DNA Scissors

Background Reading

Genetic engineering is possible because of special en-
zymes that cut DNA. These enzymes are called re-
striction enzymes or restriction endonucleases.
Restriction enzymes are proteins produced by bacte-
ria to prevent or restrict invasion by foreign DNA.
They act as DNA scissors, cutting the foreign DNA
into pieces so that it cannot function.

Restriction enzymes recognize and cut at specific
places along the DNA molecule called restricrion
sites. Each different restriction enzyme (and there are
hundreds, made by many different bacteria) has its
own type of site. In general, 2 restriction site is a 4- or
O-base-pair sequence that is a palindrome. A DNA
palindrome is a sequence in which the “top” strand
read from 5° to 37 is the same as the “bottom” strand
read from 5 to 3. For example,

5" GAATTC 3’

3" CTTAAG 5
is 4 DNA palindrome. To verify this, read the se-
quences of the top strand and the bottom strand from
the 3’ ends to the 3’ ends. This sequence is also a re-
striction site for the restriction enzyme calied EcoRlL
The name EcoRl comes from the bacterium in which
it was discovered, Escherichia coli RY 13 (EcoR), and
I, because it was the first restriction enzyme found in
this organism.

EcoRlI makes one cut between the G and A in each of
the DNA strands (see below). After the cuts are made.
the DNA is held together only by the hydrogen bonds
between the four bases in the middle. Hvdrogen
bonds are weak. and the DNA comes apart.
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Cut sites; 57 GAATTC 37
37 CTTABRG 57
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Figure 10.J  Restriction map of YIP5,a 5,541-base-
pair plasmid. The number after each restriction enzyme
name indicates at which base pair the DNA is cut by that
ENZYINe.

The EcoR] cut sites are not directly across from each
other on the DNA molecule. When EcoRI cuts a DNA
molecule, it therefore leaves single-stranded “tails” on
the new ends (see the example just given). This type
of end has been called a “sticky end” becausc it is easy
to rejoin it to complementary sticky ends. Not all re-
striction enzymes make sticky ends; some cut the two
strands of DNA directly across from one another, pro-
ducing a blunt end.

When scientists study a DNA molecule, one of the
first things they do is figure out where many restric-
tion sites are. They then create a restriction map,
showing the locations of cleavage sites for many dif-
ferent enzymes. These maps are used like road maps
to the PNA molecule. A restriction map of a plasmid
is shown in Fig. 10.1.

The restriction sites of several different restriction en-
zvimes, with their cut sites, are siiown on the next page.
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FcoRE: 5’ GARATTIC 37 Hindll: 5 AAGCTT 37
37 CTTAAG 57 3/ TTCGAA 5°
T T
L L
BamWL: 5' GGATCC 37 Aluk 57 AGCT 37
37 CCTAGG 57 37 TCGA 57
T T
l )
Smal: 57 CCCGGG 37 Hbal: 5’ GCGC 3¢
37 GGGCCC o 3T CGCG 5
T T

Which ones of these enzymes would leave blunt
ends? Which ones would leave sticky ends? Refer to
this list of enzyme cut sites as you do the activity.

Exercises and Questions

Exercise 1

Cut the DNA sequence strips (Appendix A) along their
borders. These strips represent double-siranded DNA
molecules. Each chain of letters represents the phospho-
diester backbone, and the vertical lines between hase
pairs represent hydrogen bonds berween the bases,

1. You will now simulate the activity of EcoRI. Scan
along the DNA sequence of strip 1 until you find
the KcoRlI site (refer to the list above for the se-
quence). Make cuts through the phosphodiester
backbone by cutting just between the G and the
first A of the restriction site on both strands. Do
not cut all the way through the strip. Remember
that EcoRI cuts the backbone of each DNA strand
separately.

2. Now separate the hydrogen bonds berween the
cut sites by cutting through the vertical lines. Sep-
arate the two pieces of DNA. Look at the new
DNA ends produced by EcoRI. Are they sticky or
blunt? Write EcoRI on the cut ends. Keep the cut
fragments on your desk.

3. Repeat the procedure with strip 2, this time simu-
lating the activity of Smal. Find the Smal site, and
cut through the phosphodiester backbones at the
cut sites indicated above. Are there any hydrogen
bonds between the cut sites? Are the new ends
sticky or blunt? Label the new ends Smal, and
keep the DNA fragments on your desk.

4. Simulate the activity of HindIll with strip 3. Are

these ends sticky or blunt? Label the new ends
Hindlll, and keep the fragmemns.
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3. Repeat the procedure once more with strip 4.
again simulating fcoRL

6. Pick up the “front-end” DNA fragment {rom strip
4 (an EcoRl fragment)y and the “back end™ HindHl
fragment from strip 3. Both fragments have sin-
gle-stranded tails of 4 bases. Write down the base
sequences of the two tails, and label them EcoRl
and Hindlll. Label the 3" and 3’ ends. Are the
base sequences of the Aindll and FcoRI tails
complementary?

Put down the Hindlll fragment, and pick up the
back-end DNA fragment from strip ! (cut with
EcoRD). Compare the single-stranded tails of the
FcoRI fragment from strip 1 and the EcoRI frag-
ment from strip 4. Write down the base se-
quences of the single-stranded tails, and [abel the
3" and 5" ends. Are they complementary?

8. Imagine that you have cut a completely un-
known DNA fragment with EcoRL Do vou think
that the single-stranded tails of these fragments
would be complementary to the single-stranded
tails of the fragments from strip 1 and strip 47

9. An enzyme catled DNA ligase re-forms phospho-
diester honds between nucleotides. For DNA lig-
ase to work, two nucieotides must come close to-
gether in the proper orientation for a bond (the
37 side of one must be next to the 3’ side of the
other). Do vou think it would be easier for DNA
ligase to reconnect two fragments cut by EcoRI
or one fragment cut by HcoRI with one cut by
FindlIl? What is your reason?

Exercise 2

Figure 101 is a restriction map of the circular plas-
migh YIPS. This plasmid contains 5,541 base pairs.
There is an EcoRI site at base pair 1. The locations of
other restriction sites are shown on the map. The
numbers after the enzyme names tell at which base
pair that enzyme cleaves the DNA. If you digest YIP5
with FcoRL, you will get a linear piece of DNA that is
3,541 base pairs long.

10. What would be the products of a digestion with
the two enzymes EcoRl and Eagl?

11. What would be the products of a digestion with
the two enzymes HindOl and Apal?

12. What would be the products of a digestion with
the three enzvmes HindHl, Apal, and Poul?

13. ¥ vou took the digestion products from question
10 and digested them with Prull, what would
the products be?




DNA sequence strips for DNA Scissors
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i | 3'-ATCTGACTTAAGTTCAGT-5'
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5'-ATACGCCCGGGTTCTAAA-3"
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3'-TATGCGGGCCCAAGATTT-5"
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5'-CAGGATCGAAGCTTATGC-3"
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3'-GTCCTAGCTTCGAATACG-5"
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