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FOREWORD

The writing of these instructional units represents Phase II of our
science curriculum mini-course development. In Phase I, medules were
_written that involved the junior high disciplines, life, earth and physical
science. Phase II involves senior high physical science, biology, chemistry,
physics and science survey.

The rationele used in the selection of topics was to identify instructional
areas somewhat difficult to teach and where limited resources exist. Efforts
were made by the writers of the mini-courses to relate their subject to the
practical, real world rather than deal primarily in theory and model building.

It is anticipated that a teacher could use these modules as a supplement
to a basic curriculum that has already been outlined, or they could almost be
used to make up a total curriculum for the entire year in a couple of
disciplines. It is expected that the approach used by teachers will vary
from school to school.. Some may wish to use them to individualize instruction,
while others may prefer to use an even~-front approach,

Primarily, Iihope these courses will help facilitate more process (hands
on) oriented science instruction. Science teachers have at their disposal
many "props" in the form of equipment and materials to help them make their
instructional program real and interesting. You would be remiss not to take
advantage of these aids.

It probably s'ould be noted that one of our courses formerly called senior
high physical scienc~, has been changed to science survey. The intent being
to broaden the content base and use a multi~discipline approach that involves
the life, earth and physical sciences. It is recommended that relevant topics
be identified within this broad domain that will result in a meaningful,
high interest course for the non-academic student.

ALFRED THACKSTON, JR,
.Assistant Superintendent for Instruction
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A VERY COMPLEX MOLECULE :

D.N.A., THE SUBSTANCE THAT CARRIES HEREDITY

For a long time scientists have known that hereditary characteristics:
brown and blue eyes, curly and straight hair, white and red flowers, tall
and short '‘peas, black and white guinea pigs, are passed on from parents to
offspring through rod-like structures in the auclei of the cells called

. chromosomes. They are present in the chromosomes in the form of units cailed

T

genes,

Chromosomes can be seen readily under the microscope, if the cells are
properly prepared, and stazined with certain dyes, but genes are too’ &nall
to be seen, and can be studied only on the basis of what they do. 1Indeed,
until receatly, it was not certain whecher individual genes were like 'beads
cn a string", or were simply a set of relationships within a specific area
of the chromosome. WNevertheless, by studying the action of genes and their
behavior in relation Lo one another along the length of particular chromo-

-somes, scientists were able to build up accurate maps ‘SHbwing where specific

genes were located, .
Now scientists have found that the actual hereditary material (the material.

which makes up the substance of the genes) is a complex molecula called

deoxyribonucleic acid (DNA). The DNA constirutres the central portions ("cores'"):

of the rod-like chromosomes. The DNA core of a chromosome is surrounded by

a sheath of protein material,

We now have a very good understanding of what the structure of a DNA
molecule is-like. It consists of varied combinations of a limited number of
different kinds of units or sub-units. These units are themselves molecules,
which combine in DNA to make a kind of super-molecule (macromolecule), They
are: (1) a sugar, called deoxyribose, (2) a phosphate, and (3) four kinds of
p-otein bases; two smaller ones, thymine and cytosine, and two larger ones,
adenine and guanine,

For our purposes, we will abbreviate the sugar as '"S", the phosphate as
"P'", and the four bases as "T", "C", "A", and "G". The two smaller bases
match one another in size, and the two larger ones also match one another.
The A and the T, a large and a small one, will attach to one another, and
the C and the G, a large one and a small one, will do the same. When the
bases do this, they form two kinds of rod-like structures of equal length:

T and CG. This matching of bases is jmportant in the structure of the DNA
molecule. They will not normally attach to one another in any other way.

The S and P sub-molecules becawme 1inked with one another end-to-end
~S5=P-5-P-5-P-5-P- =0 form a chain. The AT and CG "rods" become attached to
the S's of the chain, :

The DNA molecule consists of a kind of "'spiral ladder", The sides of the
ladder are SP chains. The cross-pieces or rungs (steps) of the ladder are



pairs of protein bases, the AT and CG rods. These link together t - S's of the
two sides. They may be attached to the sides as AT and CG, or they way be
reversed: TA and GC. The reversals are important since they make possible
four structural variables instead of only two.

The DNA ladder forms a spiral because the sizes and arrangeme.t of the
sub-molecules are such that when they are put iceether there is a natural
"twist" to the structure. A single spiral is called a helix. A twisted
ladder is called a double helix, A gene is believed to consist of a series
of from 20 to 2,000 sequential rungs of the ladder. The DNA molecules are
so long in proportion to the number of '"rungs" that they contain that an
immense number of such genes can be located in them. The total number of
rungs in all human chromosomes is believed to be about six billion.

Because of the great number of different structural arrangements that the
four variables make possible, the series of genes in all of the chromosomes
is able to present a set of ''‘coded directions", telling how the living
organism is to develop. Therefore it is possible to say that the DNA

furnishes a kind of "blueprint" for the construction and behavior of the
living organism,

A. Building a Model of D.N.A,
OBJECTIVE
The student will be able to:

1. make a model that will show some of the relationships within
a small section of a DNA macromolecule. Additional information
.obtained through reading can then be fitted into a more
meaningful mental picture.

ACTIVITIES

a. Using the equipment and materials listed, construct a model
of a D.N.A. molecule by following che accompanying instructions.

Equipment and Materials:

Small size rubber tubing
Round toothpicks with sharply pointed ends

Six different colors of paint, preferably blue, red,
yelle green, brown, and black

Small paint brushes

Two wooden dowels, with sharply pointed ends, the same
length as the toothpicks,




A pointed instrument, such as a needle probe or
dissecting pin .

Ruler

Two small hooks with screws, for attachment to the
two dowels

String

Puilding the Model Instructions:

1. Use two pieces of swall sise rubber tubing of
equal length. Any lengtih Ffrom .8 inches to three
feet will be satisfactory.

2, Measure and mark alternating segments of one-fourth
inch and one-half inch along the eatire length of
each piece of tubing.

3. Paint the one-fourth Inch segments “iuck, and the
half-inch segments brown. Not:: -k~ sma’ler black
seguents will now represent t} : phosphatas (P),
and the larger brown segments will represent the
sugars (S) along the S-P chair.

4. Use a sufficient number of round toothpicks with
pointed ends to equal the number of brown segments (S)
along your 8-P chain.

19,1

Measure two segments on each toothpick: one segment
to constitute one~third of its length, and the other
segment two-thirds of its length.

6. Divide the toothpicks into two groups of equal size.

7. In Group I, paint the short segment of the toothpicks

yellow and the long segments green. Note: the yellow
segments of this group will now represent thymine (T),
and the green segments adenine (A). The two together

represeunt an AT ''rod".

8. TIn Group II, paint the short segments of the toothpicks
red, and the long segments blue. Note: the red segments
of this group will now represent cytosine (C), and the

green segments guanine (G). The two together represent
a CG "rod",

9. Using a needle probe or dissecting pin, punch a small
hole (the size of the pointed ends of the round tooth-
picks) at the midpoiut of each of the brown segments (S's)
along each piece of rubber tubing. Be sure to punch the
holes in a straight line on one side of the tubing. Avoid
making the holes any larger than necessary.

10




10 Mix the two gioups of toothpicks‘thor0ugh1y.

11, Insert a toothpick in each pair of holes, linking
the two tubes. Insert rhe toothpicks in as many
different arrangements and ordere as possible: either
yellow-green or green-yellow; either red-blue or
~blue-red; with a yellow and green above or below a
red and blue, or with two or more of the same kind
succeedlng one another. e

- " 12, Now iusert a smali Look with a screw at the midpoint

of each of two swali wooden dowels pointed at each -
end.

13. With a needle probe, punch a hole in each end of each
of the rubber tubes, on the same side of and in line
with the toothpick holes, but located between the
last toothpick hole and the end, TInsert a wooden
dowel connecting the ends of the two tubes at each
end of your 'ladder'. The dowels will serve to
stabilize the ladder, and the hooks in the dowels
will furnish a means for attaching and holding it.

14. Attach a piece of string to each hook. Attach the .
string holding one end of the ladder to a fixed point.

15. Hold the dowel at the other end in your hand, and
rotate it to the left, 1In doing so be careful not to
put ftoo great a strain on the ladder. You may attach

the end you are holding to another fixed point if
you wish,

16. You now have 2 model showing some of the features of-
a DNA molecule.

b, Read ore¢ of the following references describing the DNA molecule
and n-rwer the following questions.

The Cell (Life Science Library), Chapter 3, "The Architect
and Master Builder", pages 068-74, by John Pfeiffer and

the editors of Life, pubiished by Time, Inc., New York,
1964

™~

. Biological Science, An Ecolegical Approach, BSCS Green
Version, Third Edition, Chapter 17, "Structure of D.N.A.,",
pages 593-594

Modera Biology, Otto, Towle; 1969, pages 48-49

Biologyv, Swallwood, Green, 1971, "D.N.A.: Its Structure
and Function', pages 129-137

o~
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Questions:

1. Have you verified the objective stated in Part A,
"Building a Model of D,N.A,"?

2. What characteristics of D.N.A. have you illustrated?

3. What characteristics avre there that you have. not
illustrated? '

B. D.N.A.'s Ability to Reproduce Itself
OBJECTIVE
The student will be able to:

2. do the following activities towards understanding the role

played by D.N.A. in replicating or reproducing itself.

ACTIVITIES

a. Read:

Biology, Smallwood and Green, 1971, pages 134-135 or
Biological Science, An Ecological Approach, BSCS, Green Version,
Third Edition, page 595

. I. Describe on paper, using words and diagram, how D.N.A.
' is capable of making-exact copies of itself.

2. Study the model that you made and explain on paper
how you would go about illustrati.g the replicating

process with your model.

3. Explain on paper why replication is necessary .whan
a cell undergoes mitosis.

12




TEACHIR SECTION

The functicn of this laboratory exercise is to carry tie stuleant as

far as possible toward understanding the nature of hereditary wmaverial.
The structure of D.N.A. is a very complex concept, but the working out
of it is ore of the most important break-throughs in modern biclogical
research.

This laborarory experience shoubd furcish a basis for students to build
a further undevstanding at a wora advanced level of study, ‘The teacher,
after this unit, may wish to further develoo U.X A ‘s rovolvement in
protein synthesis and enzyme i1fleence on the cetl's zctivity; the
importance of the sequunce of aucleotides in determining a pariiculax
message; and whal is known about the function plaved by rhe regulator

or operator zeae in a cell.

A sood preparation for the tenchey belnre asteaptioyg 1o curi through
this lab is teo become familiar with the reterences wihich descrite the

st ructuce a~d bBenavior of DUNLUA.
UNTT OBIRCTIVES

The student will be able oo

1. make & model that will sbow =oime of the relaticeships witi s a small

sect ton o' o LN mAcromcieciLe,

2 do activities tovaria undersvacding the role plares by DN A, An

replicatiny or veuroducing ftsell,

REFERENCFS

l_&__c__t_e_l_l Cioire Tohencs B,ooiohm Wieiffer ard rte oditers of L_]_F_e_,
Time, Inc, . Sew York, 1964

Biologicar Foe wey o noodogical Approsc U905 cecn fecnion, Third Ed.

Modevn Biotoys, o, Teerd o el Bivelart e Wiasr cn D04

1",;j~f_’..L.f-_’i§.\L~ Swmallweed, Crese o ooluey Tanndets Tampans s P9

The Thread ol e )i Telenhooe Doupany
(hiis i bm must ce ordered ac the bewicniny of e vear, =ince the
disrribetior center cevers suet 2 owide alen Crone Boll ated

Craclejos b O crw s deoier, 22 winuinesy, daecno Dancer Soctety,

Frederick.
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Evaluation Form for Teachers

Name of mini-course

I Lvaluation Questions Yes | No Comments

1. Did this unit accomplish its
objectives with your students?

2. Did vou add anv of your own
; activities? 1If so, please
include with the return of
this form. '

3. Did vou add any iilms“that
other teachers would find
useful? DPlease mention
source.

4. VWerce the student instructions
clear?

5. Was there e¢nough intormation
in the teacher's section?

6. Do you plan to use this unit
again? !

oyt

7. wWhich level of student used this unit?

8, ilow did vou use tiis unir - class, small group, individual?

PLEASL RETURN 10 50 LNCE SULPFEVISOR'S QFFICK AS SOUN AS YOU COMPLETE THEE CQURSE,
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