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CONCEPT: THE GRIFFITH EXPERIMENT
●In 1928, Frederick Griffith’s experiment identified that some unknown genetic “factor” controls the traits of organisms.
□ Griffith showed that bacteria have the ability to ____________________ genetic material.
□ Transformation: the ____________ of external DNA, resulting in a genotypic & phenotypic change.
EXAMPLE: Griffith’s Experiment Showed Bacteria Can Transform the Genetic Material.

●Later work by Oswald Avery, Maclyn McCarty, & Colin MacLeod identified the transforming substance as __________.
□ Many scientists still remained skeptical & felt that proteins were a better candidate for the genetic material.
PRACTICE: The bacteria that Griffith experimented with were termed "R" and "S" bacteria because:
a) Of the way they grew on artificial media.

c) The "R" bacteria formed rough appearing colonies.

b) The "S" bacteria formed smooth appearing colonies.

d) All are correct.

PRACTICE: In his transformation experiments, what phenomenon did Griffith observe?
a) Mixing a heat-killed pathogenic strain of bacteria with a living nonpathogenic strain converts the living cells into the
pathogenic form.
b) Mixing heat-killed nonpathogenic bacteria with a living pathogenic strain makes the living strain nonpathogenic.
c) Infecting mice with nonpathogenic strains of bacteria makes them resistant to pathogenic strains.
d) Mice infected with a pathogenic strain of bacteria can spread the infection to other mice.
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CONCEPT: THE HERSHEY-CHASE EXPERIMENT
●In 1952, the scientists Hershey & Chase used _______________________ to confirm that DNA is the genetic material.
Bacteriophages
●Bacteriophage (Phage): a ______________ that replicates itself by infecting & “hijacking” bacteria.
□ Consists of an external _______________ coat surrounding a nucleic acid ___________.
EXAMPLE: Phage infecting a bacterial cell.

The Hershey-Chase Experiment
●Hershey & Chase showed that only viral __________ (not viral protein) enters bacteria during a bacteriophage infection.
□ This confirmed that DNA (not protein) is the ________________ material.
EXAMPLE: The Hershey-Chase Experiment.
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CONCEPT: THE HERSHEY-CHASE EXPERIMENT
PRACTICE: Hershey and Chase set out to determine what molecule served as the unit of inheritance. Which molecular
component of the T2 virus actually ended up inside the cell?
a) The protein coat.
b) RNA.
c) Ribosome.
d) DNA.

PRACTICE: Choose the incorrect statement about the results of the Hershey-Chase Experiment.
a) Radioactive labeled protein was found in the bacteria.
b) Radioactive labeled DNA was found in the bacteria.
c) DNA was labeled with radioactive phosphorus.
d) Protein was labeled with radioactive sulfur.
e) Radioactive labeled protein was found outside of the bacteria.

PRACTICE: Which of the following facts did Hershey and Chase make use of in trying to determine whether DNA or protein
is the genetic material?
a) DNA contains sulfur, whereas protein does not.
b) DNA contains phosphorus, whereas protein does not.
c) DNA contains nitrogen, whereas protein does not.
d) DNA contains purines, whereas protein includes pyrimidines.
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CONCEPT: CHARGAFF”S RULES
●In the early 1950’s, Erwin Chargaff made two important discoveries related to DNA:
1) DNA base composition _______________ between different species.
2) For each species, the % of A & _____ bases are roughly equal, as are the % of G & _____ bases.
EXAMPLE: Chargaff’s Data.

□ The percentages are not exactly the same because of limitations in Chargaff’s techniques.

PRACTICE: Cytosine (C) makes up 42% of the nucleotides in a sample of DNA from an organism.
Approximately what percentage of the nucleotides in this sample will be thymine (T)?
a) 8%.
b) 16%.
c) 21%.
d) 60%.

PRACTICE: Thymine (T) makes up 28% of the nucleotides in a sample of DNA from an organism.
Approximately what percentage of the nucleotides in this sample will be guanine (G)?
a) 14%.
b) 56%.
c) 22%.
d) 72%.
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CONCEPT: DISCOVERING THE STRUCTURE OF DNA
●In the early 1950’s, Rosalind Franklin used ______-Ray diffraction on DNA to capture an important photo (Photo 51).
●In 1953, James Watson & Francis Crick used Franklin’s photo to help them describe the structure of __________.
□ They described DNA as a ______________-helix with ______ anti-parallel strands of nucleotides.
□ Watson & Crick Base-Pairing: nucleotides on opposite strands pair via ________________ bonds (A–T, C–G).
EXAMPLE: X-Ray Diffraction of DNA and Watson & Crick’s DNA Structure.

PRACTICE: The scientist/s that was/were given credit for first determining the structure of DNA is/are:
a) Hershey and Chase.

d) Griffith.

b) Watson and Crick.

e) Hershey and Crick.

c) Chargaff.

f) Watson and Chase.

PRACTICE: The scientist/s that used x-ray diffraction to help reveal the structure of DNA is/are:
a) Watson and Crick.

d) Chargaff.

b) Hershey and Chase.

e) Franklin.

c) Avery and Macleod.
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CONCEPT: DISCOVERING THE STRUCTURE OF DNA
Detailed DNA Structure
●Recall: DNA consists of two strands of nucleotide monomers repetitively linked together.
□ At the ______’ end of each strand is a free ________________ group.
□ At the ______’ end of each strand is a free ________________ group (-OH).

PRACTICE: In the polymerization of DNA, a phosphodiester bond is formed between a phosphate group
of the nucleotide being added and which of the following atoms or molecules of the last
nucleotide in the DNA strand?
a) The 5' phosphate group.

c) The 3' OH.

b) C6.

d) A nitrogen from the nitrogen-containing base.

PRACTICE: Within a double-stranded DNA molecule, adenine (A) forms hydrogen bonds with thymine (T), and cytosine (C)
forms hydrogen bonds with guanine (G). What is the significance of the structural arrangement?
a) It allows variable width of the DNA double helix.
b) It permits complementary base pairing.
c) It determines the tertiary structure of the DNA molecule.
d) It determines the type of protein produced from the DNA.
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CONCEPT: MESELSON-STAHL EXPERIMENT
●In 1958, Meselson & Stahl demonstrated that E. coli replicates DNA via the _________-__________________ model.
□ Semi-Conservative Model: replicated DNA molecules have ____ old/parental strand & ____ newly-built strand.
□ Old/parental strands separate & act as __________________ to synthesize new DNA that’s complementary to it.
EXAMPLE: The Meselson-Stahl Experiment confirmed Semi-conservative DNA Replication.

PRACTICE: The Meselson-Stahl experiment demonstrated that DNA replication produces new molecules of DNA each
containing…
a) Two old strands of DNA.

c) Two stands composed of variable proportions of old and new DNA.

b) Two new strands of DNA.

d) One old strand of DNA and one new strand of DNA.

PRACTICE: The DNA of a phage was injected into the bacterial host, but the protein coat remained outside. The viral DNA
directed the host to replicate the new phage viruses. Which scientist(s) are associated with this finding?
a) Hershey and Chase.

d) Watson and Crick.

b) Meselson and Stahl.

e) Chargaff.

c) Thomas and Walters.
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CONCEPT: INTRODUCTION TO DNA REPLICATION
●Much more is known about _______________________ DNA replication than eukaryotic DNA replication.
□ However, scientists believe most of the process is fundamentally _______________ in prokaryotes & eukaryotes.
□ Old/parental strands separate & act as __________________ to synthesize new DNA that’s complementary to it.

Components of DNA Replication
●DNA replication requires a host of _____________________ enzymes/proteins working together:
□ _________________: relieves the overwinding of DNA by breaking and re-joining template DNA strands.
□ _______________: unwinds the double-stranded template so a primer can bind to its complementary sequence.
□ _________-stranded binding proteins: bind to & stabilize regions of single-stranded template DNA until used.
□ RNA ______________: short strand of RNA complementary to the template DNA required to start replication.
□ ____________: adds the RNA primer to the single-stranded DNA template to initiate the polymerase.
□ DNA Polymerase _____: synthesizes a new DNA strand using the template DNA.
□ DNA Polymerase _____ : removes RNA primers & replaces them with DNA nucleotides.
□ DNA____________: forms covalent bonds between the ends of 2 segments of newly synthesized DNA.
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CONCEPT: INTRODUCTION TO DNA REPLICATION
Origin of Replication
●DNA replication begins at specific DNA sequences called the _______________ of Replication (ORI).
□ Prokaryotes have small _________________ chromosomes with just _____ ORI.
□ Eukaryotes have large __________________ chromosomes with ____________________ ORIs.

Replication Forks
●Proteins bind to the ORI & separate the 2 strands of DNA, forming a replication ______________ (or “bubble”).
□ Replication Forks: _____-shaped regions at each end of the “bubble” where DNA is unwound.
□ DNA replication proceeds _______-directionally (in ____________ directions).
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CONCEPT: INTRODUCTION TO DNA REPLICATION
PRACTICE: Which of the following is incorrect regarding DNA replication forks?
a) DNA replication forks begin forming at the origin of replication (ORI).
b) DNA replication forks are caused by helicase separating two complementary strands of DNA.
c) There are two replication forks found in each replicating prokaryotic chromosome.
d) DNA replication forks are found at both ends of the replication “bubble”.
e) None of the above are incorrect.

Unwinding the DNA: Topoisomerase, Helicase & SSBs
●Several proteins participate in the ____________________ of DNA during DNA replication:
1) Topoisomerase (DNA Gyrase): cuts & rejoins DNA to relieve strain caused by DNA _____________________.
□ Supercoiling can ________________ DNA replication & must be relieved for DNA replication to proceed.
2) Helicase: unwinds DNA by breaking ____________________ bonds (creating ______________-stranded DNA).
3) Single-Strand Binding Proteins (_______): prevent reannealing & degradation of each separated DNA strand.

PRACTICE: What is the function of the enzyme topoisomerase in DNA replication?
a) Relieving strain in the DNA ahead of the replication fork caused by the untwisting of the double helix.
b) Elongating new DNA at a replication fork by adding nucleotides to the existing chain.
c) Reattaching the hydrogen bonds between the base pairs in the double helix.
d) Building RNA primers using the parental DNA strand as a template.
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CONCEPT: DNA POLYMERASES
●The primary enzyme responsible for building new DNA strands are __________ polymerases.
□ Organisms contain __________________ types of DNA polymerases with slightly different functions.
□ New DNA strands always built in the ______ à ______ direction (elongating from its free 3’ ______ group).

DNA Polymerase Requirements
●In prokaryotes, DNA Polymerase ________ is the primary enzyme for elongating/building new DNA Strands.
●All DNA Polymerases have ______ central requirements:
1) a ________________: the _________/parent DNA strand that acts as a guide for building new strands.
2) a ________________: small RNA molecule that acts as the ________________ point for DNA polymerase.
□ _____________________ enzyme builds RNA primers.
□ Ultimately the RNA primer is converted to ___________ to be part of newly built DNA strand.

Primase

III

PRACTICE: If the sequence of the 5'-3' strand is AATGCTAC, the complementary sequence has the following sequence:
a) 3'-AATGCTAC-5'.

b) 3’-CATCGTAA-5’.

c) 3'-TTACGATG-5'

d) 3'-GTAGCATT-5'
Page 12

BIOLOGY - CLUTCH
CH. 15 - DNA SYNTHESIS

CONCEPT: LEADING & LAGGING DNA STRANDS
●Upon separation of the DNA, at each replication fork, there are ______ single-stranded DNA molecules:
1) Leading DNA Strand: continuous replication in _____________ direction as the replication fork movement.
□ Only ________ RNA primer is required for replication of the Leading strand.
2) Lagging DNA Strand: discontinuous replication in _________________ direction as replication fork movement.
□ Replicates in multiple, small segments (_______________ fragments) that each require an RNA primer.
□ Okazaki fragments are eventually covalently annealed by DNA ________________.

PRACTICE: Which is involved in replicating the lagging strand of DNA, but is not involved in leading strand replication?
a) Ribosome.

b) RNA primer.

c) DNA polymerase.

d) Okazaki fragments.

PRACTICE: Which of the following statements correctly describes the difference between the leading and the lagging
strands of DNA during DNA replication?
a) The leading strand is synthesized in the same direction as the movement of the replication fork, and the lagging
strand is synthesized in the opposite direction.
b) The leading strand is synthesized by adding nucleotides to the 3' end of the growing strand, and the lagging strand
is synthesized by adding nucleotides to the 5' end.
c) The lagging strand is synthesized continuously, whereas the leading strand is synthesized in short fragments that
are ultimately stitched together.
d) The leading strand is synthesized at twice the rate of the lagging strand.
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CONCEPT: LEADING & LAGGING DNA STRANDS
PRACTICE: The mechanisms of DNA synthesis differs between the two new daughter strands during replication. This is
due to the fact that:
a) one RNA primer attaches to the 5' end of the parent strand and the other primer to the 3' end.
b) Both daughter strands can't extend toward the replication fork because there would not be room for two DNA
polymerase enzymes.
c) Both RNA primers attach to the 3' end of the template strands, which are at opposite ends from each other.
d) The DNA strands run antiparallel to each other and the DNA polymerase can only add nucleotides to the 3' end of
the growing strand.

PRACTICE: Below is a close-up of the portion of a DNA replication bubble.

Helicase is shown as a yellow triangle currently moving from left to right. Based on what you know about the creation of new
DNA during replication, which is the lagging strand and why?
a) A is the lagging strand, as DNA is always synthesized in the 5' to 3' manner.
b) B is the lagging strand, as DNA is always synthesized in the 5' to 3' manner.
c) A is the lagging strand, as DNA is always synthesized in the 3' to 5' manner.
d) B is the lagging strand, as DNA is always synthesized in the 3' to 5' manner.
e) It is impossible to tell, with the information provided.
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CONCEPT: STEPS OF DNA REPLICATION
●DNA Replication in prokaryotes can be simplified into ______ steps.
1) Topoisomerase binds to the ORI & ___________________ the strain due to DNA supercoiling.
2) Helicase binds & ________________ the two strands of the template DNA by breaking hydrogen bonds.
3) Single-Stranded-Binding proteins (_________) bind to the single-stranded-DNA.
4) Primase adds the RNA primer to the template DNA so that polymerase can start replicating.
□ Continuously adds primers to the _______________ strand to make several Okazaki fragments.
5) DNA Polymerase _____ adds nucleotides to ____’ end of primers & continues elongation on both DNA strands.
6) DNA Polymerase _____ removes RNA primers & replaces them with DNA nucleotides.
7) DNA Ligase _____________Okazaki fragments together on the lagging strand to create a single, new strand.

PRACTICE: During DNA replication, the enzyme ___________, catalyzes the elongation of new DNA by adding, to the 3'
end of the previous nucleotide, new nucleotides that are complementary to a DNA template.
a) Helicase.
b) DNA polymerase.
c) DNA ligase.
d) ATP synthase.
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CONCEPT: STEPS OF DNA REPLICATION
PRACTICE: Which of the following enzymes breaks the hydrogen bonds between the DNA strands?
a) Primase.

d) DNA ligase.

b) Helicase.

e) DNA polymerase.

c) Topoisomerase.

PRACTICE: Which of the following enzyme-function matches is incorrect?
a) Helicase - relieves tension of supercoiling by breaking and rejoining ahead of fork
b) Primase - provides short stretch of RNA at initiation of strand synthesis
c) Polymerase – synthesizes new strand of DNA while using old strand of DNA as a template.
d) DNA ligase - joins 3’-OH to 5’-phosphate to seal adjacent DNA nucleotides.

PRACTICE: Which of the following enzymes is responsible for removing RNA primers and replacing them with DNA?
a) Primase.

b) DNA Helicase.

c) DNA Polymerase III.

d) DNA Polymerase I.
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CONCEPT: DNA REPAIR
●DNA replication is ________ always a perfect process; base-pairing errors can occur (ex. A paired with a C instead of a T)
□ Errors occur 1 out of 100,000 base-pairs (a relatively high error rate).
□ Unrepaired errors result in permanent _____________________, which can lead to diseases like cancer.
EXAMPLE: DNA Errors Resemble “Typos.”

DNA Proofreading & Repair Enzymes
●DNA polymerases have a “_____________________” ability allowing them to fix many errors/mistakes.
□ Proofreading _______________ the error rate to 1 in 10 billion base-pairs.
●Other DNA _____________ Enzymes can help to correct errors that were not fixed by proofreading.

PRACTICE: Researchers found a strain of E. coli bacteria that had mutation rates one hundred times higher than normal.
Which of the following statements correctly describes the most likely cause of these mutations?
a) The single-stranded binding proteins were malfunctioning during DNA replication.
b) There were one or more mutations in the RNA primer.
c) The proofreading mechanism of DNA polymerase was malfunctioning.
d) The DNA polymerase was unable to add bases to the 3′ end of the growing DNA strand.
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CONCEPT: TELOMERES
●Telomeres: _______-coding DNA, consisting of repeating sequences, at the tips or ends of eukaryotic chromosomes.
□ In many cells, telomeres ________________ with each round of DNA replication (has been linked to aging).
□ Significant telomere loss signals cell division to ______________ in a normal cell.
●Telomerase: _______________ found in some cells that catalyzes the lengthening of telomeres.
□ Usually expressed germ cells & in __________________ cells, allowing them to maintain telomere length.

PRACTICE: What are telomeres?
a) The region of DNA that holds two sister chromatids together.
b) Enzymes that elongate a new DNA strand during replication.
c) The sites of origin of DNA replication.
d) The ends of linear chromosomes.

PRACTICE: Which of the following effects might be caused by reduced or very little active telomerase activity?
a) Cells may become cancerous.
b) Telomere lengthens in sex cells.
c) Cells age and begin to lose function.
d) Cells continue to function normally.
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CONCEPT: TELOMERES
PRACTICE: Which of the following types of cells are affected most by telomere shortening?
a) Prokaryotic cells only.
b) Eukaryotic cells only.
c) Prokaryotic and eukaryotic cells.
d) Animal cells only.

PRACTICE: Telomere shortening puts a limit on the number of times a cell can divide. Research has shown that telomerase
can extend the life span human cells. How might adding telomerase affect cellular aging?
a) Telomerase will speed up the rate of cell division.
b) Telomerase stops telomere shortening and slows or stops cellular aging.
c) Telomerase shortens telomeres, which slows or stops cellular aging.
d) Telomerase would have no effect on cellular aging.
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