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ltem ~ Quantity Description
] 1 Pkg./200 Blue beads
2 I Pkg./200 Green beads
3 1 Pkg./200 Red beads
4 1 Pkg./200 Orange beads
5 1 Pkg./200 White beads
b 1 Pkg./200 Yellow beads
7 1 Pkg./200 Purple beads
8 1 Pkg./200 Black beads
? 1 Set/12 Teacher’s set/Large links 7 colors)
10 1 Guide Booklet

OVERVIEW /SUGGESTIONS FOR USE

This kit provides teachers with @ fun, hands-cn way to help students conceptualize comoliex events of
molecular biology. Each of the exercises described in this beoklet simulctes or represenis a biological
crocess or reaction. In most of the exercises, the pop beads and large links represent molecules, pro-
teins or genes. Concapts coverad include DNA sequencing, amino acid chains, the genetic code, cal-
lular division, coenzymes, subsircies, inhibitors, recombinant DNA, PCR techniques, mitesis, meiosis,
gene therapy and more.

Some of the exercises, such s the “Cellular Spy” (Exercise 7), challenge students to use their creative
and problem-solving abilities; others, such as “Prime Time Enzyme Simulation” (Exercise 9] and
“Nucleic Acid: Molecular Architecture and Function” [Exercise 3) invoive inferaction with class mem-
bers; still others, such as “Bicenergetics” (Exercise 1) and "Geological Time Line” (Exercise 17}, serve
as simple demeonsirations.

Many of the axercisas incluce more chellenging versions for advenced siudents. Addifioncily, these
exercises can serve as the basis for several others of your cwn design.

. . . . R R . I . s .
Prior to starting thess exercisas, siudents should have = geod undersianding of princicies of genetic
coding and call divisien.

¢

Mecst of the activities in this booklet ars described for the teacher's usa. [Some, however, are written
diracily for the siucanis.) You may use any ceriion of this beoklet as the basis for describing exercis-
es o siudents cr for creparing yeur own worksheets. If vou prafer, yeu may also ghotecapy any cart
of this beoklet for districution ‘o yeur students. In some cases, you may need to block out certain por-
tons of the bookiet cerore photocopying (for instance, when answers are provided nexi io the ques-
tions in the texi)

1

§K04343-01



REFERENCES

Biochemistry (2nd Edition, 1975). Lehninger, Albert L. The Johns Hopkins University Scheol of
Medicine. Worth Publishers, Inc.

Biology (2nd Edition). Villee, Solomon, Martin, Martin, Berg, Davis. Saunders College Pubiishing
(Holt, Rhinehart, Winston, Inc.) Orlando, FL.

Biology (2nd Edition). Campbell, Benjamin. Cummings Publishing, Redwood, CA.

Molecular Bioloay of the Call (3rd Edition, 1994). Alberts, Bray, Lewis, Raff, Roberts and Watson.

EXERCISE 1: BIOENERGETICS

Once the students have become accustomed to the use of beads as molecular models, this familiarity
allows the teacher to expand these simulations into the realm of anabolic or catate.ic processes.
Again, for class demanstrations, the larger links may be more appropriate.

Cellular respiration can be demonstrated in @ number of different ways by employing the beads and
allowing the students to act as enzymes. A fovorite student participation demonstration is as follows:

Inform the siudents that each bead in the gresented siruciure regresents a carbon afom with the appro-
oriatle OH, H, or =O side groups (these can be mimicked somewnat with the use of tiny gieces of col-
ored tape, but often this just serves as another sourcs of confus'cn) rrange the students so that there
are nine siudents in sequence representing the 9 enzymes in glycolysis to the pruduc ion of pyruvate,
nine siudenis in a circle representing the snzymes of the TCA cycle, and eight siudents in sequence
representing the redox intermediate molecules of the eleciron franspert ¢ chain. Other siudents can act
as intermediaries such as NADH. Obviously, depending cn class size, students mcy need to act as
hwo consecutive enzymes perheps using right and lef hands.

Stert the callular respiration cycle by pcssinc a model of a glucose molecule (& inferconnected beads)
to the first student. As each siudent performs an enzymaiic action, he/she then passes the molecule to
the next in line.

NOTE: Key processes can ke hig'nligh'refJ with props. For axemple, the onospnctcs to ce added sarly
in glycolysis may be represented by colcred lcpe As carbon cdioxide is given off in the TCA cycle,
the single becd can be tossed up [oxycen< can be cdced by means of tape]. NADH or FADH, can
te reprasented by balls of tape, and the slectrons they carry may be small beccs or martles siuck to
the tage. The elecirons can ce oassed down the Elecon Transgort System to be finally cccepted by
a hand of cotfon [regrasenting oxygen), which can ke wetted to simulate the formation of water. CoA
can be added to the twocarbon fragment (acstyl CoAl as @ short single color bead polymer. It is also
suggesied that ¢ curicin of some kind secarare the mitcchendricl and cytoplasmic processes.

Ine siudents should pass the crticles slowly of first, perhces sven ve r'c clizing key steps. Other students

can even act as observers and ATP greduction recorders. As the siudents become mere cdept at ! this
axarcise, or perhaps afer it has besn discussed and anclyzad, vericiions can ce introcuced. For
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example, the products of protein catabolism, or the products of fatty acid catabolism, can be intro-
duced fo this group of simulating students. In this way, students can directly compare the relative ATP
production resulting from these respiration pathways.

NOTE: It may also be interesting for the teacher to continually pass in various fragments at different points
in this process, to illustrate to the students the true, continuous nature of these biochemical pathways.

In a similar manner, many other biochemical processes, such as photosynthesis, can be simulated.

EXERCISE 2: BIOCHEMICAL STRUCTURE

These types of beads are also of great use in the demonstration of molecular architecture. For teacher
demonstration purposes, the small beads may be sufficient, though often the large interconnecting toy
links may be required for a large audience.

Carbohydrate structure can easily be demanstrated by simply correlating a particular saccharide unit
with a particular bead color. From this point, it is easy to demonstrate the synthesis of disaccharides,
trisaccharides and polysaccharides by simply popping together the appropricate bead color combina-
tions. Adding some water to the location of connection can result in a small splash, which the teacher
(and hopefully, students) can recognize as a simulation of @ condensation or dehydration synthesis
reaction as water is removed when two monosaccharides. join to form a disaccharide. Conversely,
squirting the connecting points of the beads during cleavage {breakdown) can be recognized as a
hydrolysis reaction in which water is added to a disaccharide to form fwo monasaccharides.

As with other macromolecules, higher level organization [the architecture of polymers) can ecsily ke
demonstrated.

Likewise, the structure of proteins can be elucidated. Amino acids can be represented by varicus col-
ored beads, and pepiide bond formation {or breakage) can be simulated as described for carbohy-
drates. long bead polymers are especially useful in portraying higher levels of polypeptide organi-
zation, though a number of student assistants may be required. This may be particularly useful in
~ describing enzyme structure (active and/or regulatory sites), siructural proteins (such as actin and
myosin), antivodies, cellular receptors, etc.

NOTE: One croblem which plagues these kind of siructural models is the absance of branching. These
linear models can be given branch points, however, by the use of an apcrogriate size needle cr nail.
Simply heat the needle or nail and slowly push into @ chosen site on the bead. It may be necassary
lo tesi a few different sizes, and holding the bead in a vise is recommended. With this technique, the
craation of branch points for complex carbohydrates and other macromolecules, such as iriglycarides
or phospholipids, can ke achieved. For example, assembling a three-bead polymer to represani glyc-
erol followed by connecting three polymers [representing fatty acid chains) io each branch peini can
~ simulate o triglycaride.
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EXERCISE 3: NUCLEIC ACID
MOLECULAR ARCHITECTURE AND FUNCTION

Backgroumnd:

In 1953 Francis Crick and James Watson put all the puzzle pieces together. Armed with information
gathered from their own work and the work of their colleagues, Watson and Crick revolutionized the
field of moleculdr biclogy with their elucidation of the double stranded siructure of DNA,

Deoxyribose nucleic acid [DNA) is a duplex of two strands wound together into a righthanded helix.
The backbone of each strand is a repeating sequence of deoxyribose sugars and phosphate groups.
A purine base (adenine or guanine) or a pyrimidine base (cyfosine or thymine} is attached to each
deoxyribose sugar. The bases face inward toward the canter of the helix, forming the "steps” of the
“circular staircase” that the structure of the double helix resembles.

Important structural features of this particular double helix include pyrimidine-purine pairing, an impor-
tant consideration in the deduction of the molecule’s physical structure. Adenine is always paired with
thymine, and guanine is always paired with cyfosine. Pyrimidine-purine base pairs are held together
by hydrogen bonds. Furthermore, the two strands that make up ONA are arranged in antiparallel ori-
entation. The successive nucleotide sequences of the sense sircnd are linked together by shesphodi-
aster bonds that have a 3'—5" orientation.

Replication of DNA involves simultaneous reglication of beih sirands that make up DNA. Raoiicztion
bubbles are structures formed as the result of the breaking of hydrogen bonds between base oeirs of
the parental duplex DNA so thar replication can sroceed. Tha formation of this siructure rasults in
replication fork meving away from the point of crigin as raplication procseds continucusly, cdding
successive nucleotides, along ene parental sirand in o 3'—5" direction and discontinuously cs the
other strand is synthesized in short pieces in the reverse direction. DNA polymerases cre snzymes
capable of adding successive nuclectides to @ growing DNA sirand synthesized from the leading

. X , . ) . . |
sirand and annealing the short piecas synthesized from the lagging strand.

As DNA polymerases function only in the 5'—3" diraction,  short RNA primer, ccgroximetely four to
ten nucleotides, atteches to the lagging sirand, the parentci DNA replicated in discentinuous feshion,
o inifiate replication. Discontinucus replication synthesis rascits in the fermation of short piecas of rapli-
cated DNA or Okezaki fragments. An enzyme, DNA ligase, Icter joins the Okazaxi fragments tcgeth-
s such that the second parent sirand also results in @ comeietely reclicated strand.

Objective:

Students will synthesize a parent strand of DNA cnd obssrve ifs physical siructure as they awist their
model info @ double helix. Siudents will perform @ reglication exercise with their perent sirand @
coserve the continuous and discontinuous replication of the rasgeciive sirands. Stucents will rranscribe
cn RNA from the DNA helix.

L. . e -t ! ! : B . . .
One of the most difficult parts of melecular bicleay for seczndery scheol students is the visualization
: o anshin e finetiar This simol ; cr Rale e
of macremolecular siruciure and ifs relationshic o funciion. This simple exercise can neic students

understand and aggraciate DNA architeciurs.
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Directions:

Have a group of students assemble one large polymer {about 100 beads in length), using anly 4 dif-
ferent colors to represent the nucleotide bases, A, T, G, C. Instruct another group to assemble the
inverse complement of that polymer, reminding them that the exposed nub should correspand to the
direction of growth (5'—3').

This introduction could easily lead to a discussion of DNA polymer elongation, orientation, and the
base pairing which stabilizes the double-stranded polymer. Tiny pieces of tape can even be placed
between base pairs for further-clarity. If this simulation is to be viewed by many people, use the large
connecting children’s links. These are large enough to represent the two or three hydrogen konds
between bases by small strips of tape.

Once the double polymer is aligned, have a student hold one end and instruct anather student to grasp
the other end and slowly twist or wind it from the end. This may be a good time to describe the vari-
ous structural levels of DNA organization. If the polymer is long enough it should be easy to show the
histone protein contribution to DNA structure. Many different items can be attached to the helix to sim-
ulate histones; the easiest may sim-
ply be balled-up masking tape (it

Short region of DNA / e will heve the advantage of being
double helix //\X.//K\//\:\//\,\/}\J’\/ v flexible and sticky, allowing the
/ easy stabilization of further coiled

or packed helix]. You may calso

. : Y
2 . R . -
“Bacds on & shing’ = { . Inm simulate FuTr'her pcckmg cf DNA
form of chremarin ‘x | by supercoiling the helix that has
- ceen siabilized with the histones
P . < (balls of mcsking tape}, and dis-
Y | cuss the roles of such packing in
. o ) : 9

"%Z?kigrﬁl?;l;gﬁi"m 30 !"m the sukaryotic call. To supercoil the
A4 DNA mcdels, have students gently
coniinue twisting the right-handed
= coil resulting in the DNA model
s /o l folding in on itself becoming more
PR G n 4 3000m compact. This may also lead o g

Seciion of chromosome % 3(7\ TR z{ Y l-":s P | RS \ay @ o
inan extended form w4 %4 S/ 1AL N 3L L4 ? discussion of the control of qene

P el S el Sy end e N e & A ~

: ‘ exgrassion, lamporush chrome-
‘\ somes, siructural aspects of DNA
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EXERCISE 4: DNA REPLICATION

For beginning students, a demonstration (or student performed simulation] of DNA replication can eas-
ily be performed. The helix can simply be partially unwound from one end. This will result in two free
polymers, with opposite directional orientations. Reminding the students that synthesis proceeds from
the 3'—5" direction, simply instruct them to construct new polymers which are complementary to the
exposed templates. The students should recognize that these new polymers are complementary (able
to base pair) to the templates.

For advanced students, a more complicated and accurate simulation can be performed. This simula-
tion helps demonstrate DNA replication propasing the initiation of replication exclusively from the
ends. In this case, the students [or teacher] will have assembled a lengthy polymer. Have a student
hold the polymer in the air, grasping one end, and have another siudent [or two) hold the other end
so that it stays wound. Have the students release the bottom, allowing the polymer to unwind. At this
point, a discussion of the problems with this mechanism is appropriate. You may even wish to stop at
this point and discuss the early experiments which led to the abandonment of this idea.

Next, have students place their polymers on a lab table. Students can then simulate the activity of
“unwinding” enzymes, primers, and DNA polymerase in the production of new polymer [Okazaki
fragments). Again, it may help to remind students that replication proceeds anly in the 3'—5' direc-
tion. As the students create a replication bubble and then expand if, thereby simulating synthesis of
new colymers complementary to the exposed templates, they should eventually become aware of the
problem of discontinuous synthesis, leading to the generaticn of short Okazaki fragments which must
be ligated together.

NOTE: For this part of the simulation, it may be sasier to allow the students to unravel the DNA [mak-
ing sure that the base pairs are still aligned) and line up the double polymer on a lab table. The cre-
ation of a replication bubble and the synthesis of new strands will proceed much mora easily. It may
also be more efficient to have two members of ¢ group synthesizing new polymers simultaneously at
the same replication fork. One will experience no problem as the fork expands; the other will
encounter the protlem of discontinuous synthesis.

EXERCISE 5: MITOSIS/MEIOSIS

A number cf exercises invalving beads have previcusly been develoged to demensirate the srocasses
of mitosis and meiosis. For example, seme A.P. Biclogy lct manuals descrite a simulation of mifosis
and meiosis which calls for the use of thesa “cep” beads. These kinds of exercises can ke expanded
to include a demonstration of the consaguencas cf croszover evenis, nondisjunctions, inversions, dele-
tions, and other chromoscmal aberrations.

One exercise of inferest for the studenis involves the following of chromosomes through the meioic
avenis of gametogenesis. This fype of simulation can then 2asily be coupled with simuletions of hered-
iy, whersin dominani cnd recessive iraifs can te iracad and the phenotyces of offspring pradiced.
Have the studenis use the teads io simulate the crocass of creciing an 2gg or sperm, placing the bead
chromesomes in a plastic bag, which represents call membcranes. Paricular traits ara listed with their
cead coler correlation on the bocrd. An individucl bead czn rapresent an cllele on a chromosome.

6
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Itis up tfo the students to then pair up with the opposite sex, and defermine the phenotyges (perhaps
even ratios) of their offspring. Note that males will produce four viable {and genetically distinct) sperm
cells, whereas females will produce ane egg. The possible outcomes for a given allele based on the
equal probability of the four sperm cells fertilizing the egg can be presented in Punnett square fashion.

NOTE: It is simpler to reduce the number of chromasomes (homologs) to be followed during this exer-
cise. Actually, two or four homelogous pairs will suffice. In addition, it is recommended that ona ~f tha
pairs correspond to the sex chromosomes, for this can be a valuable aid in understanding sex deter-
mination and/or sex linkage. -

It is easier to have only one dllele of interest on each chromosome, for obvious reasons. However, the
challenge of discovering independent assortment may also be desired. Certainly, linkage and recom-
bination can also be made to be a part of this simulation.

EXERCISE 6: TRANSCRIPTION

In this simple exercise, students create a transcription product (MRNA, or rRNA) from the DNA helix.
It is appropriate o remind them of base pairing (assign colors on koard, such as white=A, black=T
stc.). Also remind them that RNA utilizes U instead of T, This simulation may lecd to more questions
than answers, which is often the nature of molecular biology.

To make this exercise a little more complex and thought-proveking, you can identifv sarticular
sequences in the DNA which serve as promoters. In additicn, you can identify the number of base
sairs beyond the promoter sequence where transcripticn is to begin, and/or identify a transcription
lermination sequence. It is expected that students will have questions {in fact, it may be a good idea
to have them cracte a list of questions regarding these molecular evenis). Questions may cover the
determination of a template strand for transcription, the natura of a gene or gene families, and the var-
ious levels of contral of gene expression, all of which can serve as a lead-in fo lectures or labs on gene
expression.

EXERCISE 7: TRANSCRIPTION/TRAMSLATION SIMULATION
(AKA, “JAMES BOND, CELLULAR SPY”)

Background:

"Central Dogme,” @ shrase coined by Francis Crick of the famed Watson and Crick duo, is used to
cescribe the flow of molecular informaiion through a trio of macromelecules, DNA, RNA, and protein,
A gene is a nucleotide sequencs in DNA to which a spacific genatic function can be assigned such
as the production of the pigment for eve color. Genes crovice the "biueprint” for the production of oro-
feins. Proteins are macromolecules that cansist of one or mara colypeptices that function as enzymes,
nermones, antibedies, or structural components of the call.

So how is information in nucleus-bound DNA exprassed gs profeins found througheut calls? Through the
crocasses of transcription and ranslation. The nucleic ceid sequencs of @ gene on the coding sirand of
ONA is used to cracte a cemplementary nucleic ccid saquance of messanger RNA [mRNA). Messenger
RNA, cs the neme imelies, takss its cenetic information or message out of the nucleus and inte the cyto-

—y

=
i R N . r . L H + -~ T obpe o
cicsm of the cail. This trensfer of informerion from ONA o RNA is the procsss of iramscription.

7

SK04343-01



Transcription generates a single-stranded mRNA complementary in sequence to the coding or sense
strand of DNA. Two other RNA intermediates important to translation and protein synthesis are similar-
ly transcribed from specific gene sequences, ribosomal RNA [rRNA] and transfer RNA (IRNA).

Once outside the nucleus, mRNA takes its genetic message from the nucleus to the ribosomes, the site
of translation and protein synthesis.

Translation converts the nucleotide sequence of the mRNA into a specific sequence of amino acids to
produce a specific protein. Translation of mRNA is accomplished by franslating a series of three
(triplet) nucleotides, called a codon, into the corresponding amino acid as specified in the Genetic
Code. (See chart and explanation on the following page.) The genetic code consists of the three-letter
codons present in the nucleotide sequence of mMRNA, as read in the 5'—3' direction. For example, the
first triplet found in all mMRNA as transcribed from DNA is composed of the bases adenine, uracil, and
guanine (AUG] and translates to the amino acid methionine (Mei], the franslation initiator sequence.
Without the AUG sequence, translation will not take place.

Objective:

Students are “cellular spies.” In this “case,” the students are given one important “clue,” a coding
strand of DNIA, and are to deduce the amino acid sequence found in the protein that this segment of
DNA codes for. Working in pairs, student “spies” must transcribe nucleotide information in their cod-
ing strand to synthesize the complementary strand of mRNA. Remember, the base uracil in RNIA is
complementary to cdenine and synenymous with thymine in DNA. Messenger RNA friplets are then
franslated info corrasponding amino acids. Students will physically move around the cytoslasm [reom
collecting amino ccids (beads) correspending to codons present-in their franscribed mRNA. Students
will then assemble their polypeptide in the order indicated by their franscribed mRNA. Students will
submit a polypeptide sirand, beads, consiructed from information confained in their coding strand of
DNA to the teacher,

The Genetic Code:

Profeins contain 20 different amino acids (listed in the chert on gage 9). The order of base pairs in
ONA determines the order of amino acids making up the protein. DNA contains a combination of four
bases: adenine (A), thymine (T}, cytosine (C), and guanine (G}. When DNA is transcribed into mes-
senger RNA (mRNA], thymine [T} is replacad by urccil (U). Because DNA ramains in the nucleus of
the call, the sirand of mRNA goes aut of the nucleus into the cytoplasm where it is met by the small
subunit of @ ricoscme. Messenger RNA has a thres base pair codon that codes for an amino ceid.
Transfer RNA [IRNA) reads the codon with ifs anticadon and delivers ¢ scecific amino acid that it car-
ries to the ribosome. The docking site located on @ small subunit of the ribosome is called the olatform,
or P site. The ? site is where cll the protein building is initiated. At the P site o special initictor :RNA
aligns with the sicr codon of the mRNA. Finally, o larger ribosome subunit binds around the smaller
subunit and forms the protein building complex. Translation of the codon begins. As the codon is being
franslated, the tRNA dealivers the amino acid coded for. Once the amino ccid is delivered and afiached
with pepfide conds by enzymes to the next amine acid deliverad, the IRNA is released from the P site.
The next amine acic is delivered, attached, and the RNA is released uniil the and codon is signaled for.

8
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First Second Third
Position Position Position

U C A G
phe ser tyr cys U
phe ser tyr cys C

U leu ser A
leu - ser trp G
ley pro his arg U
leu pro his arg C

C leu pro gin arg A
leu pro gin arg G
ile thr asn ser U
ile thr asn ser C

A ile thr lys arg A
met (start) | thr lys arg G
val ala asp gly U
val ala asp gly C

G val ala glu gly A
val ala glu gly G

Refer to this chart to translate mRNA into orofeins. Read the chart by determining the letters in o three base
sequence [for excmpie, C U GJ. In this sequence, C is the first gasition; U is the secand gosition, and G is
the third pesifion. Now, find the place on the chart where ail three zositions meet, and recd the correspen-
ding abbreviations ‘o determine the amino acid this sequence codes for. {In this sxampie, C U G codes for
leu, or leucine.] In the chart above, lend| indicates a terminaticn csden.

Amino Acid/Popnle Bead Color Key:

Arginine [Arg) oo White
Cysteine (Cys) oo Black
Lysine (Lys) .o Red
Profing (Pro) oo Green
Tyrosing (TYr) oo Yellow
Metnioning (Mef) ..o Blue
Valine (Val) .o Purple
Phenylalanine (Phe) ... Orange

NOTE:  Although preteins contain 20 different amino ccids, this iranscription/translation simulation
uses teads that resrasent only 8 of these 20.

9
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