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(~27 MOLECULAR GENETICS

b~ctivfty 1. ~dentificationof the Genetic Materia~

PROTEIN VS. NUCLEIC ACID
From the early 1900son. it wasgenerallyacceptedthat the chromosomescontained
the hereditary information. However, it was thought that the protein of the
chromosomewas the information-containingsubstanceand that the DNA was of
secondaryimportance.It was not until 1944 that the role of DNA in heredity was
finally established.

In 1928, the British biologist FrederickGriffith performeda seriesof experiments
on mice using two similar strains of bacteria. One strain, called type 5, caused
pneumoniawhen injectedinto testanimals.The otherstrain, calledtype H. did not.

Injection of deadtype S bacteriadid not causepneumoniain testanimals. However,
whenGriffith mixed deadtype S bacteriawith a living cultureof type H bacteriaand
then injected some of the bacteriafrom the culture into test animals, the mice
developedpneumonia.The bacteriafound in the miceshowedthe characteristicsof

the type S bacteria.The type H bacteriahadbeentransformedinto type S bacteria.
This processof transformationwas explainedin 1944, when Oswald Avery, Cohn
MacLeod,and Maclyn McCarthy showedthat the DNA from the S bacteriacaused
the transformationof the H bacteria.

In 1940, Max Delbruck and SalvadorLuria startedgeneticresearchwith viruses.
They useda virus that infects bacteria, called a bacteriophage(“bacteria eater’TL
DelbruckandLuria found that25 minntesafter infection abacterialcell would burst,
releasinga largequantityof new viruses.Whentheyopenedan infectedcell after 12
minutes, they foundvirus partsandcompletedvirus particlesin the cell, They found

that the virus particles consistedof a protein coat and an inner core of DNA. The
hereditary materialof viruseshad to be either the protein coat or the DNA inner
core.

In 1952, Alfred Hersheyand MarthaChasefinally resolvedthe problemof DNA
versusprotein as the hereditarymaterial.They establishedtwo bacteriophagevirus
cultures. They attachedradioactivesulfur to the protein coat of the viruses of one
culture and radioactive phosphorusto the DNA core of the viruses of the other
culture. Bacteriainfectedby viruseswith the taggedDNA showeda large amountof

radioactivity. Those infected by virus particleswith the taggedprotein displayed
almost no radioactivity. The experimentproved that the DNA core enteredthe cell

g and carried the geneticinstructionsthat causedthe cell to producemore viruses.
The investigationswith bacteriophagevirusespointed to DNA as the hereditary

material. It also explainedthe mechanismof viral infection. Whena bacteriophage
attacksabacterialcell, the tail ofthe virus becomesattachedto the bacterialcell wall.

j The DNA coreof thevirus is then injectedinto the cell. It takesoverthebiochemical
machinery of the infected cell and causesthe production of new virus particles.
Eventually, the cell bursts, andnew virus particlesare releasedandgo on to infect
othercells.

Someof the DNA of the infectedbacteriummay be incorporatedinto the DNA of
the virus, When the new virus particlesinfect other bacteria, they introduce DNA
from the previous bacterial host. The DNA of the first bacteriummay then be
incorporated into the genetic makeupof the secondbacterium. By this process,
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called transduction,traits of one type of bacteriamay be transferredby virusesto
othertypes of bacteria.Sincetransductioninvolves atransferof DNA andhasbeen
shown to causeinheritablechangesin bacterialcells, it providesfurther evidence
that DNA is the hereditarymaterial,

1. The processin which the DNA from onetypeof cell causesan inheritablechangein a secondtype

of cell is called __________________________—.

2, Virusesthat infect bacteriaarecalled ______________________________

3. Outsidea living cell, virusesconsistof a coatcomposedof ________________________ anda core

composedof ________________________

4. The portionof the virus that actually’ entersa cell is the _______________________

5. The processby which DNA from onebacteriumis transferredto asecondbacteriumby a virus is

called ____________________________

COMPOSITION AND STRUCTURE OF DNA

Nucteoticles
Both DNA and RNA are madeup of subunitscalled nucleotides.Each nucleotide
containsanitrogenousbase,a5-carbonsugar,andaphosphategroup. Therearetwo
types of nitrogenousbases—purines,which include adenineand guanine, and
pyriinidines, which include thymine, cytosine, and uracil. DNA contains the
5-carbon sugardeoxyribose,while RNA containsthe 5-carbonsugar ribose. The
nitrogenousbasesfound in DNA are adenine,cytosine, guanine,and thymine. In
HNA, uracil is substitutedfor thymine.Nucleotidesaregenerallyidentified by their
nitrogenousbase. So, in describing the structure of DNA or RNA, adenine-
containingnucleotidesare shownas A, thymine-containingnucleotidesas T, andso
on.

1. The subunitsthat makeup nucleic acidsare____________________________

2. What three componentsmakeup a nucleotide?

3. The sugarin HNA is , while the sugarin DNA is

4. The nitrogenousbasethat is found in RNA but not in DNA is

5. The two types of nitrogenousbasesfound in nucleic acids are ________________________ and

C

The Double Helix

The complicatedstructureof DNA was workedout in 1953 by JamesWatsonand
FrancisCrick. Accordingto their model, the DNA moleculeis in theform of adouble
helix. That is, it consistsof two strandsof nucleotidesbondedtogetherto form a
ladderlikestructure, which is then coiled like a spring. In eachstrandof a DNA
molecule,the phosphategroup of onenucleotideis bondedto the sugarof the next
nucleotide.The two standsarebondedtogetherby hydrogenbondsbetweenpairsof
nitrogenousbases.The bondingbetweenthe basesis highly specific.Adenine and
thyminebondonly to eachother, andguanineandcytosinebondonly to eachother.
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Thus, whereverthereis a guanineon onestrand, thereis acytosineon the other
strand.Whereverthereis athymine on onestrand,thereis an adenineon theother
strand,etc. Adenineandthyminearecomplementan’,andguanineandcytosineare
complementary.They fit togetherwithin the structureof the DNA doublehelix like
piecesof jigsawpuzzle.

1. The DNA moleculehas ______________________ strands.

2, Each strandis a long chain of ______________________ units.

3. Strandsof DNA areheldtogetherby hydrogenbondsbetweenthe

4. In the bonding betweenthe nitrogenousbasesof the DNA strands,adeninebondsonly with

______________________ andcytosinebondsonly with ______________________

5. The following diagramshowsthe nucleotidesequenceof a segmentof a DNA strand.Fill in the
complementarynitrogenbasesof the secondstrand.
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DNA—REPLICATION AND HEREDITARY INFORMATION
S When the chromosomesdouble during interphase,the DNA moleculesundergo

replication—thatis, theyproduceexactduplicatesof themselves.Heplicationbegins
with a separatingof the two DNA strands.Where the strandsare separated,the
nitrogenousbasesare exposed.As the DNA molecule separatesalong its length, a
complex series of enzyme-catalyzedreactionsoccurs, andcomplementarynucleo-
tidesfrom the cytoplasmbond to the exposedbasesof theoriginal DNA strandandto
eachother. An A on the original strandwill becomebondedto aT, a C to a G, etc.
Thus, each of the original strands of DNA comes to he bonded to a new
complementarystrandof DNA. The original strandsactas templates,or patterns,on
which the new strandsof DNA form.
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The hereditary information in DNA is contained in the sequenceof the four
different nucleotidesalong the DNA strands.The processof replication, in which
there isan exactduplication of DNA molecules,makesit possiblefor eachcell of an

organismto contain thesamehereditaryinformation. Expressionof this information
involves the translationof the information codedin the nucleotidesequenceinto the
synthesisof proteins,a processinvolving RNA.

1, Theprocessh which newmoleculesof DNA areformed is called

2. In what form is the hereditaryinformation encodedin the DNA molecule?

3, The diagrambelow shows the nucleotidesequenceof a DNA segment.Label the nucleotidesin
the new strandsof DNA firmed by replication.

1 2 1 2

G C

A T

A I

TA

C 0

replication 4-’
A T

T A

C 0

0 C

T A

original strands

COMPOSITION AND STRUCTURE OF RNA

Like DNA, RNA is composed of nucleotide subunits. Unlike DNA, RNA is
single-stranded,and the sugar it contains is ribose instead of deoxyribose Also,
insteadof the thymine that is presentin DNA, HNA containsthe pvrimidine uracil,
which is complementaryto adenine.

1. Ho\v doesthe structureof HNA differ from that of DNA?
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b~Activity2. Genesand Protein Synthesis

THE ONE GENE, ONE ENZYME HYPOTHESIS

The one gene.oneenzymehypothesisexplainshow DNA controls the biochemical
activities of the cell.A gene is a portion of a DNA molecule that defines the
expressionof a characteristic.It directs the synthesisof a specific enzyme which
controlsthe expressionof a specific trait. Enzymesplay a centralrole in biochemical
reactionswithin the cell. They affect the speedof cellular reactions.

In 1945, George Beadle and Edward Tatum, working at Stanford University.
publisheda Nobel prize-winningwork involving Neurosporacrassa, a red bread
mold. They discoveredthatafter irradiationof Neurosporasporeswith X rays. some
offspring were unable to synthesizean essentialgrowth factor. Instead, the food
substancehadto be suppliedin the nutrient medium.

Exposure to X rays resultedin an alteration of a portion of a DNA molecule,
causinga mutation. This in turn alteredthe arrangementof amino acids in the
enzymecontrolled by that gene. Since enzymesare specific, the enzyme in its
altered statecould not react with the substrateto producethe essentialgrowth
factor. The biochemicalreactionthathadbeencontrolledby the enzymecould not go
to completion.

1. Accordingto theonegene,oneenzymehypothesis,a singlegenecontrolsthe productionof one

2, The name of the organism used by Beadle and Tatum in their genetics experiments is

3. How weremutationsinducedin Neurospora?

4. According to this experiment, a single mutated gene was unable to produce a necessary

5. What is the namefor the modified form of the onegene,oneenzymehypothesis?

a

PROTEIN SYNTHESIS

In the replicationof DNA, existingstrandsserveas templatesforthe synthesisof new
complementarystrandsof DNA. Strands of DNA also serve as templatesfor the

4 synthesisof a typeof RNA calledmessengerRNA,or mRNA.The mRNA thenserves
as a template for the assemblingof amino acids, which bond together to form
polypeptidesand proteins. Thus, the sequenceof nucleotidesin the DNA deter-
mines the sequenceof nucleotidesin the mIINA, which in turn determinesthe
sequenceof aminoacids in proteins.Two othertypesof RNA areinvolved in protein
synthesis.Theseare ribosomalHNA (rRNA) and transferHNA (tRNA).

I. MessengerRNA servesas a _____________________ for the assemblingof amino acids.
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2. What determinesthe sequenceof basesin mRNA?

The Genetic Code
The geneticinformation is encodedin the sequenceof nucleotidesin the molecules
of DNA. The sameinformationis encodedin the nucleotidesequenceof messenger
RNA. The codeitself consistsof specific sequencesof threenucleotides,Each such
triplet, or codon,codesfor aparticularaminoacid. Someaminoacidsare codedfor
by more thanone triplet. For example, the codesof the amino acid lvsine are AAA
and AAG.

I. What is a codon?

Messenger RNA
Like the replication of DNA, the synthesisof mRNA involves a complex seriesof
enzyme-catalyzedreactions.It beginswith the attachmentof aparticularenzymeto a
specialsite on the DNA molecule.Thiscausesthe two strandsof DNA to unwind in
that area. It is thoughtthatonly oneof the two strandsof DNA servesas a template
for RNA synthesis.The RNA nucleotides(ribonucleotides)align along the DNA
strand, forming a complementarystrand of mRNA. The processby which the
hereditaryinformation of the DNA is copied into the mRNA is called transcription.
Thepairing of basesin mRNA synthesisis the sameas in DNA replicationexceptthat
wherethereis an adenineon the DNA. thereis a uracil on the mBNA. Messenger
RNA is a short-livedintermediatein protein synthesis.It can be synthesized~‘en
rapidly andbroken downjust as rapidly. From the nucleuswhereit is synthesized,
the mHNA passesinto the cytoplasmandbecomesattachedto ribosomes.

1. The part of a cell in which mRNA synthesisoccursis the __________________

2. MessengerRNA migratesfrom its site of synthesisandbecomesattachedto

3. The following diagram
basesin a segmentof
DNA. Fill in the bases
for a complementary
segmentof mRNA,

Ribosomal and Transfer RNA

RibosomalRNA. alongwith some protein, makes

synthesizedby transcriptionof the DNA template

shows the sequenceof

rnRNA (

DNA segment

oooooooooo
çpç:~ç~

up the ribosomes.
found in thecell cytoplasm,picks up amino acidsandcarriesthem to
Both rENA and tRNA are stablecomponentsof the cell. They are
synthesizedand broken down as is mRNA. Like mRNA, tENA

TransferRNA,
the ribosomes.
not continually
and rENA are
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1. The threetypes of RNA found in the cell are _______________________ RNA,

ENA, and_________________ RNA.

2. Riliosornes are madeup of __________________ __________________ and ______________________________

3. Amino acidsare carried to the ribosomesby

ASSEMBLY OF A POLYPEPTIDE
Proteinsynthesistakesplace at the ribosomes.Here, the mRNA from the nucleus
acts as a templatefor the assemblyof amino acids. The sequenceof basesof the
mRNA determinesthe sequenceof aminoacids. Eachkind of aminoacid ~thereare
about twenty) is picked up by a specific transferRNA andcarried to the ribosome.
The tRNA hasa triplet of exposednitrogenousbasesthat are complementaryto a
triplet of bases(codon) on the mRNA at the ribosome.This triplet of baseson the
tRNA is calledthe anticodonbecauseit is complementanto thecodonof the mRNA.
ThetRNA carryingits aminoacidbecomestemporarilyattachedto thecomplementa-
rv triplet of the mRNA at the ribosome.In this way, a specific seriesof amino acids
lines up at the ribosome. The order in which the amino acids are arrangedis
determinedby the basesequence(triplets)of the mRNA, andultimately by the base
sequenceof the cell DNA.

The amino acids at the ribosomearejoined togetherby dehydrationsynthesisto
form proteins.This is accomplishedwith energyfrom ATP andin the presenceof
specificenzymes.Whenthe protein is complete, it separatesfrom thetRNA, andthe
tRNA separatesfrom the mRNA.

1. Wheredoesprotein synthesisoccur in the cell?

2. What determinesthe sequenceof amino acids in a given protein?

3. An ______________________ is the triplet of baseson tRNA that is complementaryto a codonof

mRNA.

:: 4. Why doesa particular tRNA moleculebecometemporarilyattachedonly to a specific triplet of
rnRNA?

a
Ca

5. The typeof reactionby which amino acidsbond togetherto form proteinsis
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6. Use the following reference list to determinethe sequenceof amino acids coded for by the

following mRNA segment.(Start from the top of the mRNA.)

mRNA AMINO
C
G
U
A
A
A
U
0
0
A
0
0
0
U
A
0
A
A
U
U
C
A
A
0

ACID SEQUENCE Reference List:

1.

2.

3.

4.

5.

6.

7.

8.

AMINO ACID RNA TRIPLET CODE

valine GUA, GUG, GUC, GUU

arginine AGA. AGG, CGA, CGG. CGC, CGU

ysine AM, MG

tryptophan UGG

glutamic acid GAG, GM

phenylalanine UUU, UUC

7. According to the one gene,one enzymehypothesis,how does DNA control the biochemical
actisitv of the cell?

a
0
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CHAPTER

1 2 Chemical Basis of Genetics
Extension

Making a Protein
The sequenceof basesof a DNA moleculedirects the formationof proteins.Genesusually make either
a single proteinor a polypeptide,a sequenceof amino acids that makeup a largepart of the protein
molecule.

Studythe diagramsbelow. On the right is the geneticcode,showing the codonsfor each amino acid.
On the left is the sequenceof basesin the genethat makesbeef insulin, a protein that breaksdown
sugarin a cow’s blood. Use these two diagramsto fill in the correct sequenceof amino acids in the
beefinsulin moleculeshown below. ~ San~

1 5 10
UUUGUCAAUCAGCAUCUGUGUGGGAGUCAC

11 15 20
CUAGIJCCAGGCCCUAuAUUUGGUUUGCGGC

13A(3AGAGGC3UUCUUUIJACLJACCCCAAAGCA

31 35 41)
GGUAUUGUGGAACAI3UI3UUGUCGUUCUGUU

41
UGUUCGUUGUACCAAUUGGAGAAUUAUUGU

AACUAG

45

301I
II

50

U C A G

Phenylalanine Serine
Phenylalanine Serine

Serine
Serine

Tyrosine
Tyrosine
Stop Codon
Stop Codon

Cysteine U
Cysteine C
Stop Codon A
Tryptophan G

Praline
Proline
Praline
Praline

Histidine
Histidine
Glutarnine
Glutamine

Arginine U
Arginine C
Arginine A
Arginine a

Threonine
Threonine
Threonine
Threonine

Asparagina
Asparagin.
Lysine
Lysine

Satins U
Satins C
Arginine A
Arginine S

Alanine
Alanine
Alanine
Alanine

Aspartic Acid
Aspartic Acid
Glutamic Acid
Glutamic Acid

Glycine U
Glycine C
Glycine A
Glycine G

23

I

Na rre

21

51

44

43

31 32 33 34

21

22

24

26 27 28 29 30

40 H8J material copyrighted under notice appearing earlier in this work.



Figure 16.1 The one gene—one enzyme hypothesis
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