Biology Lesson: Finding a Match
A Simulated Blood-Typing Exercise

Concepts

Bloodtype

o Gendics

e Antigens

e Antibodies

e Agguingion

¢ Donor/recipient matching prior toorgantrangolantation

Overview

Studentsuse smulated blood samplesto carry out ablood-typing activity to determine
potential donorsfor akidney patient in need of atransplant. Studentsthen completea
laboratory report and answer questionsrel ated to blood typing and the genetics of blood

type.

| ngtructional Objectives

Studentswill show an understanding of blood type and the genetics of blood typeand the
wider application of these conceptsto organ transplantation by—

e determining blood typesfor ninedifferent s mulated blood specimensin thecontext of
organdonation.

e examiningtheeffectsof mixingincompetibleblood typesand rd ating thistowhat happens
duringtissuere ectionfollowingamismatched transplant.

I ntroduction

Thislessonisastandard activity with atwist—blood typing taught in the context of organ
transplantation. Before using thislesson, makesurethat your studentsarefamiliar withthe
fundamental sof blood typing. (An optional conclusion question addressing genotypeis
provided.) Emphasizing the concept of blood asatissuewhilelearning about blood typing
and transfusi on can be used to clarify issues surrounding organ transplantation, rejection,
and the use of immunosuppressivedrugs. (See M atching Donor swith Recipientsand
Rejection.)
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M aterials

For the Class:

Simulated Anti-A serum
(blue)

Simulated Anti-B serum
(yellow)
Ninesimulated blood

samples labeled as

follows:

- Mr. Earle

- Child#1

- Child#2

- Child#3

- Child#4

- Child#5

- Child #6

- Child #7

- Child#8

For each of nine indi-

vidual teams:

One of the smulated
blood samples

1 glass microscopedlide
(or one 3-well blood-
typing tray)

2 new (e.g. unused)
toothpicks

Laboratory Report

For each student:
Student Packet

Black-linemasters
Student Packet (4.5)
Laboratory Report (4.6)
Answer Key (4.7)
Master Chart (4.8)
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V. B.

NOTE: Please note that
theinformation about
Mike Earle and hisfamily
that appearsin this blood-
typing activity has been
fabricated. Any similarity
to personsdead or aliveis
unintended.
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Preparation

1. Tomakesmulated blood, you will need four containers, each holding 100 ml of water.
Tothe 100 ml of water in each container, add about 25 ml of 25 percent Congo Red.
Next, label each container for one of thefour blood typesand add chemicalsto each
container asfollows:

e TypeA: add6gCaCl, (calciumchloride)

e TypeB: add2.5gBaCl, (barium chloride)
e TypeAB: add6gCaCl,and 2.5gBaCl,
¢ TypeO: no chemical added

2. To makesimulated antiserums, you will need two containers, each holding 100 ml of
distilled water. Label one container Anti-A serum and add one drop of bluefood color-
ing. Label the other container Anti-B serum and add onedrop of yellow food coloring.
Next, add chemical sto each container asfollows:

e Anti-A: add 1.06 g of Na, CO, (sodium carbonate)
e Anti-B: add 1.92 g of (NH,) , CO, (ammonium carbonate)

3. Pour thesmulated blood into nine label ed test tubes or dropper bottlesaccording to
thefollowing chart:

L abel Contents
Mr. Earle TypeA
Child#1 TypeO
Child#2 TypeO
Child#3 TypeB
Child#4 TypeA
Child#5 TypeO
Child #6 TypeAB
Child #7 TypeB
Child#8 TypeA

4. Placethe Anti-A serum and Anti-B serumin separatelabel ed dropper bottles.

5. Makeacopy of the Classroom Master Chart on your chalk or white board. Students
will usethischart to enter their resultsafter they determinetheblood type’ of their
sample. Asan dternative, you might makeatransparency of the black-linemaster pro-
vided and have students enter their resultson your overhead projector.
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Safety Tipsfor Preparing Smulated Materials

Wear safety gogglesat all timeswhen handling chemicals.

Calcium Chloride

- Avoid contact with skin or eyes.

- Donot ingest or inhale.

- Usewith adequate ventilation.

- Minimize dust generation and accumulation.

- Alwaysuse cool water when dissolving caciumchloride.

- When dissolving, add towater cautioudy and with continuousstirring;
solutions can get hot.

- Wash thoroughly after handling.

- Keep container tightly closed.

- Wash clothing beforereuse.

Barium Chloride

- Usewith adequate ventilation.

- Minimizedust generation and accumul ation.

- Avoid contact with skin and eyes.

- Donotingest or inhale.

- Wash thoroughly after handling.

- Wash handsbefore eating.

Sodium Carbonate

- Avoid eye contact or prolonged skin contact.

- Avoid breathing dust.

- When dissolving, add towater cautioudy and with continuousstirring;
solutions can get hot.

Ammonium Car bonate

- Avoid contact with eyes, skin, and clothing.

- Donot ingest or inhale.

- Wash thoroughly after handling.

- Remove contaminated clothing and wash beforereuse.

- Useonly inawell-ventilated area.

- Keep container tightly closed.

- Store protected fromair.

V. B.
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NOTE: Remind students
to use different and
uncontaminated toothpicks
to stir each blood sample.
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Procedure

1. Divideyour classinto nineteams. Distribute one of thelabel ed test tubes of “ blood”
that you have prepared to each team. (Oneteamwill receive Mr. Earle s“blood,” while
each of the other eight teamswill receivethe“blood” of oneof Mr. Earle schildren.)

2. Using the procedure steps outlined in the Student Packet, demonstrate the bl ood-typing
procedurefor the class. (Caution students agai nst confusing acolor changewith agglutina-
tion.) Thendirect eachteamtotest their “blood” sample.

3. After studentsexaminethe*blood” dropsfor signsof clumping (agglutination) and
determinetheblood type of their sampl e, ask one member from each teamto record their
team’sresult on aMaster Classroom Chart. (See step 5 of Preparation.)

4. Have each team copy theresultsfrom the master chart onto their copy of thelabora-
tory report.
5. Have studentsanswer the conclusion questionsindividual ly and attach

their answersto thelaboratory report for their team. (If your studentshave not
yet studied heredity, you may want to have them skip question#1.)

6. If timepermits, consider having the class discusswhy clumping occurredin some
samplesand not in others.

Scoring Rubric

Although strong group participationisthegoal, assessment isprimarily based onindividual
responsesto conclusion questions.

e  Obsarvationsof sudent’sconduct indicatefull participationintheactivity. Thelaboratory-
report formiscompleteand accurate. All conclusion questionshave been answered
correctly. 3 points

e  Obsarvationsof sudent’ sconduct indicate some participationintheactivity. Thelabora:
tory-report formiscomplete. All concluson questionshavebeenanswered. 2 points

o Obsarvationsof sudent’sconduct indicatelittle participationintheactivity. Thelaboratory-
report form may be completeand/or accurate, but student did littlemorethan observethe
other membersof theteam carry out the procedures. M ost conclusion questionshave been
answered. 1 point

¢ Obsarvationsof sudent’ sconduct indicateno participationintheactivity. Thelaboratory-
report form may be completeand/or accurate, but student did not participatein any way.
Conclusionquestionshavenot been answered. 0 points
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Background

NASHVILLE — Country singer Mike Earle, battling kidney failure,
Is resting comfortably while doctors conduct tests to find a suitable
transplant donor among his children, a spokesman said on

- Wednesday.

& October 1, 2003

Country singer Mike
Earleis “resting
comfortably” while
he waits for a kidney
transplant.

Today, the hospital whereyou work hasafamous patient. Country singer Mike Earleissuffering from kidney
fallureand you areahematologist on duty. It will beyour lab’sresponsbility to test blood samplesfrom Mr.
Earleand each of hiseight children to determinewhether or not there may be asuitable kidney donor among
them.

Finding akidney for transplantation ismore than just finding adonor whose blood type matchestherecipient’s
blood type. Kidney donorsand reci pientsmust al so have histocompatibility (tissue compatibility) antigensthat
match. That’sacomplicated second step. .. your job, however, isonly to determinethe blood types.

Four mgjor blood typesarefoundinhumans: A, B, AB, and O. Another component associated with blood type
isaprotein called the Rh factor becauseit wasfirst discovered inthe Rhesusmonkey. If thisfactor ispresentina
person’sblood, the blood issaid to be Rh positive (Rh+). Conversely, when thisfactor isabsent, thebloodisRh
negative (Rh-). Thisiswhy blood typesarereferred to asA+ or A—. While Rh factor isanimportant component
to consider in matching donor and recipient for blood transfusions, Rhfactor isnot involved in matching donors
and recipientsin kidney transplantation. For purposesof thisactivity, itisassumed that all family membershave
thesameRhfactor.
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Sudent Objectives

. Useablood-typing exercise asthefirst step in finding an organ suitablefor transplantation.
. Observethe effectsof mixing incompatible blood typesduring blood typing and rel ate these effectsto those
that occur during tissuereection following amismatched transplant.

o Use blood-typetest resultsfrom some membersof afamily to determinethe blood type of anon-tested
member of thefamily.
Procedure

1. Your team has been assigned to identify the blood type of one member of the Earlefamily. Working with your team,
place onedrop of “blood” from your individual on each end of aclean microscopedideor in each of twowellsof a
blood-typing tray.

Place onedrop of blood on each end of aclean dide.

2. Next, add onelargedrop of the Anti-A serum to one drop of blood and onelarge drop of Anti-B serumtothe
other drop of blood. Use onetoothpick to mix thefirst drop of blood with the Anti-A serum and the other toothpick to
mix the other drop of blood with theAnti-B serum. Why do you think it isnecessary to use different toothpicks?

3. Look for clumping (agglutination) in each drop of blood. Clumping usualy occurswithinthefirst two minutes after
adding theantiserum. (Do not confuseacolor changewith clumping.) If the donor/recipient has—

e type-A blood, clumping will only occur withtheAnti-A serum.
e type-B blood, clumping will only occur withtheAnti-B serum.
e type-AB blood, clumping will occur inboth drops.

e type-O blood, therewill be no reaction with either antiserum.

o —
Blood with Anti-Aserum | . ‘, Blood with Anti-B serum

A positivetest for typeB blood

4. After you have determined the blood typefor your sample, record it on the Classroom Master Chart your
teacher hasprovided. Usetheclass sentriesin thischart to complete alaboratory report for your team.

5. Completethe question sheet individually and attach your answersto your team’slaboratory report.
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Concluson Questions

1. Based ontheblood typesfor Mike Earleand hischildren, it is poss bleto determinethe genotypefor the
blood group for each member of the Earlefamily. (Eventhough your classdid not test Mrs. Earle' sblood, you
should be ableto determine her blood type based on the blood types of Mr. Earle and the children.) Each
member of your team should copy and complete Table 1.

Table 1. Blood Types

L abel Blood Type Genotype

Mr. Earle

Mrs. Earle
Child #1

Child#2
Child#3
Child#4
Child #5
Child #6

Child #7
Child#8

2. Assuming that everyonein Mike Earle sfamily hasthe same Rh factor, then onefamily member canreceive
ablood transfusion from any family member. Which person can receivefrom anyoneand why? (If your
teacher told you to skip question #1, do not consider Mrs. Earlein your answersfor thisquestion and
Question#3.)

3. Assuming that everyoneinthefamily hasthe same Rh factor, more than one person can donate blood to all
family membersregardlessof their blood type. Which family memberscan donateto everyoneand why?
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4. Mike Earle shigh blood pressure has contributed to hiskidney failure. Why ishigh blood pressureacommon
causeof kidney failure? Usean Internet search engineto answer thisquestion and explain the connection here.

5. Explainwhy akidney may bedonated by alivingindividual withlittlerisk tothedonor.

6. Antibodiescontained in antiserum cause the clumping of blood cellsduring the determination of blood type.
Explain how thisclumping comparesto the body’ srejection of amismatched organ.
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C. Bernard Kidney Transplantation Center

Hematology L aboratory
Preliminary Report

Date Technician(s)

Recipiert Mike Earle Blood Type

Potential Donors
Donor Blood Type
Child#1
Child#2

Child#3
Child#4
Child#5
Child#6
Child#7
Child#8

Possible Tissue Matches (List all donorswhose blood typeisthe sameastherecipient’s.)

Additional TestsRecommended (Check all teststhat should be completed on potential donors.)
L] L] L]

RhFactor Class| Histocompatibility Molecules Class|| Histocompatibility Molecules

TissueTyping
Thestrongest antigensthat can lead to transplant rejection arethe Class| and Class|1 histocompatibility
molecules. Genesfor these antigens are encoded on chromosome 6. The collection of genesiscalled the
maj or histocompatibility complex (MHC).

Testing for both Class| and Class |1 histocompatibility moleculesisrecommended asthe next step.
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1. Thecorrect genotype chart:

Table 1. Blood Types

Labe Blood Type Genotype
Mr. Earle A | A
Mrs. Earle B | B

Child#1 @] i
Child#2 o ii
Child#3 B | Bi
Child#4 A [Ai
Child#5 @] i
Child #6 AB |A1B
Child #7 B B
Child#3 A [Ai

2. Child#6 canreceive ablood transfusion from anyone because this person has neither Anti-A nor Anti-B
antibodies.

3. Children#1, 2, and 5 can donate blood to all siblingsand their parentsregardless of their blood type because
Type-O blood does not possess antigensfor either A or B.

4. Theheart of aperson with high blood pressureworks harder and, over time, blood vessel sthroughout the body
aredamaged. If the blood vesselsin the kidneys are damaged, they may stop removing wastesand extrafluid from
thebody. Theextrafluidin blood vesselsmay then rai se blood pressure even higher. Thisbecomesadangerous
cycle

5. Peopleonly need onekidney to cleansetheir blood. (Very strong evidenceindicatesthat peoplewithout a
predisposition to kidney disease—those with no diabetes, normal blood pressure, and normal kidney anatomy—
haveavery low likelihood of developing kidney failure after they donate akidney.)

6. Theclumping that occurswhen blood istyped is caused when antibodiesin the antiserum used to type the
blood attack antigenson the surface of red blood cells causing the cellsto clump together. Thisissimilar to what
happens when tissuerejection occurs. When organ donors and reci pients do not match, antigens on the donor
organ are attacked by antibodies produced by the recipient.
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Master Chart
Blood Type
e [

Blood Type

o [
N
o [
o [
o [
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