
DNA Scissors

BackgroundReading
Geneticengineeringis possiblebecauseof specialen-

zymesthat cut DNA. Theseenzymesare called re-
striction enzymesor restriction endonucleases.
Restrictionenzymesarcproteinsproducedby bacte-

ria to prevent or restrict invasion by foreign DNA.
They act as DNA scissors,cutting the foreign DNA
into piecesso that it cannotfunction.

Restriction enzymesrecognize and cut at specific
places along the DNA molecule called restriction

sites.Eachdifferent restrictionenzyme(andthereare
hundreds,made by many different bacteria)has its
own typeof site. In general,arestriction site is a 4- or
6-base-pair sequencethat is a palindrome. A DNA
palindromeis a sequencein which the top’ strand

readfrom 5’ to 3’ is the sameas the “bottom’ strand
readfrom 5’ to 3’. For example,

5’ GAATTC 3’
3’ cVFAAG 5’

is a DNA palindrome. To verify this, read the se-
quencesof thetop strandandthebottom strandfrom

the 5’ endsto the3’ ends.This sequenceis also a re-
striction site for the restriction enzymecalled EeoRl.
The nameEcoRI comesfrom thebacteriumin which
it wasdiscovered,Egc/,erjc/,jaco/i KY 3 (EeoR),and
1,becauseit wasthe first restriction enzymefound in
this organism.

EcoPj makesonecut betweenthe C andA in eachof
theDNA strands(seebelow). After thecuts~’~~remadc.
the DNA is held togetheronly by thchydrogenbonds
between the four bases in the middle. flvdi-ogen
bondsareweaLandthe DNA comesapart.

Cut sites: 5’ CAATTC 3’
3’ CTTAAG 5’

t

Cut DNA: 5’ 5 AATTC 3’
3’ CTTAA 5 5’
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Figure 10.1 Restrictionmapof YIP5,a 5,541-base-
pair plasnuid.Thenumberaftereachrestrictionenzyme
nameindicatesat which basepairtheDNA is cutby that
enzyme.

‘Flue EcoRlcut sites arenot directly acrossfrom each
otheron theDNA molecule.When EcoRlcuts a DNA
molecule,it thereforeleavessingle-stranded“tails” on
the new ends(see theexamplejust given). This type
of endhasbeencalleda“sticky end”becauseit is easy
to rejoin it to complementarysticky ends.Not all re-
striction enzymesmakesticky ends;somecut thetwo
strandsof DNA directly acrossfrom oneanother,pro-
ducinga blunt end.

When scientists studya DNA molecule, one of the
first things they do is figure out wheremanyrestric-
tion sites are. They then create a restriction map,

showing the locationsof cleavagesitesfor manydii
fei-ent enzymes.Thesemapsare usedlike roadmaps

to the DNA molecule.A restriction mapof a plasmid
is shownin Fig. 10.1.

The restriction sitesof severaldifferent restriction en-
zymes.with theircut sites,areshownon thenext page.
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3’ A/uI: 5’
5’ 3’

-1-
AAGOTT 3’
TTCOAP. 5’

HbaI: 5’ G000 3’
3’ 0000 5’

Which ones of these enzymeswould leave blunt
ends?Which oneswould leave sticky ends?Referto
this list of enzymecut sites asyou do theactivity.

ExercisesandQuestions
Exercise 1
Cut theDNA sequencestrips (AppendixA) alongtheir
border& Thesestrips representdouble-strandedDNA
molecules.Eachchainof lettersrepresentsthephospho-
diesterbackbone,and the vertical lines betweenbase
pairsrepresenthydrogenbondsbetweenthebases.

1. You will now simulatetheactivity of EcoRl. Scan
alongthe DNA sequenceof strip 1 until you tInd
the EcoRI site (refer to the list above for the se-

quence).Make cuts through the phosphocliester
backboneby cutting just betweenthe G and the
first A of the restriction site on both strands.Do
not cut all the way throughthe strip. Remember

thatEcoRI cuts thebackboneof each DNA strand
separately.

2. Now separatethe hydrogenbonds betweenthe

cutsitesby cutting throughthevertical lines. Sep-
arate the two piecesof DNA. Look at the new

DNA endsproducedby EcoRI. Are they sticky or
blunt?Write EcoRI on the cut ends.Keepthecut
fragmentson your desk.

Repeattheprocedurewith strip 2,this time simu-
lating theactivity of Sma!. Find theSinaI site,and
cut throughthe phosphodlesterbackbonesat the
cut sitesindicatedabove.Are thereany hydrogen

bonds betweenthe cut sites?Are the new ends
sticky or blunt? Label the new endsSinaI, and
keepthe DNA fragmentson your desk.

4. Simulatethe activity of Hind!!! with strip 3. Are
theseendssticky or blunt? Label the new ends
Hind!!!, andkeepthefragments.

5, Repeatthe procedureonce more with strip 4.
againsimulatingFcoRl.

6. Pick up the ‘front-end” DNA fragment from strip

4 (anEcoRl fragment)andthe backend’JIindlll
fragment from strip 3. Both fragmentshavesin-

gle-strandedtailsof 4 bases.Write downthe base
sequencesof the two tails, andlabel them EeoRl
and FIindlH. Label the 5’ and 3’ ends. Are the
basesequencesof the Hindlll and EcoRl tails
complementary?

Put down the !tincllll fragment,andpick up the
hack-endDNA fragment from strip I (cut with

FcoRI). Comparethe single-strandedtails of the
EcoRl fragment from strip 1 andthe EcoRI frag-
ment from strip 4. Write down the base se-

quencesof thesingle-strandedtails, andlabel the

3’ and5’ ends.Are theycomplementary?

S. Imagine that you have cut a completely un-
known DNA fragmentwith EcoRl. Do you think

that the single-strandedtails of thesefragments
would he complementaryto the single-stranded
tails of the fragmentsfrom strip I andstrip 4?

9. An enzymecalled DNA ligasere-forms phospho-

diesterbondsbetweennucleotides.For DNA hg-
aseIC) work.two nucleotidesmust comecloseto-
getherin the properorientationfor a bond (the
5’ side of one musthe next to the 3’ side of the
other).Do you think it would be easierfor DNA
ligase to reconnecttwo fragmentscut by FcoRl
or one fragment cut by EcoRI with one cut by
Ifindlll? What is your reason?

Exercise2
Figure 10. I is a restriction map of the circular plas-
mid YIP5. This plasmid contains 5,541 base pairs.
Thereis anEcoRlsiteat basepair 1. The locationsof

other restriction sites are shown on the map. l’he
numbersafter the enzymenamestell at which base
pair thatenzymecleavestheDNA. If you digestY1P5
with EcoRI, you will geta linear pieceof DNA that is
5,541 basepairslong.

10. What would be theproductsof a digestionwith

the two enzymesFcoRIandFag!?

ii. What would be the productsof a digestionwith

the two enzymesHind!!! andApaP

12. What would be theproductsof a digestionwith
the threeenzymesHindllI,Apal, andPvuI?

13. If you took the digestionproductsfrom question

10 and digestedthem with PvuIl, what would
the productshe?

3’ Hind!!!: 5’
5’ 3’

.1~
EcoRl: 5’ GAATTO

3’ OTTAAG
t

-L
Ba,nHJ:5’ GGATCC

3’ OCTAGG
-1’

SinaI: 5’ 000000 3’
3’ GGG000 5’

‘1~

5’
AGOT
TOGA

‘1~

I

C
C
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