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Problem 1: Post transcriptional modification to the 3'-end of eukaryotic 
mRNAs  

What is added to the 3'-end of many eukaryotic mRNAs after transcription?  
A. introns  
B. a poly A tail  
C. a cap structure, consisting of a modified G nucleotide
D. the trinucleotide 5'-CCA  
E. exons 

 
Transcription of eukaryotic protein-coding genes  
Transcription of eukaryotic protein-coding genes results in an mRNA precursor molecule that 
is extensively processed in the cell nucleus.  
When eukaryotic nuclear genes for proteins are transcribed by RNA polymerase, the product 
is a precursor RNA (pre-mRNA) that is further processed in the nucleus before transport to 
the cytoplasm for translation. The important processing steps are the following:  
1. Capping. A modified G-nucleotide, termed a "cap," is added to the 5'-end of most mRNA. 

The cap is retained in mRNA and functions in ribosome binding and mRNA stability.  
2. 3'-Polyadenylation. A tail of A-nucleotides, generally 100-200 long, is added to the 3'-end 

of most eukaryotic pre-mRNAs. The poly A tail, which is not coded in the DNA, is also 
retained in the mRNA exported to the cytoplasm.  

3. Intron Splicing. The pre-mRNA transcripts often contain introns, which are noncoding 
sequences that interrupt the coding regions known as exons. Introns are removed and exons 
are joined together by the spliceosome in the nucleus.  

 
 
B. a poly A tail  
A tail of A-nucleotides, generally 100-200 long, is added to the 3'-end of most eukaryotic pre-
mRNAs. The poly A tail, which is not coded in the DNA, is also retained in the mRNA 
exported to the cytoplasm.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/01c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/01t.html
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Problem 2: Features of eukaryotic mRNAs 

Which of the following is NOT a feature of eukaryotic gene expression?  
A. polycistronic mRNAs are very rare  
B. many genes are interrupted by noncoding DNA sequences  
C. RNA synthesis and protein synthesis are coupled as in prokaryotes
D. mRNA is often extensively modified before translation  
E. multiple copies of nuclear genes, and pseudogenes can occur 

 
The primary distinctions between prokaryotic vs eukaryotic gene expression are as follows: 
A. Eukaryotes are multicellular. Gene expression can be development and tissue specific.  
B. There are multiple copies for many eukaryotic genes, and a large amount of nonessential 

DNA.  
C. Eukaryotic genes are primarily in the nucleus. mRNAs must cross the nuclear membrane 

before they are translated in cytoplasm.  
D. Many eukaryotic genes are interrupted by noncoding DNA, which is transcribed and then 

removed by a process known as splicing.  
E. Eukaryotic precursor mRNA is extensively modified in the nucleus before translation.  
F.  Transcription and translation not coupled as in prokaryotes  
G. Polycistronic mRNAs rare in eukaryotes.  
 
C. RNA synthesis and protein synthesis are coupled as in prokaryotes  
RNA synthesis occurs in the nucleus, but translation occurs on ribosomes in the cytoplasm. 
Transcription and translation are spatially and temporally separated in eukaryotic cells.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/02c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/02t.html


 5

Problem 3: Why do pre-mRNAs get smaller during RNA processing? 

The primary RNA transcript of the chicken ovalbumin gene is 7700 nucleotides long, but the 
mature mRNA that is translated on the ribosome is 1872 nucleotides long. This size 
difference occurs primarily as a result of:  
A. capping  
B. cleavage of polycistronic mRNA
C. removal of poly A tails  
D. reverse transcription  
E. splicing 

 
The ovalbumin gene  
The ovalbumin gene has been extensively studied. This gene is known to have 8 exons which 
encode the mature ovalbumin mRNA coding sequences. These 8 exons are interrupted by 7 
introns, which are noncoding sequences that are transcribed into the ovalbumin precursor 
mRNA. During splicing of the pre-mRNA in the nucleus, the 7 introns, which account for 
5828 (76%) of the pre-mRNA, are removed and the exons are joined together to yield a 
mature mRNA of length 1872 nucleotides.  

A diagram of the pre-mRNA processing pathway is shown below:  

 
 
E. splicing  
Splicing of the pre-mRNA removes 7 introns which total 5828 nucleotides of the pre-mRNA 
sequence.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/03c.html
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Problem 4: Self-catalytic RNAs 

RNAs that catalyze biological reactions, such as self-splicing introns, are known as:  
A. enzymes  
B. spliceosomes  
C. ribozymes  
D. lariats  
E. mature RNAs 

  
Ribozymes  
The term "ribozyme" was originally suggested by Thomas R. Cech, Nobel Prize winning 
biochemist, who first discovered this class of RNA molecules. A ribozyme is an RNA 
molecule that can catalyze a biochemical reaction. Prior to the discovery of ribozymes, it was 
generally assumed that protein enzymes were the only class of biological catalysts. Cech's 
discovery was truly revolutionary in upsetting this dogma.  

The first ribozymes discovered were introns that could catalyze their own splicing, i.e. a 
special type of intron within a pre-RNA molecule was found to catalyze all steps needed for 
intron removal and joining of the exons together at the biologically correct site. Ribozymes 
with other types of biological activity have since been discovered. One intriguing potential 
ribozyme is the peptidyl transferase activity of the ribosome. Many believe that peptide bond 
formation is catalyzed by the 23S ribosomal RNA, a potential ribozyme, rather than 
ribosomal proteins.  
 
C. ribozymes  
A ribozyme is an RNA molecule that can catalyze a biochemical reaction.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/04t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/04t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/04c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/04t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/04t.html
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Problem 5: DNA-DNA renaturation and DNA-RNA hybridization 

Which statement is NOT true about nucleic acid hybridization?  
A. it depends on complementary base pairing  
B. a polysaccharide can hybridize with a DNA strand  
C. a DNA strand can hybridize with another DNA strand
D. an RNA strand can hybridize with a DNA strand  
E. double strand DNA denatures at high temperature 

  
Denaturation of DNA  
Both DNA and RNA are able to form hybrids in solution with other DNA or RNA molecules 
that have complementary base pairing. Double-stranded DNA can be "denatured" by heating 
to high temperature. If the resulting single-stranded DNAs are slowly cooled, the separated 
DNA strands can reanneal to reform the DNA duplex as suggested by the following 
illustration:  

 
DNA and RNA pairing  
Notice that A pairs with T and G pairs with C when a DNA strand hybridizes with another 
DNA strand.  

An RNA molecule can also form a base-paired DNA-RNA duplex molecule with a DNA that 
has complementary base pairing. The most common source of DNA complementary to an 
mRNA is the DNA coding strand that was the template for synthesis of the RNA. In DNA-
RNA hybrid formation, G base pairs with C, A of the RNA pairs with T of the DNA, and U or 
the RNA pairs with A of the DNA. The DNA-RNA hybridization reaction is illustrated 
below:  

 

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/05t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/05c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/05t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/05t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/05t.html
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B. a polysaccharide can hybridize with a DNA strand  
Single stranded DNA can hybridize with another DNA or an RNA with complementary base 
pairing.  
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Problem 6 Tutorial: Interpreting a pre-mRNA splicing diagram  

The regions labeled A and C of the diagram are 
___________________.  

A. introns 
B. snRNPs  
C. spliceosomes  
D. exons  
E. tRNAs 
 
Spliceosomes  
Splicing in the eukaryotic nucleus is catalyzed by spliceosomes, which are 
large RNA-protein complexes.  

The RNA components of the 
spliceosome, known "snRNAs," 
participate directly in splicing 
reaction by interaction with intron 
consensus sequences and with each 
other.  

There are six major types of snRNAs, 
which complex with proteins to forms 
snRNPs. As suggested by the 
diagram, the snRNPs assemble on the 
pre-mRNA to form the spliceosome.  

 
RNA splicing  
RNA splicing occurs by a 2-step mechanism:  

Step 1:  
Cleavage of 5' exon-intron boundary and formation 
of intron-lariat; This is the first of two 
phosphodiester transfer reactions.  

Step 2:  

Joining of 5' and 3' exons together and release of the 
intron as lariat RNA, which is second p
transfer reaction.  

hosphodiester 
 

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/06t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/06t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/06t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/06c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/06t.html
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D. exons  
The 5'- and 3'-exons are separated by the intron. 
During the 2-step splicing reaction, the intron is 
removed and the exons are joined together.  
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Problem 7: Promoters  

Promoters for eukaryotic mRNA synthesis:  
A. are more complex than prokaryotic promoters  
B. can require binding of multiple transcription factors to form a transcription complex  
C. have specific DNA sequences such as the "TATA" box that are recognized by proteins  

 

D. are the stretches of DNA to which RNA polymerase binds to initiate transcription  
E. all of these
 
Eukaryotic Transcription Complex  
The structure of a eukaryotic transcription complex contains many more transcription factors 
than a prokaryotic transcription system. These proteins are needed to recognize the specific 
DNA sequences in the eukaryotic promoter to which RNA polymerase binds to initiate 
transcription.  

The transcription complex positions RNA polymerase at the beginning of a eukaryotic gene. 
The complex contains basal factors, such as the TATA-binding proteins. The RNA 
polymerase requires multiple transcription factors to form the transcription complex that 
recognizes specific sequences such as the "TATA" box that precedes the start site for pre-
mRNA synthesis.  
 
E. all of these  
In addition to these general features of eukaryotic promoter recognition, there are many 
transcriptional activators that bind to DNA elements known as "enhancers" and help promote 
the initiation of RNA synthesis for specific genes.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/07t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/07t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/07t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/07t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/07c.html
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Problem 8: Protein coding sequences  

The regions of DNA in a eukaryotic gene that encode a polypeptide product are called:  
A. hnRNAs  
B. exons  
C. enhancers  
D. leader sequences
E. tRNAs 

 
Introns  
The coding regions of many eukaryotic genes are interrupted by non-coding sequences known 
as introns. Introns are stretches of DNA whose transcripts are absent from mature mRNA 
product. Exons are stretches of DNA whose transcripts are present in mature mRNA and 
encode the product of the eukaryotic gene. The relationship between the interrupted exons at 
the DNA sequence level and the spliced exons in the mRNA is shown in the diagram.  

 
 
B. exons  
Exons are joined together during splicing, and translated on ribosomes into the polypeptide 
product of the gene.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/08t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/08c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/08t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/08t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/08t.html
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Problem 9: Hybridization of mRNA with the DNA coding strand  

mRNA will form hybrids only with the coding strand of DNA because:  
A. DNA will not reanneal at high temperatures  
B. the salt concentration will affect DNA reannealing  
C. DNA will not reanneal at low temperatures  
D. RNA:DNA hybridization follows the base-pairing rules
E. denatured DNA will not reanneal after it is diluted 

 
DNA-RNA duplex molecule  
An RNA molecule can form a base-paired DNA-RNA duplex molecule with a DNA that has 
complementary base pairing. The most common source of DNA complementary to an mRNA 
is the DNA coding strand that was the template for synthesis of the RNA. RNA-DNA 
hybridization follows the same base pairing rules as two complementary DNA strands. The 
two complementary strands have opposite polarity, i.e. a strand with 5' → 3' direction pairs 
with a complementary strand of opposite direction, 3' → 5'.  

In DNA-RNA hybrid formation, G base pairs with C, A of the RNA pairs with T of the DNA, 
and U or the RNA pairs with A of the DNA. The DNA-RNA hybridization reaction is 
illustrated below:  

 
 

D. RNA:DNA hybridization follows the base-pairing rules  
An RNA molecule can form a base-paired DNA-RNA duplex molecule with a DNA that has 
complementary base pairing.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/09c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/09t.html
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Problem 10: Regulating mRNA synthesis  

Which of the following is NOT involved in regulating the synthesis of RNA in the eukaryotic 
nucleus?  
A. active genes in euchromatin, and inactive genes in heterochromatin  
B. amplification of some genes such as rRNA genes  
C. use of different RNA polymerases to transcribe different classes of RNA 
D. spliceosomes that stimulate synthesis of intron-containing hnRNAs  
E. enhancers that can stimulate specific promoters 

 
Spliceosomes  
Spliceosomes are RNA-protein complexes active in processing of nuclear RNA transcripts in 
eukaryotic cells. For a review of the action of spliceosomes, review the tutorial to question 6. 
Spliceosomes are not believed to act in regulation of RNA synthesis in the nucleus.  
Regulation of eukaryotic RNA synthesis  
By contrast, all of the other answer choices represent mechanisms for potential regulation of 
eukaryotic RNA synthesis.  
Euchromatin vs Heterochromatin:  
Euchromatin represents areas of the chromosomal DNA available for active transcription. 
Heterochromatin are transcriptionally inactive stretches of DNA due to the sequestering of the 
DNA template in DNA-protein complexes.  
Gene Amplification:  
Genes expressed at high levels, such as rRNA, tRNA, and histone mRNA genes are generally 
present in high copy number. Additional amplification of rRNA genes occurs in some 
organisms during rapid growth, i.e. frog oocytes.  
Multiple RNA Polymerases:  
The eukaryotic nucleus contains three major classes of DNA-dependent RNA polymerase. 
Enzymes of the different classes have different transcriptional specificity, and recognize 
different types of promoters, as summarized in the following table:  

 

Enhancers:  
An enhancer is a specific DNA sequence that is recognized by a transcriptional activator. The 
activator is a protein that can bind to the enhancer DNA sequence and increase the amount of 
RNA synthesized from a specific gene. Enhancers are associated with the promoter for a 
gene. The promoter is the DNA sequence recognized by the RNA polymerase as a correct 
start site for the synthesis of RNA. The enhancer can be located hundreds, or even several 
thousand base pairs from the promoter and still bind with activators to increase the amount of 
RNA synthesized from a promoter.  

Proteins that recognize enhancers generally bind to the DNA sequence in the major groove 
with one of several evolutionarily conserved DNA-binding motifs, such as zinc finger, leucine 
zipper, homeodomain, or helix-turn-helix.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/10c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/06t.html
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D. spliceosomes that stimulate synthesis of intron-containing hnRNAs  
Spliceosomes are RNA-protein complexes active in processing of nuclear RNA transcripts in 
eukaryotic cells. Spliceosomes are not believed to act in regulation of RNA synthesis in the 
nucleus.  
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Problem 11: Features of hnRNA  

Which of the following features would you NOT expect to find in heterogeneous nuclear 
RNA (hnRNA)?  
A. intron  
B. polycistronic coding  
C. polyadenylation at 3'-end 
D. 5-' cap structure  

 E. U nucleotides
 
Heterogeneous nuclear RNA (hnRNA)  
The primary precursor mRNA transcript made in the eukaryotic nucleus are called "hnRNA," 
an abbreviation for "heterogeneous nuclear RNA." What are the features of hnRNA?  
Introns:  
Since many eukaryotic nuclear genes are interrupted by introns, RNA transcripts of intron-
containing genes have intronic RNA sequences.  
Poly A tails at the 3'-end:  
Poly A tails added to the 3'-end of most, but not all hnRNAs during nuclear RNA processing. 
These tails are retained in the processed mRNA.  
5'-Cap structure:  
A modified GTP is covalently attached to the 5'-end of most precursors to mRNA. This cap 
structure is also retained in the processed mRNA.  
Base Composition and relation to template strand:  
RNA is synthesized from a DNA template. The sequence of the RNA is complementary to the 
DNA template strand, and opposite in polarity. C and T in the DNA template are transcribed 
by RNA polymerase as G and A in the hnRNA, respectively. A and G in the DNA template 
are transcribed as U and C in hnRNA. Thus hnRNA and mRNA are sequences of A, G, C and 
U's.  
 
B. polycistronic coding  
Polycistronic mRNAs are very common in prokaryotes, but are rare in eukaryotes.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/11t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/11c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/11t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/11t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/11t.html
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Problem 12: Features of nuclear RNA processing  

Which of the following is not part of RNA processing in eukaryotes?  
A. splicing of exons  
B. reverse transcription  
C. addition of a 5' cap  
D. addition of a poly A tail 
E. intron removal 

 
RNA processing  
The details of RNA processing in eukaryotes was previously reviewed in the tutorial for 
Question 1.  
The important processing steps are the following:  
1. Capping. A modified G-nucleotide, termed a "cap", is added to the 5'-end of most mRNA. 

The cap is retained in mRNA, and functions in ribosome binding and mRNA stability.  
2. 3'-Polyadenylation. A tail of A-nucleotides, generally 100-200 long, is added to the 3'-

end of most eukaryotic pre-mRNAs. The poly A tail, which is not coded in the DNA, is 
also retained in the mRNA exported to the cytoplasm.  

3. Intron Splicing and Splicing of Exons. The pre-mRNA transcripts often contain introns, 
which are noncoding sequences that interrupt the coding regions known as exons. Introns 
are removed and exons are joined together by the spliceosome in the nucleus.  
  

B. reverse transcription  
Reverse transcription is the enzymatic synthesis of DNA from an RNA template by the 
enzyme reverse transcriptase. This enzyme is not involved in the RNA processing reactions.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/12t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/12c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/12t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/12t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/12t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/01T.html
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Problem 13: Information transfer to the cytoplasm  

Which of the following molecules functions to transfer information from the nucleus to the 
cytoplasm?  
A. DNA  
B. mRNA  
C. tRNA  
D. proteins 
E. lipids 

  
Information flow  
The "central dogma" of information flow in molecular biology is illustrated in the figure. 
Direction of information flow is shown by the colored arrows. DNA encodes the information 
of the genome, which is copied during DNA replication. In eukaryotic cells, DNA replication 
occurs in the nucleus, where the chromosomes reside.  

 
Transcription  
Genetic information in converted to RNA during the process of transcription. In eukaryotes, 
transcription occurs in the nucleus. Following RNA processing, RNAs exit the nucleus to the 
cytoplasm where they are utilized. mRNAs in particular carry the information for protein 
sequences. Thus mRNAs are used to convey genetic information from the nucleus to the 
cytoplasm.  
Translation  
Translation is the synthesis of proteins on ribosomes, where the information for amino acid 
sequence encoded in mRNA (and originally in DNA) is retrieved and converted to the 
sequence of amino acids in a protein.  
 
B. mRNA  
mRNAs exit the nucleus to the cytoplasm where they are translated on ribosomes. Thus 
mRNAs convey genetic information from nucleus to cytoplasm.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/13t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/13c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/13t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/13t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/mol_genetics_of_eukaryotes/13t.html
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Problem 1: DNA, the genetic material  

Which scientists first gave experimental evidence that DNA is the genetic material?  
A Avery, MacLeod, and McCarty who repeated the transformation experiments of Griffith, 

and chemically characterized the transforming principle.  
B Garrod, who postulated that Alcaptonuria, or black urine disease, was due to a defective 

enzyme. 

 

 

C Beadle and Tatum, who used a mutational and biochemical analysis of the bread mold 
Neurospora to establish a direct link between genes and enzymes.

D Meselson and Stahl who showed that DNA is replicated semiconservatively. 
E Watson and Crick who gave a model for the structure of DNA

Avery, MacLeod, and McCarty, 1944 

Avery, MacLeod, and McCarty's landmark study 
followed up on the work of Griffith (diagrammed 
below). 

 

1. Purified S strain extracts 
to characterize the 
transforming principle.  

2. Material was resistant to 
proteases; it contained no 
lipid or carbohydrate.  

3. If DNA in the extract is 
destroyed, the 
transforming principle is 
lost.  

4. Pure DNA isolated from 
the S strain extract 
transforms R strain.  

5. Avery cautiously 
suggested that DNA was 
the genetic material.  

6. This was the first 
experimental evidence that 
DNA is the genetic 
material.  

A Avery, MacLeod, and McCarty who repeated the transformation experiments of Griffith, 
and chemically characterized the transforming principle.  
Avery, MacLeod, and McCarty showed that DNA from the virulent smooth strain of 
pneumococcus would transform rough into the smooth strain. This was the first experiment to 
conclude that DNA is the genetic material.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/01t.html
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Problem 2: 14N distribution after one generation  

In the Meselson-Stahl DNA replication experiment, what percent of the DNA was composed 
of one light strand and one heavy strand after one generation of growth in 14N containing 
growth media?  
A 0  

B 25  

C 50  

D 75  

E 100  

Meselson and Stahl's Experiment 
Meselson and Stahl in 1957 gave experimental evidence that each DNA strand served as a 
template for new synthesis, a process called semiconservative replication  

• E. coli grown in 15N nitrogen (heavy isotope).  
• Switch to 14N nitrogen (light) and after one, two, or three generations  
• Take samples of DNA.  
• Mix with cesium chloride and separate heavy and light DNA.  

Experimental Methods 

DNA of heavy, light, and intermediate densities can be separated by centrifugation.  

 

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/02c.html
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Experimental Results 

 

Conclusions 

• Results show that after one generation, the double stranded DNA is 100% 
intermediate density, 1 strand heavy (from the parent) and 1 strand light (newly 
synthesized). This result is predicted by semiconservative replication. 

• Conclusion- as predicted by Watson and Crick, DNA strands serve as templates for 
their own replication. 

E 100 

During semiconservative replication, each of the dense strands of parental DNA serves as a 
template for the synthesis of new DNA. After one generation, all of the daughter DNA's will 
include one single strand of parental DNA (heavy) and one single strand of newly synthesized 
DNA (light).  
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Problem 3: The replication fork  

 

In this diagram of the process of DNA replication at a 
replication fork, the strand labeled B is the:  

A template strand  

B lagging strand  

C leading strand  

D Okazaki fragment  

E RNA primer  

DNA Replication 

• The two antiparallel strands are replicated simultaneously in both directions. 
• RNA primers are used to initiate a new strand. 
• The parent strand at the 3' end of the template determines the daughter or leading 

strand in continuous replication. 
• The parent strand at the 5' end of the template produces the lagging strand as short 

pieces of DNA (100-200 nucleotides in eukaryotes and longer in prokaryotes). 
• The lagging strand fragments are called Okazaki fragments after their discoverer, Reiji 

Okazaki. 
• The RNA primers are removed by DNA polymerase and the fragments are joined by 

DNA ligase. 

Direction of replication 

 

New strands are always synthesized in the 5' to 3' direction. The 5' 
triphosphate can only be added to a free 3'OH of deoxyribose.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/03c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/03t.html


 24

The replication fork 

 

C leading strand 

The leading strand is the newly synthesized DNA with addition of nucleotides moving in the 
same direction as the replication fork. Since DNA replication is 5' to 3', this means that the 
leading strand will always have its 3' end towards the replication fork.  
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Problem 4: The replication fork  

 

In this diagram of the process of DNA replication at a 
replication fork, the newly synthesized DNA strand labeled 
C is the:  

A coding strand  

B parental DNA  

C leading strand  

D lagging strand  

DNA Replication 

• DNA template with synthesis of a new strand in the 5' to 3' direction. 
• The 5' triphosphate can only be added to a free 3'OH of deoxyribose. 
• The two antiparallel strands are replicated simultaneously in both directions. 
• RNA primers are used to initiate a new strand. 
• The parent strand at the 3' end of the template determines the daughter or leading 

strand in continuous replication. 
• The parent strand at the 5' end of the template produces the lagging strand as short 

pieces of DNA (100-200 nucleotides in eukaryotes and longer in prokaryotes). 
• The lagging strand fragments are called Okazaki fragments after their discoverer, Reiji 

Okazaki. 
• The RNA primers are removed by DNA polymerase and the fragments are joined by 

DNA ligase. 

Direction of replication 

 

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/04t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/04t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/04t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/04c.html
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The replication fork 

 

D lagging strand 

The lagging strand is the newly synthesized DNA where addition of nucleotides is on the end 
opposite or away from the replication fork. This fragment has its 5' end near the replication 
fork, and must be synthesized as short Okazaki fragments to fill in the spaces created by 
unwinding the DNA.  



 27

Problem 5: More on the replication fork  

 

In this diagram of the process of DNA replication at a 
replication fork, the black boxes labeled D and E are:  

A RNA primers  

B DNA template strands  

C Okazaki fragments  

D DNA polymerase  

E Newly synthesized DNA strand  

DNA Replication 

• DNA template with synthesis of a new strand in the 5' to 3' direction. 
• The 5' triphosphate can only be added to a free 3'OH of deoxyribose. 
• The two antiparallel strands are replicated simultaneously in both directions. 
• RNA primers are used to initiate a new strand. 
• The parent strand at the 3' end of the template determines the daughter or leading 

strand in continuous replication. 
• The parent strand at the 5' end of the template produces the lagging strand as short 

pieces of DNA (100-200 nucleotides in eukaryotes and longer in prokaryotes). 
• The lagging strand fragments are called Okazaki fragments after their discoverer, Reiji 

Okazaki. 
• The RNA primers are removed by DNA polymerase and the fragments are joined by 

DNA ligase. 

Direction of replication 

 

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/05c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/05t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/05t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/05t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/05t.html
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The replication fork 

 

A RNA primers  
The initiation of replication always starts with a short RNA piece. The DNA replicating 
enzymes will only add nucleotides to the 3' end of DNA or RNA, and thus an RNA primase 
must start replication. The DNA polymerases must correct errors or "proofread", a function 
that is not compatible with initiation.  
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Problem 6: Meselson-Stahl DNA replication experiment  

In the Meselson-Stahl DNA replication experiment, if the cells were first grown for many 
generations in 15N containing media, and then switched to 14N containing media, what percent 
of the DNA had 1 light strand and 1 heavy strand after 2 generations of growth in 15N growth 
media?  
A 0  

B 25  

C 50  

D 75  

E 100  

Meselson and Stahl's Experiment 

Meselson and Stahl in 1957 gave experimental evidence that each DNA strand served as a 
template for new synthesis, a process called semi-conservative replication  

• E. coli grown in 15N nitrogen (heavy isotope).  
• Switch to 14N nitrogen (light) and after one, two, or three generations take samples of 

DNA.  
• Mix with cesium chloride and separate heavy and light DNA.  

Experimental Methods 

DNA of heavy, light, and intermediate densities can be separated by 
centrifugation. 

 

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/06t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/06t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/06c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/06t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/06t.html
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Experimental Results 

 

Conclusions 

• Results show that after one generation, the double stranded DNA is 1/2 heavy (from 
the parent) and 1/2 light (newly synthesized). This means that 100% of the strands are 
of intermediate density.  

• After a second generation, one half of the new daughter strands are light (using 14N 
DNA as template and synthesizing 14N NA) and one half are intermediate density 
(using 15N DNA as a template and 14N DNA for synthesis). This result is predicted by 
semiconservative replication.  

• Conclusion- as predicted by Watson and Crick, DNA strands serve as templates for 
their own replication.  

C 50  

After one generation in light 14N, all DNAs would be intermediate density. A second 
generation of semiconservative replication would leave half the DNAs as intermediate density 
and half as light density.  



 31

Problem 7: Transformation  

Frederick Griffith accidentally discovered transformation when attempting to develop a 
vaccine for pneumonia. He injected mice with samples from S-strain (virulent) and/or R-strain 
(nonvirulent) pneumococci bacteria (Streptococcus pneumoniae) . Which of the following 
results is NOT consistent with Griffith's experiments?  
A injected S-strain; mouse dies.  

B injected R-strain; mouse lives.  

C injected heat-killed S-strain; mouse lives.  

D injected mixture of heat-killed S-strain and live R-strain; mouse lives.  

E injected mixture of heat-killed R-strain and live S-strain; mouse dies.  

Griffith, 1928 

1. Mice injected with S strain pneumococcus die. 
2. Mice injected with R strain live. 
3. Extracts from S strain transform the R strain into virulent S strain. 
4. Observation gives a potential assay for the genetic material. 

 

D injected mixture of heat-killed S-strain and live R-strain; mouse lives.  

The key to the eventual successful demonstration that DNA is the genetic material came when 
Griffith demonstrated that the injection of heat killed smooth strain extract with live rough 
strain bacteria led to the death of mice. Avery and co-workers followed up of these 
experiments showing that the active agent in extracts was DNA.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/07t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/07t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/07t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/07c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/07t.html


 32

Problem 8: Complementary bases  

For the DNA strand 5'-TACGATCATAT-3' the correct complementary DNA strand is:  
A 3'-TACGATCATAT-5' 

 

 

 

 

B 3'-ATGCTAGTATA-5'
C 3'-AUGCUAGUAUA-5'
D 3'-GCATATACGCG-5'
E 3'-TATACTAGCAT-5'

Complementary strands 

The complementary strand for DNA must follow the base pairing and polarity rules. Pairing 
means that A=T and G=C. Polarity means that the strands have to run in opposite directions. 
First write the correct base pairing below the original sequence and label the 5' and 3' ends. 

Next determine which answer gives the same sequence and polarity. Note that both of the 
solutions are the same. 

 

B 3'-ATGCTAGTATA-5'  

For the sequence 5'-TACGATCATAT-3', the correct complementary sequence of DNA must 
be: 3'ATGCTAGTATA-5'. This sequence has both the right bases and polarity.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/08t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/08c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/08t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/08t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/08t.html
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Problem 9: Problems on transcription  

Three types of RNA involved in comprising the structural and functional core for protein 
synthesis, serving as a template for translation, and transporting amino acid, respectively, are:  
A mRNA, tRNA, rRNA  

B rRNA, tRNA, mRNA  

C tRNA, mRNA, rRNA  

D tRNA, rRNA, mRNA  

E rRNA, mRNA ,tRNA  

Three types of RNA 

• mRNA- messenger RNA. The template for protein synthesis.  
• tRNA- transfer RNA. The "adapter" molecule that converts nucleic acid sequence to 

protein sequence.  
• rRNA- ribosomal RNA. The structural and sometimes catalytic molecule of the 

ribosome.  

E rRNA, mRNA ,tRNA  

rRNA's serve a structural and functional role in protein synthesis as a component of the 
ribosome. The transpeptidation reaction has been shown to be caused by rRNA. mRNA is 
transcribed from DNA to be used as a template for protein synthesis. The tRNAs bring the 
correct amino acid into the protein synthesis process.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/09c.html
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Problem 10: Protein amino acids from translated mRNA  

A messenger acid is 336 nucleotides long, including the initiator and termination codons. The 
number of amino acids in the protein translated from this mRNA is:  
A 999  

B 630  

C 330  

D 111  

E 110  

A summary of translation 

This animation of protein synthesis shows that the initiator codon on mRNA is AUG, and 
codes for methionine. Each three nucleotides in sequence after the initiation codon also 
specify an amino acid. The termination codons, UAA, UAG, UGA lack a corresponding 
tRNA, and bind release factors. Thus, for 336 coding nucleotides of a mRNA, three determine 
"stop" or release and the remaining 333 code for amino acids in groups of three.  

Thus, 333/3 = 111 amino acids. 

D 111  

A messenger RNA of 336 nucleotides, including initiator and termination codons has 333/3 
actual codons that determine amino acids The initiator codon is included since it codes for 
methionine (AUG) but the final three bases or termination codon does not specify an amino 
acid. Thus there are 336-3 codons, which would incorporate 111 amino acids into a protein.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/10c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/10t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/graphics/protsyn95.mov
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Problem 11: Products after protein synthesis  

A synthetic mRNA of repeating sequence 5'-CACACACACACACACAC... is used for a cell-
free protein synthesizing system like the one used by Nirenberg. If we assume that protein 
synthesis can begin without the need for an initiator codon, what product or products would 
you expect to occur after protein synthesis?  
A. one protein, consisting of a single amino acid  
B. three proteins, each consisting of a different, single amino acid  
C. two proteins, each with an alternating sequence of two different amino acids 
D. one protein, with an alternating sequence of three different amino acids  
E. one protein, with an alternating sequence of two different amino acids 

Deciphering the genetic code 

• Nirenberg and Matthaei 
1. Developed a method for in vitro protein synthesis requiring added mRNA. 
2. Khorana and Nirenberg laboratories synthesized synthetic polymers of RNA. 
3. Poly "U" or UUUUUUUUUUU codes for a protein containing only 

phenylalanine. 
4. Poly "CA" codes for alternating histidine-threonine polypeptides. 
5. Poly "CAA" codes for three polypeptides: polyglutamine, polythreonine, or 

polyasparagine.  
• Complete determination of the code came when they observed that an AA-tRNA 

would bind to a single synthetic codon in the presence of ribosomes. 

 

E. one protein, with an alternating sequence of two different amino acids  
Given that initiation can proceed with out the AUG methionine codon, translation can start 
anywhere but must proceed in units of three from the starting point. Thus, possible codons 
are: CAC,ACA,CAC,ACA, regardless of the starting point. Two codons would give a protein 
composed of two alternating amino acids.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/11t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/11t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/11t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/11t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/11c.html
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Problem 12: mRNA and protein coding  

Under conditions where methionine must be the first amino acid, what protein would be 
coded for by the following mRNA?  

5'-CCUCAUAUGCGCCAUUAUAAGUGACACACA-3'  

 

A. pro his met arg his tyr lys cys his thr  
B. met arg his tyr lys cys his thr  
C. met arg his tyr lys  
D. met pro his met arg his tyr lys cys his thr
E. arg his ser glu tyr tyr arg leu tyr ser 

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/12t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/12t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/12c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/12t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/12t.html
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The genetic code 

 

First find the 5'-AUG sequence that codes for the initiation amino acid, methionine. Then 
write the codons for the next amino acids. You must use the table to show that UGA is a stop 
codon. Amino acids determined by the other codons can then be read off the table.  

C. met arg his tyr lys  
Initiation starts with the methionine codon, 5'-AUG. Reading in groups of three gives CGC 
for arginine, CAU for histidine, UAU for tyrosine, AAG for lysine, and UGA a stop codon 
that releases the peptide.  
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Problem 13: mRNA polypeptide code  

Which mRNA codes for the following polypeptide?  

met arg ser leu glu 

 

A. 3'-AUGCGUAGCUUGGAGUGA-5'
B. 3'-AGUGAGGUUCGAUGCGUA-5'
C. 5'-AUGCGUAGCUUGGAGUGG-3'
D. 1'-AUGCGUAGCUUGGAGUGA-3'
E. 3'-AUGCGUAGCUUGGAGUGA-1' 

The genetic code 
The correct codons, starting with 5'-AUG for methionine can be read off the table. One of the 
stop codons must be present as well. Remember that the codon is the same whether written 
with 5' on the left or reversed with 5'- on the right. For example, 5'GUA = 3'AUG  

 

B. 3'-AGUGAGGUUCGAUGCGUA-5'  
The sequence must be 5'-AUG for met, CGU for arg, AGC for ser, UUG for leu, and GAG for 
glu followed by a stop codon UGA. One sequence starts correctly but includes a stop codon in 
the third triplet (UAG).  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/13t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/13c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/13t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/13t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/13t.html
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Problem 14: Codon-anticodon base pairing  

 

With what mRNA codon would the tRNA in the diagram be able to form a 
codon-anticodon base pairing interaction?  

A. 3'-AUG-5' 
B. 3'-GUA-5' 
C. 3'-CAU-5' 
D. 3'-UAC-5' 
E. 3'-UAG-5' 

Codons 

The codon is a sequence of three bases on mRNA that determines an amino acid. The 
anticodon is a sequence of tRNA that is complementary to the codon. For the problem, first 
write the antiparallel sequence for the codon based on the tRNA anticodon. In this example, 
the anticodon is 5'UAC. Thus, the codon would be 3'AUG which is identical to answer 1 or 
3'-AUG-5'. 

A. 3'-AUG-5'  
The key is knowing that the sequences must be antiparallel. An anticodon of 5'-UAC would 
have to bind a codon of 5'-GUA which is the same as AUG-5'.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/14c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/14t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/14t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/14t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/14t.html
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Problem 15: DNA template for mRNA synthesis  

You have obtained a sample of DNA, and you transcribe 
mRNA from this DNA and purify it. You then separate 
the two strands of the DNA and analyze the base 
composition of each strand and of the mRNA. You 
obtain the data shown in the table to the right. Which 
strand of the DNA is the coding strand, serving as a 
template for mRNA synthesis?  

 A G C T U 
DNA 

strand 
#1

19.1 26.0 31.0 23.9 0 

DNA 
strand 

#2
24.2 30.8 25.7 19.3 0 

mRNA 19.0 25.9 30.8 0 24.3 
A. Strand 1  
B. Strand 2  
C. Both strands 1 and 2  
D. Neither strand 1 nor 2  
E. Too little information to tell 

Summary of DNA transcription 

 

The diagram depicts DNA transcription. The coding strand of DNA in blue is used as a 
template for the mRNA shown in green. Complementary base pairing is used to determine the 
base sequence. A key feature is that the sequence and polarity of the mRNA is the same as the 
noncoding strand of DNA shown in red. Thus, since both the non-coding strand and the 
mRNA are transcribed from the same coding strand, their sequences are the same, except that 
U replaces T. In question 15, the correct answer has to be DNA strand #2. Strand #1 is 
noncoding since it has the same A, G, and C composition and has its T percentage equal to U 
of mRNA.  

B. Strand 2  
The mRNA uses one of the DNA strands as a template, and thus will be complementary. The 
non-coding strand of DNA is also complementary to the template, and thus the mRNA and 
noncoding strands should have the same base compositions, with U replacing T. DNA strand I 
has the same base composition as the mRNA, with the replacement of T by U.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/15t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/15c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/15t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/15t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/nucleic_acids/15t.html
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Problem 1 PCR primers  

Which of the following primers would allow copying of the single-stranded DNA sequence 5' 
ATGCCTAGGTC?  

A. 5' ATGCC 
B. 5' TACGG 
C. 5' CTGGA 
D. 5' GACCT 
E. 5' GGCAT 

Primers 
The process of DNA replication uses RNA primers. To make a copy of DNA from a known 
part of the chromosome, for example by PCR, short primers of DNA are added to DNA in a 
test tube and the appropriate enzymes are included to make a copy of the DNA. The primers 
must be complementary to the DNA and obey the polarity rule. 

For the sequence: 5' ATGCCTAGGTC the primer would have to be 5'GACCT. Extending the 
3' T would copy the single-stranded DNA sequence.  

 
D. 5' GACCT  
The 3' end of the template strand starts the 5' of the newly synthesized DNA.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/01t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/01c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/01t.html
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Problem 2 Recombinant DNA 1  

Which of the following tools of recombinant DNA technology is INCORRECTLY paired 
with one of its uses?  

A. restriction endonuclease - production of DNA fragments for gene cloning.  
B. DNA ligase - enzyme that cuts DNA, creating sticky ends.  
C. DNA polymerase - copies DNA sequences in the polymerase chain reaction. 
D. reverse transcriptase - production of cDNA from mRNA.  
E. electrophoresis - RLFP analysis.  

Creating Recombinant DNA 
•  A plasmid vector is digested with EcoRI at a single site to produce two sticky ends.  
•  A sample of human DNA is also digested with EcoRI to produce pieces with the same 
sticky ends.  
•  Human DNA- or cDNA copied from mRNA using reverse transcriptase from retroviruses.  
•  The two samples are mixed and allowed to hybridize, some molecules will form with 
pieces of human DNA inserted into the plasmid vector at the EcoRI site.  
•  DNA ligase is used to covalently link the fragments.  

 

B. DNA ligase - enzyme that cuts DNA, creating sticky ends.  
DNA ligase joins adjacent nucleotides in a covalent linkage. Restriction endonucleases cut 
DNA at specific sites creating sticky ends.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/02c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/02t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/02t.html


 44

Problem 3 Southern Technique  

The "Southern" technique involves:  

A. the detection of RNA fragments on membranes by specific radioactive antibodies. 
B. the detection of DNA fragments on membranes by a radioactive DNA probe.  
C. the detection of proteins on membranes using a radioactive DNA probe.  
D. the detection of proteins on membranes using specific radioactive antibodies.  
E. the detection of DNA fragments on membranes by specific radioactive antibodies. 

Separating DNA by gel electrophoresis 

DNA is taken from individuals A and B.  

It is digested with restriction endonuclease.  

Fragments are applied onto an agarose gel for 
electrophoresis.  

DNA has a negative charge, and in an electric 
field migrates towards a positive electrode.  

The rate of migration through a gel is 
proportional to the size of the fragment.  

   

Transferring DNA fragments to nitrocellulose sheets 
DNA fragments are transferred to nitrocellulose sheets where they bind.  
DNA fragments are denatured and separated 
by gel electrophoresis.  

Fragments are blotted onto a sheet of 
nitrocellulose and fixed by heating.  

Blot is reacted with a radioactive probe of 
RNA or DNA which binds to complementary 
DNA.  

Autoradiography is used to detect radioactive 
fragments.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/03c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/03t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/03t.html
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Fixing the fragments of DNA 

The denatures fragments of DNA are fixed by 
baking.  

A radioactive probe is added. It can hybridize 
with a gene sequence in the DNA.  

The sheet is rinsed and placed next to X-ray 
film for autoradiography.  

  
B. the detection of DNA fragments on membranes by a radioactive DNA probe.  
The Southern technique detects fragments of DNA using a radioactive DNA probe.  
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Problem 4 Recombinant DNA 2  

DNA from a eukaryotic organism is digested with a restriction endonuclease and the resulting 
fragments cloned into a plasmid vector. Bacteria transformed by these plasmids collectively 
contain all of the genes of the organism. This culture of bacteria is refereed to as a:  

A. restriction map 
B. RFLP profile  
C. F' factor  

 

 

D. library 
E. lysogenic phage

Gene library 
 
 
When the genomic DNA is digested by a 
restriction endonuclease, and all fragments 
cloned at random into a plasmid vector, then the 
majority of genetic information will be included 
in the mixture of bacteria. 

Cultures of the bacteria, with each containing 
only a fraction of the genome, collectively 
contain all the genes and are called a library.  

 
D. library  
A library is a culture of bacteria where each cell has one or a few DNA sequences from 
another organism, but the whole culture contains the majority of the DNA fragments from an 
organism.  
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Problem 5 Recombinant DNA 3  

Which of the following is not part of the normal process of cloning recombinant DNA in 
bacteria?  

A. restriction endonuclease digestion of cellular and plasmid DNAs.  
B. production of recombinant DNA using DNA ligase and a mixture of digested cellular and 

plasmid DNAs.  
C. separation of recombinant DNAs by electrophoresis using the Southern technique to 

determine where the desired recombinant migrates.  
D. transformation of bacteria by the recombinant DNA plasmids and selection using 

ampicillin .  
E. probing blots of bacteria clones with radioactive DNA complementary to the desired gene. 

Creating recombinant DNA 
A plasmid vector is digested with EcoRI at a single site to produce two sticky ends.  

A sample of human DNA is also digested with EcoRI to produce pieces with the same sticky 
ends.  

Human DNA or cDNA copied from mRNA using reverse transcriptase from retroviruses.  

The two samples are mixed and allowed to hybridize, some molecules will form with pieces 
of human DNA inserted into the plasmid vector at the EcoRI site.  

DNA ligase is used to covalently link the fragments.  

 

Transformation-incorporating the recombinant plasmid into a bacteria 
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Selecting transgenic cells resistant to antibiotic  
Plasmid vector contains an 
ampicillin resistance gene making 
the cell resistant.  

Growth of transformed cells (cells 
receiving the plasmid) can be 
identified on agar medium 
containing (e.g.) ampicillin.   

 

 

Insertional mutagenesis identifies plasmids with DNA inserts 
Identifying clones  

The plasmid vector contains another identifiable 
gene (e.g., a second drug resistance or an enzyme 
activity), with the coding sequence of this gene 
containing the restriction site for insertion.  

Insertion of the foreign DNA at this site 
interrupts the reading frame of the gene and result 
in insertional mutagenesis.  

In the example shown below, the β-galactosidase 
gene is inactivated. The substrate "X-gal" turns 
blue if the gene is intact, i.e. makes active 
enzyme. White colonies in X-gal imply the 
presence of recombinant DNA in the plasmid.   

Finding clones containing the appropriate gene 
In the following scheme, bacterial 
containing recombinant plasmids 
are grown as clones. The clones are 
blot transferred to a membrane 
sheet, and the DNA present 
denatured and fixed onto the 
surface. Adding a radioactive 
"probe" or complementary 
fragment and allowing the DNA to 
hybridize followed by exposure to 
X-ray film identifies the clone 
containing recombinant DNA with 
the correct insert.  
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C. separation of recombinant DNAs by electrophoresis using the Southern technique to 
determine where the desired recombinant migrates.  
The Southern technique is used to detect where fragments of DNA migrate on a gel during 
electrophoresis.  
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Problem 6 Applications  

Restriction endonuclease generated DNA fragments separated by gel electrophoresis and blot 
transferred onto a membrane filter are probed with a radioactive DNA fragment. This 
procedure is called:  

A. Gene cloning  
B. The Southern technique  
C. The polymerase chain reaction
D. Recombinant DNA  
E. Gene mapping 

The Southern Technique 
Transferring DNA fragments to nitrocellulose sheets  
DNA fragments are transferred to nitrocellulose sheets where they bind.  
DNA fragments are denatured and separated 
by gel electrophoresis.  

Fragments are blotted onto a sheet of 
nitrocellulose and fixed by heating.  

Blot is reacted with a radioactive probe of 
RNA or DNA which binds to complementary 
DNA.  

Autoradiography is used to detect radioactive 
fragments.  
Fixing the fragments of DNA  

The denatures fragments of DNA are fixed by 
baking.  

A radioactive probe is added. It can hybridize 
with a gene sequence in the DNA.  

The sheet is rinsed and placed next to X-ray 
film for autoradiography.  

B. The Southern technique  
The Southern technique detects the location of DNA fragments on gel electrophoresis.  
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Problem 7 Huntington's disease 1  

The data below shows the results of 
electrophoresis of PCR fragments amplified 
using probes for the site which has been shown 
to be altered in Huntington's disease. The male 
parent, as shown by the black box, got 
Huntington's disease when he was 40 years old. 
His children include 6 (3,5,7,8,10,11) with 
Huntington's disease, and the age at which the 
symptoms first began is shown by the number 
above the band from the PCR fragment.  

 

What is the prognosis for the normal children 4, 6, and 9?  
A. 4 and 9 do not have the trait, and will not get Huntington's disease, but 6 is likely to start 

the disease when he reaches his father's age of 40.  
B. 4, 6, and 9 are lucky and have not inherited the defect causing Huntington's disease.  
C. 4, 6, and 9 will still develop Huntington's disease at some point in their lives, since the 

disease is inherited as a dominant trait.  
D. Two of the three will develop the disease, since it is inherited as a dominant trait, but the 

data does not allow you to predict which two.  
E. 4, 6, and 9 must be children of a different father, and thus do not carry the trait for 

Huntington's disease.  

Prognosis for children 
During electrophoresis, fragments of DNA migrate through a gel with larger fragments 
moving more slowly. In Huntington's disease, PCR amplifies a region of the chromosome 
which has variable number of repeating CAG sequences. Normal individuals can have up to 
30 copies of the sequence but individuals with Huntington's have from 37 to over a hundred.  

In the gel showing results of the PCR experiment for a family with a father having 
Huntington's disease, children 4 and 9 show only normal sizes for this region, showing that 
they will not get the disease.  

The normal individual 6 has amplified sequences similar to the diseased father, showing that 
he too will get Huntington's disease. The size of the CAG fragment correlates with the age of 
onset. Since the father got the disease at age 40, and child 6 has the same size of the fragment, 
we can suggest that he is likely to get Huntington's disease about the time he reaches 40.  
 
A. 4 and 9 do not have the trait, and will not get Huntington's disease, but 6 is likely to start 
the disease when he reaches his father's age of 40.  
Children 4 and 9 do not have an amplified CAG repeat, and their PCR product migrates with 
control normals. Child 6 is currently normal, but has an allele with approximately the same 
number of repeats as the father. Thus, you could expect the child to develop Huntington's 
disease when he/she reaches 40.  
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Problem 8 Huntington's disease  

The data below shows the results of electrophoresis of PCR fragments amplified using probes 
for the site which has been shown to be altered in Huntington's disease. The male parent, as 
shown by the black box, got Huntington's disease when he was 40 years old. His children 
include 6 (3,5,7,8,10,11) with Huntington's disease, and the age at which the symptoms first 
began is shown by the number above the band from the PCR fragment.  

 

In the Figure showing data on Huntington's disease, which of the following conclusions is 
valid:  
A. No relationship between age of onset of disease and the migration rate of PCR fragments.  
B. A shorter PCR fragment predicts early onset of Huntington's disease.  
C. Increased length of the amplified PCR fragment predicts early onset of Huntington's 

disease.  
D. Huntington's disease must be contagious since many of the children have the disease.  
E. None of the above.  

Relationship between the number of CAG repeats and the age of onset of 
the disease 
The PCR amplified region shows a correlation between size of the fragment, a measure of the 
number of times CAG is repeated, and the age of onset. Larger fragment size correlates with 
earlier disease.  
 
C. Increased length of the amplified PCR fragment predicts early onset of Huntington's 
disease.  
There is an inverse relationship between the number of CAG repeats and the age at which 
Huntington's disease begins.  
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Problem 9 Recombinant DNA 4  

"Gene library" is a term used to describe:  

A. a computerized listing of known DNA sequences .  
B. bacteria with plasmids containing DNA fragments representing the majority of the genetic 

information from a plant or animal.  
C. a collection of books about recombinant DNA technology.  
D. a compilation of the amino acid sequences of protein coding genes.  
E. a store that specializes in the sale of Levis.  

Gene library 

When the genomic DNA is digested by a 
restriction endonuclease, and all fragments 
cloned at random into a plasmid vector, then the 
majority of genetic information will be included 
in the mixture of bacteria. 

Cultures of the bacteria, with each containing 
only a fraction of the genome, collectively 
contain all the genes and are called a library.  

 
 
B. bacteria with plasmids containing DNA fragments representing the majority of the genetic 
information from a plant or animal.  
A library is a culture of bacteria where each cell has one or a few DNA sequences from 
another organism, but the whole culture contains the majority of the DNA fragments from an 
organism.  

http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/09c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/09c.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/09t.html
http://www.biology.arizona.edu/molecular_bio/problem_sets/Recombinant_DNA_Technology/09t.html


 54

Problem 10 Recombinant DNA 5  

One of the most significant discoveries which allowed the development of recombinant DNA 
technology was:  

A. the discovery of antibiotics used for selecting transformed bacteria.  
B. the identification and isolation of restriction endonucleases permitting specific DNA 

cutting.  
C. the discovery of DNA and RNA polymerase allowing workers to synthesize any DNA 

sequence.  
D. the development of the polymerase chain reaction.  
E. the Southern technique for separation and identification of DNA sequences.  

Restriction endonucleases 

Restriction endonucleases cut double stranded DNA at 
specific sequences and protect against viruses in 
bacteria.  

Sequences may be palindromes, a sequence which is the 
same when read in either direction. For example, "Able 
was I ere I saw Elba."  

Example of specificity of restriction endonucleases 

 

Restriction endonucleases allow the specific and reproducible fragmentation of DNA. 

The discovery of these enzymes allowed the development of modern recombinant DNA 
technology.  

B. the identification and isolation of restriction endonucleases permitting specific DNA 
cutting.  
Prior to the discovery of these enzymes, there was no reproducible way to fragment DNA.  
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Problem 11 Identifying recombinants  

A key feature of insertional mutagenesis for the identification of plasmids containing 
recombinant DNA is:  

A. the production of nutritional auxotrophs.  
B. the DNA sequencing of recombinant plasmids.  
C. the production of restriction endonuclease maps of recombinant plasmids. 
D. introns can be moved to new locations within the gene.  
E. the disruption of a gene on the plasmid by the inserted recombinant DNA. 

Insertional mutagenesis 
The plasmid vector contains another identifiable gene (e.g., a second drug 
resistance or an enzyme activity), with the coding sequence of this gene 
containing the restriction site for insertion.  

Insertion of the foreign DNA at this site interrupts the reading frame of 
the gene and result in insertional mutagenesis.  

Example 
 
In this example, the β-
galactosidase gene is 
inactivated.  

The substrate "X-gal" turns 
blue if the gene is intact, 
i.e. makes active enzyme.  

White colonies in X-gal 
imply the presence of 
recombinant DNA in the 
plasmid.  

 
 
E. the disruption of a gene on the plasmid by the inserted recombinant DNA.  
For example, ß-galactosidase on the plasmid can be disrupted by the inserted gene.  
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Problem 1: Components of the lac operon of E. coli 

Which of the following is not part of the lac operon of E. coli?  

A. genes for inducible enzymes of lactose metabolism
B. genes for the repressor, a regulatory protein  
C. gene for RNA polymerase  
D. a promoter, the RNA polymerase binding site  
E. the operator, the repressor binding site 

The Operon Model 
An operon is a coordinately regulated unit of transcription in bacteria. The operon model was 
proposed by Jacob, Monod, and Wollman based on their genetic and biochemical studies on 
lactose-requiring mutations of E. coli. An operon is a unit of the bacterial chromosome 
consisting of the following components:  

 

1. A regulatory gene 
The regulatory gene codes for a regulatory protein. The lac repressor, encoded by the lac I 
gene, is the regulatory protein of the lac operon.  

2. An operator 
The operator is the region of DNA of the operon that is the binding site for the regulatory 
protein.  

3. A promoter 
The promoter is the DNA sequence of the operon recognized by DNA-dependent RNA 
polymerase. The initiation site for RNA synthesis is immediately downstream of the 
promoter. The gene for DNA-dependent RNA polymerase is not part of the operon, since 
the RNA polymerase enzyme transcribes all bacterial operons.  

4. Structural genes 
The operon encodes one or more genes for inducible enzymes. The lac operon encodes 
enzymes necessary for lactose metabolism, including ß-galactosidase, ß-galactoside permease, 
and ß-galactoside transacetylase.  
 
C. gene for RNA polymerase  
The RNA polymerase genes encode subunits of the DNA-dependent RNA polymerase that 
are involved in the transcription of all E. coli operons.  
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Problem 2: The role of the inducer of the lac operon  

The inducer:  

A. combines with a repressor and prevents it from binding to the promoter.  
B. combines with a repressor and prevents it from binding to the operator.  
C. binds to the promoter and prevents the repressor from binding to the operator. 
D. binds to the operator and prevents the repressor from binding at this site.  
E. binds to the termination codons and allows protein synthesis to continue.  

The inducer 
The inducer is a small molecule that is a signal within the cell that lactose is available for 
metabolism. The natural inducer is allolactose, an isomer of lactose.  

In the absence of the inducer 

 
In the absence of the inducer, the repressor protein binds to the lac operon DNA and prevents 
synthesis of the mRNA for the lac operon. Since lactose is not available for metabolism, the 
cell has no need to express enzymes required for the metabolism of lactose.  

In the presence of the inducer 

 
In the presence of the inducer, the inducer binds to the repressor protein "inducing" a 
conformational change in the structure of the repressor protein. The repressor protein-inducer 
complex does not bind to the lac operator DNA. mRNA synthesis from the lac operon can 
occur when inducer is present.  

This regulatory circuit allows E. coli to turn off expression of genes for lactose metabolism 
when lactose is unavailable, and turn on these genes when lactose is present.  
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B. combines with a repressor and prevents it from binding to the operator. 
The inducer binds to the repressor protein and induces a conformational change so that the 
repressor does not bind to the operator DNA sequence.  
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Problem 3: Phenotype of lac Z- E. coli cells  

An E. coli strain is lac Z . The structural gene for ß-galactosidase is encoded at the lac Z 
locus. How would you describe the regulation of lactose metabolism in these cells?  

A. normal regulation of lactose metabolism.  
B. constitutive expression of lac Z+.  
C. inability to synthesize the lac Z+ gene product, ß-galactosidase.  
D. lac Z+ gene is inducible, but unable to be repressed by high glucose. 
E. no synthesis of the lac I gene product, the lac repressor.  

Phenotype of a lac Z  cell 
The term lac Z  (read as "lac Z minus,") means the DNA that encodes ß-galactosidase, the E. 
coli lac Z gene product, is defective or absent due to mutation. The phenotype of a cell that is 
lac Z  is an inability to synthesize the lac Z  gene product, ß-galactosidase. Without this 
enzyme, cells cannot metabolize lactose, and fail to grow if lactose is the only energy source.  

There are several types of mutation that can cause a lac Z  phenotype. These include:  

Nonsense mutation  
A codon for an amino acid is mutated to a termination codon (UAA, UAG, UGA), causing 
premature termination during protein synthesis. 
Missense mutation  
A codon for an amino acid is mutated to a codon for a different amino acid. The new amino 
acid substitution renders the enzyme inactive. 
Deletion mutation  
A portion of the DNA of the lac Z gene is absent. With enzyme coding information absent, a 
functional enzyme cannot be synthesized.  
 
C. inability to synthesize the lac Z- gene product, ß-galactosidase.  
Cells mutated in the structural gene lac Z which encodes the enzyme ß-galactosidase cannot 
synthesize the enzyme.  
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Problem 4: Exchange of genetic information between bacteria  

Cells of an E. coli strain that are trp  lac Z  met  bio  were mixed with cells of an E. coli strain 
that are trp  lac Z  met  bio  and cultured for several hours. Then cells were removed, washed, 
and transferred to minimal media containing lactose as the only sugar source. A few cells 
were able to grow on minimal media with lactose, and formed colonies. How did these few 
cells become trp  lac Z  met  bio ?  

A. transformation. 
B. transduction.  
C. sexduction.  
D. conjugation.  
E. transposition.  

Gene recombination 
In this problem, the experimental results point to gene recombination between the two 
different E. coli strains. The met  bio  genes of one strain have been recombined with the trp  
lac Z  genes of the second strain to create a new strain of genotype trp  lac Z  met  bio . We 
normally associate genetic recombination with a sexual process, whereby the two DNAs are 
present in the same cell, and undergo homologous recombination. Did this occur by a sexual 
process involving conjugation and mixing of DNAs of two living cells?  

Sex in bacteria 
The occurrence of sex in bacteria was first described by Joshua Lederberg and Edward Tatum 
in 1946 (Nature, volume 158, page 558), who were studying mixed cultures of E. coli strains 
with various nutritional mutations. The mutant strains differed from the wild type strains in 
lacking the ability to synthesize growth factors such as amino acids and vitamins, similar to 
the strains in the present problem.  

In one experiment, two triple mutants of E. coli, one requiring threonine, leucine, and 
thiamine, and the second requiring biotin, phenylalanine, and cystine were grown in mixed 
cultures. At very low frequency, recombinant strains with no growth-factor requirement were 
obtained. They ruled out spontaneous mutations and transformation by the culture medium as 
the source of recombinant strains. In the words of Lederberg and Tatum, "These experiments 
imply the occurrence of a sexual process in the bacterium Escherichia coli."  

 
D. conjugation  
Genetic conjugation between bacteria was first described by Lederberg and Tatum in 1946.  
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Problem 5: DNA transfer by an F factor  

An E. coli strain is F  lac Z  met  bio . Cells from this strain are mixed with an E. coli strain 
that is lac Z  met  bio  and carrying an F' episome with the plac O  lac Z  DNA sequence on th
episome, and cultured for several hours. Then cells were removed, washed, and trans
minimal media containing lactose as the only sugar source. A few cells were able to grow o
minimal media with lactose, and formed colonies. How did these few cells become  
lac Z

e 
ferred to 

n 

 met  bio ?  

A. transformation.  

pecial type of conjugation. 

 

Conjugation 
E. coli bacteria can sexually conjugate and exchange genetic 

 the 

B. transduction.  
C. sexduction, a s
D. conjugation.  
E. transposition. 

From question 4, we learned that 
information. The genes that are required for conjugation, including the components of the pili 
on the surface of the male bacterium and the conjugation tube used for one-directional 
transfer of a copy of male DNA to the female cell, are encoded on the F' factor DNA of
male bacterium.  

 

During conjugation, a copy of the F' factor DNA is transferred from the male to the female. 

c Z 

n 

C. sexduction, a special type of conjugation  

The process by which autonomous pieces of DNA are carried into an F

The female becomes male following conjugation! An F' factor, also called an F' episome, 
contains additional genes besides those required for conjugation. In this experiment, the la
gene, encoding ß-galactosidase and the regulatory sequences of the operator are transferred 
with the F' factor. Transfer of an F' factor episome is a specialized type of conjugation know
as sexduction.  

 bacterium by an F 
factor DNA is called sexduction.  
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Problem 6: Different alleles for a bacterial genes  

How many lac Z genes were present in the cells described in problem 5 that were able to grow 
on minimal media?  

A. Only 1, the lac Z- allele on the bacterial chromosome.  
B. Only 1, the lac Z+ allele on the bacterial chromosome.  
C. Two, the lac Z- allele on the bacterial chromosome and the lac Z+ allele on the bacterial 

chromosome.  
D. Two, the lac Z- allele on the bacterial chromosome and the lac Z+ allele on the F' episome. 
E. Only 1, the lac Z+ allele on the F' episome.  

Conjugation 
The female bacterium in the conjugation experiment described in problem 5 had a beginning 
genotype of lac Z  met  bio . The lac Z locus on the bacterial chromosome is a mutant allele. 
Following conjugation and transfer of a copy of the F'  episome, the new genotype of the 
recipient bacterium is still lac Z  met  bio  on the bacterial chromosome, but now with a Plac 
O  lac Z  DNA sequence on the episome. This recombinant genotype is now diploid for the 
lac Z locus.  

 

Note that partially diploid bacteria can be used to study the dominance/recessive relationships 
between different alleles of a gene. In this case, cells that are lac Z /lac Z  are able to 
metabolize galactose, establishing that lac Z  is dominant to lac Z  as expected. 

D. Two, the lac Z  allele on the bacterial chromosome and the  
lac Z  allele on the F' episome.  
E. coli cells with an F' episome may have more than one allele of a particular gene. In this 
case the lac Z  allele of the F' episome is dominant to the lac Z  allele of the bacterial 
chromosome. When cells are partially diploid for one or a few genes, dominance among the 
various alleles can be experimentally studied.  
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Problem 7: Regulation of lac Z gene on an F' episome  

How would you describe the regulation of lactose metabolism in the cells described in 
problem 5 that were able to grow on minimal media with lactose as a nutrient?  

A. normal regulation of lactose metabolism.  
B. constitutive expression of lac Z+.  
C. inability to synthesize the lac Z+ gene product, ß-galactosidase. 

D. lac Z+ gene is inducible, but unable to be repressed by high glucose. 
E. no synthesis of the lac I gene product, the lac repressor .  

Result of conjugation 
Following conjugation the "female" strain with a genotype of lac Z  met  bio  receives an F' 
fertility factor and becomes "male." The placO  lac Z  DNA sequence is on the episome. The 
resulting cell is partially diploid for segments of the lac operon. The lac operon sequences on 
the bacterial chromosome and F'  episome are shown in the diagram:  

 

All three structural genes required for lactose metabolism are present in their wild type form. 
The lac Y and lac A genes are located on the bacterial chromosome. The lac Z  gene is present 
on the F' DNA, and is dominant to the lac Z  gene on the bacterial chromosome.  

RNA synthesis 
RNA synthesis from the structural genes is controlled by normal regulatory sequences. The 
normal lac repressor is transcribed from the lac I gene on the bacterial chromosome. The 
repressor protein is constitutively expressed, and accumulates at a level of approximately 10 
molecules/cell. Repressor proteins will bind to the operators on both the bacterial 
chromosome and F'  episome when lactose is absent, preventing synthesis of mRNA.  

When the inducer, either lactose or allolactose is present, the inducer binds to the repressor 
causing an allosteric switch to a conformation that does not bind the operator DNA sequence. 
Transcription from the plac promoters on both the chromosome and F' episome is initiated.  

Summary 
In summary, all normal mechanisms for regulation of the lac operon expression of both the 
chromosomal and episomal copies of the operon are present.  
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A. normal regulation of lactose metabolism  
Plac O  lac Z  DNA sequence on the episome is regulated by the repressor and CRP protein 
encoded on the bacterial chromosome.  
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Problem 8: The Oc mutation of the lac operon  

An E. coli strain that is lac Z  is conjugated with E. coli cells carrying an F' plasmid with the 
plac Oc  lac Z  DNA sequence on the episome. The Oc is a mutation of the lactose operator that 
is no longer able to bind the lac I gene product which codes for the lac repressor. How would 
the expression of the lac Z  be regulated in the resulting cells that are diploid for the lactose 
regulatory region and the lac Z gene?  

A. normal regulation of lactose metabolism.  
B. constitutive expression of lac Z+.  
C. inability to synthesize the lac Z+ gene product, ß-galactosidase.  
D. lac Z+ gene is inducible, but unable to be repressed by high glucose. 
E. no synthesis of the lac I gene product, the lac repressor.  

Mutation of the lactose operator 
The lac Z  gene on the F' DNA is regulated via the operator sequence on the F' DNA. This 
operator is mutated to an operator constitutive allele. The Oc mutant is unable to bind the lac 
repressor. The result is constitutive expression of the lac Z  gene, and constitutive production 
of ß-galactosidase even in the absence of the inducer.  

 

Notice from the gene maps in the figure that the conjugated cell is diploid for the regulatory 
region of the lac operon. There are two alleles of the operator present, including the wild type 
O  allele on the bacterial chromosome and the Oc allele on the F' DNA. The expression of the 
lac Z  gene on the F'-DNA is influenced only by the adjacent operator sequence, and not by 
the operator on the chromosomal DNA. In genetic terms, the Oc mutation is cis-dominant. 
Mutations in operator DNA sequences are typically cis-dominant. Why? 

B. constitutive expression of lac Z   
The Oc mutation prevents binding of the repressor.  
Lac Z mRNA is synthesized even in the absence of the inducer.  
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Problem 9: Phenotype of lac I- cells  

An E. coli strain is lac I . The lac I  DNA sequence encodes the lactose repressor. How would 
you describe the regulation of lactose metabolism in these cells?  

A. normal regulation of lactose metabolism.  
B. constitutive expression of lac Z+.  
C. inability to synthesize the lac Z+ gene product, ß-galactosidase.  
D. lac Z+ gene is inducible, but unable to be repressed by high glucose. 
E. constitutive synthesis of the lac I gene product, the lac repressor.  

Structure of lac repressor protein bound to lac operator 
The lac I gene is the regulatory gene of the lac operon. The lac I gene encodes the lac 
repressor protein. When lac repressor protein is bound to the lac operator DNA sequence, 
mRNA synthesis from the structural genes of the operon is blocked. In a lac I  mutant, active 
repressor protein is not synthesized. As a result, mRNA synthesis from the lac operon is 
constitutive, and there is constitutive expression of the lac Z  gene product, ß-galactosidase.  

The structure of the complex formed between the lac repressor protein DNA binding domain 
and the lac operator DNA sequence is shown in the figure:  

 
 
B. constitutive expression of lac Z+  
In the absence of repressor protein, transcription of the lac Z gene is constitutive.  
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Problem 10: Phenotype of cells diploid for lac I gene  

An E. coli strain that is lac I  is conjugated with E. coli cells carrying an F' plasmid with the 
PI lac I  DNA sequence on the episome. How would the expression of the lac Z  be regulated 
in the resulting cells that are diploid and heterozygous for the lac I gene (lac I  on episome 
and lac I  on the bacterial chromosome)?  

A. normal regulation of lactose metabolism.  
B. constitutive expression of lac Z+.  
C. inability to synthesize the lac Z+ gene product, ß-galactosidase.  
D. lac Z+ gene is inducible, but unable to be repressed by high glucose. 
E. no synthesis of the lac I gene product, the lac repressor.  

Cells diploid for lac I gene 
As suggested by the diagram, the conjugated E. coli cells are diploid for the lac I gene. There 
is a mutant lac I- gene on the bacterial chromosome, and a wild-type lac I+ gene on the F'- 
DNA. The lac I+ gene on the F'- DNA is expressed constitutively, leading to the production of 
approximately 10 lac repressor protein molecules/cell. The repressor proteins can bind to the 
operator DNA sequence on the bacterial chromosome, and regulate the expression of the  
lac Z- lac Y- lac A structural genes. Thus there is normal regulation of lactose metabolism.  

 

Notice that the creation of a partial diploid cell line, containing both lac I+ and lac I- alleles 
can be used to demonstrate that the lac I+ allele is dominant. 

A. normal regulation of lactose metabolism  
The lac I  on the F' episome is dominant to the lac I  on the bacterial chromosome.  
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Problem 11: The effect of high glucose on lac operon expression  

Bacteria utilize glucose first, even if other sugars are present, through a mechanism called:  

A. operon repression.  
B. enzyme repression.  
C. catabolite repression. 
D. gene regulation .  
E. glucose utilization .  

Lactose as an energy source 
E. coli prefers to use glucose as an energy source when both glucose and lactose are available. 
Lactose is an alternative energy source that can be used if glucose is absent. The overall rate 
of messenger RNA synthesis from the lac operon, and from other operons for alternate 
catabolic energy sources, is indirectly regulated by the concentration of glucose in the cell.    

Cyclic AMP as regulator 
cAMP is the second messenger used directly in the regulation of lac operon expression in 
response to changing levels of glucose. cAMP is a coactivator of the CRP protein, a 
transcriptional enhancer for operons that encode genes for catabolism of energy sources other 
than glucose, including the lac operon. As glucose levels fall, cAMP levels rise and 
transcription of an induced lac operon is enhanced. As the levels of glucose rise, cAMP levels 
fall, and lac operon mRNA synthesis is not enhanced.    

Catabolite repression 

This regulatory mechanism, whereby high glucose levels can repress the expression of 
operons required for catabolism of alternate energy sources is known as "catabolite 
repression." 

C. catabolite repression  
Catabolite repression is mediated by the catabolite regulatory protein and cyclic AMP.  
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Problem 12: Effect of high glucose concentrations  

An E. coli cell is grown in the presence of high amounts of glucose. Which of the following is 
true?  

A. The cell will utilize lactose as a carbon source exclusively. 
B. The level of cyclic AMP in the cell will be low.  
C. The level of cyclic AMP in the cell will be high.  
D. Transcription of mRNA from the lac operon will be high. 
E. The cell will be forced to carry out fermentation.  

Cyclic AMP synthesized from ATP 
Control of the rate of transcription of an operons for catabolic enzymes such as the lac operon 
is regulated through intracellular levels of 3'-5'-cyclic adenosine monophosphate, or cAMP. 
cAMP is synthesized from ATP by the enzyme adenyl cyclase.  

 

The intracellular level of cAMP is in turn regulated by the intracellular concentration of 
glucose. As glucose levels fall, cAMP levels rise. As glucose levels rise, cAMP levels fall. 

B. The level of cyclic AMP in the cell will be low  
The levels of cyclic AMP are inversely related to the levels of glucose.  
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Problem 13: Effect of high lactose and low glucose on lac operon  

Which of the following growth media would you expect to result in synthesis of high levels of 
mRNA for the enzymes of the E. coli lac operon?  

A. high glucose, high lactose. 
B. no glucose, no lactose.  
C. high glucose, low lactose.  
D. no glucose, high lactose.  
E. none of these.  

Regulation of mRNA synthesis 
mRNA synthesis from the E. coli lac operon is inducible. mRNA synthesis does not occur 
unless lactose is available for catabolism. To review the mechanism of induction of lac 
mRNA synthesis by lactose, see problem 2.  

The level of mRNA synthesis from the lac operon is also regulated by the intracellular 
concentration of glucose via a mechanism called catabolite repression. To review catabolite 
repression, see problems 11 and 12.  

Briefly, maximum rates of lac mRNA synthesis occur only at low levels of glucose. As 
suggested by the diagram, cAMP present in cells in response to low glucose levels binds to 
the CRP protein and the cAMP-CRP complex enhances the level of mRNA synthesis from the 
lac operon as much as 50-fold. CRP alone cannot activate transcription.  

 

D. no glucose, high lactose.  
Under high lactose and low glucose conditions, high levels of the mRNA for the lac operon 
are synthesized.  
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Problem 14: Effect of the absence of glucose  

An E. coli cell is grown in the absence of glucose. Which of the following will be true?  

A. The level of cyclic AMP will be low.  
B. The CRP protein cannot bind to the DNA.  
C. If lactose is present, lac mRNA synthesis will occur at a high level. 
D. The cell will manufacture glucose by fixing carbon dioxide.  
E. The cell will be forced to carry out fermentation.  

Regulation of lac mRNA synthesis by intracellular levels of lactose and 
glucose 
The table is a summary of the concepts presented in this problem set on the regulation of lac 
mRNA synthesis by intracellular levels of lactose and glucose. The relative concentration of 
cAMP and the relative levels of lac mRNA synthesis in the presence or absence of glucose 
and lactose are shown.  
Glucose cAMP Lactose lac mRNA 
present low concentration absent no mRNA 
present low concentration present low level of mRNA
absent high concentration absent no mRNA 
absent high concentration present high level of mRNA

 
C. If lactose is present, lac mRNA synthesis will occur at a high level.  
Lactose is metabolized if glucose is absent.  
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