained a deeper pink. The contractile vacuole pumps water to the exterior and helps maintain the
cdls oamoatic pressure. Additional organdles as food vacuoles, pinocytic vacuoles and mitochondria
are seen inthe cell. Arethe cdls swollen in the methyl green pyronin dye? If so, explain.

SAFETY: Discard al dides, coverdips and Pasteur pipettes in the SHARPS container .

3. Separate the cdls from the growth medium by centrifuging for two minutes a the highest speed in the
table top centrifuge. Make sure the tubes are balanced. A centrifuge should aways be baanced by
placing equa volumes in equd sized tubes opposite one another. Spin the tubes for 2 min. There will
be a pelet of cdls and a clear supernatant with few or no cdls Immediady transfer the
Supernatant, either by decanting (pouring) or with a Pasteur pipet, from above the cell pellet to a
clean tube.

4. Carefully resuspend the pellet of cdlsin 5 ml of medium A. Medium A is made of
0.1M sucrose
4% gum arabic
1.5 mM MgCl,
0.01% spermidine HCI

Magnesum chloride helps dabilize DNA, postively charged spermidine dabilizes the nuclear
membrane, and sucrose and the polysaccharide, gum arabic, are included to provide an osmoticaly
balanced medium. Study a drop of the resuspended cells under the microscope. Do the cells look
norma? Centrifuge the cells 2 minutes at the highest speed on the table top centrifuge. Remove the
supernatant; the pellet of washed cellswill be used in step 5.

5. Medium B consigs of 0.95 ml of N-octyl acohol per 150 ml of Medium A and must be made
immediady prior to use. The octanal floats on top so thoroughly shake this solution before using
it. Octanal is a detergent used to solubilize the cell membrane. Medium B is in a squirt bottle; shake
the bottle and squirt Medium B into the centrifuge tube up to the 5 ml mark. Resuspend the pellet in 5
ml of Medium B by vigoroudy pipeting up and down with a Pasteur pipet. Place a smal square of
Parafilm over the top of the centrifuge tube and homogenize the cells by either (@) putting your thumb

=
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over the top and shaking the tube vigoroudy up and down about 20 times or (b) intermittent mixing
on the vortex mixer for 1 minute.

Check the sugpension, usng methyl green pyronin gain, to see that most of the cells are broken and
the macronuclel and micronuclel are rdeased. Can you digtinguish the two types of nucle (stained
blue)? Note whether the macronuclel appear to be intact or damaged. If there are few or no whole
cells, proceed to the next step. If many whole cells are present, repeat the homogenization. The
optimum level of homogenization occurs when dl of the cdlls are lysed but none of the nucle are
damaged; it israrely achieved. Make a reasoned decision about when to stop homogenizing.

6. Centrifuge the homogenate at high speed for 5 minutes. Carefully remove the cloudy supernatant and
floating “skin” on the top while not disturbing the nuclear pellet. Usually the more compact the “skin”
the better the nuclear preparation. Resuspend the nuclear pellet in 1.0 ml of Medium A, examine a
drop under the microscope with stain. How does its compaosition compare to the origina homogenate
and to the nuclear supernatant. If there are too many whole cells repeat the Medium B step.

7. Combine the two nuclear preparations of 1.0 ml each for atota of 2.0 ml and following the counting
directions on page 10 use a hemacytometer to determine the tota number of macronuclei/ml.
Remember to account for both a concentration and dilution factor. Put the cleaned hemacytometer on
the front bench - DO NOT DISCARD.

8. Examine the nuclear supernatant. Are there any nucleé remaining in the supernatant? What kinds? If
the time permits, you might wish to re-centrifuge the supernatant. Why?

B. Nucleic Acid Extraction

Pellet the nuclel (5 min., highest speed), discard the supernatant and resuspend the nucle in 3.0 ml of
5% TCA (Trichloroacetic acid) with a Pagteur pipette. Nucleic acids are soluble in TCA, proteins are
insoluble. Place the tube in a 90°C temperature block for 15 min., agitate the tube every few minutes.
This trestment dissolves out and partidly degrades the RNA and DNA. Centrifuge the tube at highest
speed for 2 min., and then carefully decant the supernatant containing the degraded nucleic acids into a
clean test tube.

C. Diphenylamine Reaction for DNA

The diphenylamine reaction is specific for 2-deoxypentoses and will be used to determine the amount
of DNA in the nucdle of Tetrahymena. The diphenylamine reagent contains acetic and sulfuric acid as
well as diphenylamine.

acid
DNA  ® 2-deoxyribose + purines, pyrimidine nucleotides,
heat pyrimidine nucleosides, H3PO4

2-deoxyribose is converted to w-hydroxylevulinyl ddehyde which reects with diphenylamine to form a
blue color that is read a 600 nm. A standard curve will be obtained from the four known DNA
concentrations and from this the nuclear DNA concentration determined.
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Procedure
1. Labd 6 test tubes and add the indicated amounts of each solution.
Find DNA Tetrahymena
Concentration | DNA Stock Nudec Acid A

Tube pg/ml (100 pg/ml) Extract 5% TCA 600 nm
Blank 0 - - 20ml

1 25 0.5ml - 15ml

2 50 10ml — 10ml

3 75 15ml — 05ml

4 100 20ml - -

5 - - 20ml

CAUTION: Use caution when handling TCA, the DNA stock which is dissolved in 5% TCA, and

SO~ WN

diphenylamine. Immediatdy rinse any spills. Goggles should be worn.

Add 2 ml diphenylamine reagent to each tube. Mix contents carefully.

Place tubes in a boiling water bath for 10 minutes.

Remove tubes and immediatdy immerse them in ice to cool quickly.

Turn on the Spectronic 20, set the wavelength to 600 nm.

Transfer the tube contents with Pasteur pipets to Spectronic 20 tubes. Read the absorbance at 600
nm. Plot the absorbance versus the known DNA concentrations (ug/ml). Determine the concentration
of DNA per Tetrahymena nucleus. Use the nucleus count that was determined in step A7.

D. Counting Chamber Directionsfor Counting Cellsor Nuclei

1

2.
3.

Obtain a sample of the 2x diluted cells or for the nuclear count, mix 0.1 ml of the nuclear sugpension
with 0.1 ml of methyl green pryonin gtain (2x dilution).

Place the clean, dry cover dip on the clean and dry hemacytometer.

Load both sdes of the hemacytometer with a long-tipped dispo pipet. Place a drop in the “V”

groove at the edge of the cover dip. Both sides should be filled independently (not with the same
pipet full). The cdls or nucle should be well suspended before putting on the hemacytometer. The
hemacytometer should be filled just to completion; if the coverdip is floating or there is an ar bubble
you must start over.

Place the hemacytometer on the microscope stage. Using 10x, find the ruled areas to make certain
that cells are evenly digtributed. Use the 10x objective for theinitia Tetrahymena count and the 40x
objective for the nuclear count. Both cedlls and nuclei can be counted on the 1 mm square. 1dedly,
count a least four of the 1 mm squares on each sde of the hemacytometer and at least 50 cells or
100 nuclei.

5. Determine the cdl or nuclear count.

#cdls

U A
#of 1 mm squares dilution” (1° 10 ) =# clgml
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For example:
Intwo 1 mm squares, 60 cells were counted. The cdlls were diluted 2x with methyl green pyronin.
#edlgml =0ES - > Giion” (17 10y
2 sguares
=60~ 10%cellgmi
=6’ 1050ells/ml

6

Total cells = (initial) 20 ml of cells 6° 10%ellg/ml = 12" 10%lls

*Multiplication factor: the volumefor a1l mm sgquare =1 mmx 1 mmx 0.1 mm depth =
0.1 mm3. The 1 mm square volume (0.1 mm3) times 1 x 104 = 1.0 ml

Dilutions and concentrations:

a. If you have to count more than one square, divide by the number of squares counted.
b. Remember to account for any dilutions you have made. Multiply the

#rc;ellls " dilution factor

c. If you have concentrated the cells, divide by the concentration factor.

E. Additional Information About Counting Chambers

A counting chamber is a microscope dide which is designed so that the cover dip rests a known
distance above a surface ruled with tiny squares of a known area. Thus, counting dl the cdlls that appear
ingde a square gives the number of cdlsin a known volume, and multiplying by an appropriate number
gives the number d cdlg/milliliter. Counting chambers are sometimes cdled “hemacytometers’ (Figure
4.2).

There are severd kinds of counting chambers, and each kind has different dimensions. Therefore, the
volume measured within each square, and the multiplication factor used to obtain cels/ml is different for
different chambers. It is very important then, to note the following:

A. The name of the counting chamber you are usng. A “Fuchs-Rosentha” chamber, for instance, has
different dimensons than an “Improved Neubauer” chamber, but al “Improved Neubauer”
chambers are the same.

B. Thetype of square you are counting. Most chambers have big squares, divided into smaller squares,
divided into even smdler squares. Y ou can count the cdls in any of these, but make sure the number
you multiply by to get cells/ml is gppropriate for thet Sze square, not alarger or smaller one.

C. The dimengons of the counting chamber from which the multiplication factor is determined. Written
on the chamber is usudly a set of dimengons: one is the depth of the chamber, and one isthe area of
the smdlest sguare on the chamber. Multiplying area (mm?) x depth (mm) gives the volume (mm3).
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Directions for converting cell counts to #cells/ml using an Improved Neubauer
hemacytometer:

The large 1 mm sguares have a volume of 0.1 mm3 (1L mm x 1 mm x 0.1 mm depth). There are nine

1 mm squares.
#edls _ #cdls 1 104)
ml largest square
Medium squares are one of the 25 medium squares (E, F, G, H, 1) found in the center millimeter
square.
#cells # cells . -
— = ————— (25 10
ml medium square ( )

The central square is divided into 25 groups of 16 small squares. The volume over each of the 16
small squares is 0.00025 mm3 (x 4000 = 1 mms3). Since 1 ml = 1000 mm3, then
#edls _ #cdls @ 106)
mil smallest square

1 mm square

1.0x10 4

Figure4.2. Hemacytometer.
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Each ruled area covers 9 square millimeters made up of nine 1.0 mm sguares, the centrd square
millimeter is ruled into 25 groups of 16 smdl squares. Each group is separated by triple lines, the middle
one of which is the boundary. The ruled surface is 0.10 mm below the cover glass, so that the volume
over asquare mm is 0.1 cubic mm.,

L aboratory Report

Y our |ab report should include (but not be limited to) the following questions.
1. Includeaflow chart and indicate what isin each pdlet and supernatant.
An example of aflow chart for the isolation of chloroplasts from spinach follows:

60 g spinach + 100ml sucrose

blend

spinach sugpension

centrifuge

50xg, 5 min. V\ discard pellet
Supernatant containing chloroplasts
centrifuge

600xg

10 min. S discard supernatant

y
pellet containing chloroplasts

N

Determine the origind # of cellsml and totd # of cdls at the begnning of the experiment.

Determine the concentration of nuclel (# nucle/ml) and totd # of nucle in the nuclear preparation (see

step A7 and Counting Chamber Directions).

4. Compare the tota number of cells a the beginning of the experiment to the tota number of nucle
recovered. What % of nucle were recovered? Which steps contributed to loss of nuclel and why?

5. Discuss the effectiveness of each step, artifacts produced, differential losses, purity, etc. Include

observations you made in A3, A6 axd A8. Discuss shortcomings you have noted in the procedure

and methods of improving the procedure.

In what types of experiments could isolated nuclel be used and for what reason?

Mot the DNA standard curve (A 600 nm vs pg/DNA) and determine the total DNA concentration of

your nucleic acid extract. Calculate the amount of DNA per nucleus.

w

No
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APPENDIX
Expected Results

Methods to calculate cdl and nuclear counts. based on cdll/ml or on tota volumes. Students have a
much easer time with calculations using total numbers of cdlls and nucle.
a) Cdl Count: 20 cdlsin 1 mm square

20 cdlls x 2x dil. x 1x10% = 4 x 105 cdlgml

4 x 105 cdlgml x 20 ml = 8 x 106 totdl cells
b) Nuclear Count: 50 nuclel in 1 mm square

SOnuclel _ . o gition” 17 10%= 17 10Phuclei/ml
10 conc.

1 x 105 nude/ml x 20 ml = 2 x 106 totd nucle
[Ancther way to caculate tota number of nuclei:
50 nuclei in 1 mm square x 2 x dil. x 2 ml totd volume x 1 x 104 = 2 x 106 nudd]

nuclei 27 106 3
cells ~ 8" 106 ~
nuclei _1° 10°
cels 47 105

c) % yield based on total counts = 25%

% yield based on nuclei and cells per ml = = 25%

d) To compute the amount of DNA per nucleus.

DNA STANDARD CURVE
4|
3_]
A
600 nm
2_|
1|
| | | |
25 50 75 100

g DNA/mI
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Typicd data
A 600 nm
25 ug DNA 0.11
50 pug DNA 0.22
75 pg DNA 0.26
100 pg DNA 0.34
Tetrahymena DNA (2 ml) 0.12

Reaction isdonein 2 ml: reed directly from graph.
Tetrahymena DNA Absorbanceggg nm= 0.12 = 33 pg DNA/mI

Tota DNA:
From standard curve, sample reads 33 pg/ml x 3 ml = 99 ug DNA
(Thenudd are dissolved in 3.0 ml TCA).

Tota Nudei: 2x108 nudei
99" 10 °gDNA
2" 10°nude
Actua amounts of DNA:  Macronucleus 0.8-0.9 x 10-12 g DNA
Micronucleus 10-12 x 10-12g DNA

=50~ 10_129 DNA per nucleus

DNA/nucleus =





