
Current ly ,  there are
more than 1000
res t r ic t ion enzymes
descr ibed

Check REBASE,  the
Rest r ic t ion Enzyme
data BASE, a
co l lect ion  of
informat ion about  a l l
res t r ic t ion  enzymes .
The database was
created by Dr .  R ichard
J.  Roberts  and Dana
Macel i s .  I t  conta ins
res t r ic t ion  s i tes  and
other  in format ion
about  rest r ict ion
enzymes.  Avai lable at
http://
rebase.neb.com/

www.dnagoes toschoo l .org

Second  Modu le

        C o n t e n t :

• I n t r o d u c t i o n  t o  R e s t r i c t i o n  E n z y m e s

• I n t r o d u c t i o n  t o  D N A  e l e c t r o p h o r e s i s

• I n t r o d u c t i o n  t o  r e s t r i c t i o n  m a p s  a n d  g e n e t i c

t e s t s

       What  a re  Res t r i c t ion  Enzymes?

E n d o n u c l e a s e s  o r  r e s t r i c t i o n  e n z y m e s  a r e  p r o t e i n s

t h a t  c u t  D N A  i n  s m a l l  f r a g m e n t s .  T h e y  r e c o g n i z e  a  v e r y

s p e c i f i c  s e q u e n c e  o f  D N A  c a l l e d  r e s t r i c t i o n  s i t e ,  s u c h  a s

A G C T.  W h e r e ve r  t h e  p a r t i c u l a r  s e q u e n c e  o f  a  r e s t r i c t i o n

s i t e  o c c u r s  i n  a  D N A  m o l e c u l e ,  t h e  r e s t r i c t i o n  e n z y m e  w i l l

c l e a v e  t h e  D N A  a t  t h a t  s p e c i f i c  l o c a t i o n .   T h e s e  e n z y m e s

a r e  i s o l a t e d  f r o m  b a c t e r i a  a n d  n a m e d  a c c o r d i n g  t o  t h e

o r g a n i s m .  I t  u s u a l l y  h a s  3  o r  4  l e t t e r s  f o l l o w e d  b y  a

n u m b e r.  T h e  f i r s t  l e t t e r  d e s i g n a t e s  t h e  g e n u s  f r o m  w h i c h

t h e  e n z y m e  w a s  i s o l a t e d  w h i l e  t h e  s e c o n d  t w o  l e t t e r s

c o m e s  f r o m  t h e  s p e c i e s .  F o r  e x a m p l e ,  H i n d I I I  w a s  i s o l a t e d

f r o m  H a e m o p h i l u s  i n f l u e n z a e  w h i l e  E c o R I  w a s  i s o l a t e d  f r o m

E s c h e r i c h i a  c o l i .  T h e  n u m b e r s  r e f e r  t o  t h e  t h e  o r d e r  t h a t

t h e  e n z y m e  w a s  i s o l a t e d  f r o m  t h e  s a m e  o r g a n i s m ,  i . e ,

H i n d I I I  w a s  t h e  t h i r d  e n z yme  i s o l a t e d  f r om  Haemoph i l u s

i n f l u e n z a e .   D i f f e r e n t  b a c t e r i a l  s p e c e c i e s  h a v e  d i f f e r e n t

r e s t r i c t i o n  e n z y m e s .

B u t  w h y  b a c t e r i a  w o u l d  p r o d u c e  a n  e n z y m e  t h a t  c u t s

D N A  i n  a  v e r y  s p e c i f i c  f a s h i o n  a n d  a c c o r d i n g  t o  a  s p e c i f i c

D N A  s e q u e n c e ?  A t  f i r s t ,  i t  s e e m s  v e r y  u n i q u e  t h a t  a

b a c t e r i a  w o u l d  p r o d u c e  s u c h  a n  e n z y m e .  T h e s e  e n z y m e s  -

d i s c o v e r e d  d u r i n g  t h e  ' 6 0 s  w h e n  t h e  f i e l d  o f  m o l e c u l a r

b i o l o g y  w a s  j u s t  b l o o m i n g -  c o m p r i s e s  t h e  b a c t e r i a ’ s  m a i n
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The  f i r s t  res t r ic t ion
enzyme was i so lated in
1968 by Werner Arber,
Hami l ton O.  Smith,  and
Daniel  Nathans whi le
work ing at  the Johns
Hopkins  Univers i ty .  In
1978 they shared the
Nobe l  P r i ze  in
Phys io logy or
Medicine.  To know
more about th i s  event ,
v i s i t  the Nobel  e-
museum at
http://www.nobel.se/
medicine/laureates/
1978/

d e f e n s e  s y s t e m  a n d  t h e i r  f u n c n t i o n  i s  t o  c u t  t h e  D N A  o f

f o r e i g n  o r g a n i s m s  t h a t  p e n e t r a t e s  t h e  b a c t e r i a  c e l l ,  s u c h

a s  b a c t e r i a l  v i r u s  c a l l e d  b a c t e r i o p h a g e s  ( p h a g e s  f o r

s h o r t ) .  R e s t r i c t i o n  e n z y m e s  p r e v e n t  r e p l i c a t i o n  o f  p h a g e

D N A  i n s i d e  t h e  b a c t e r i a l  c e l l  b y  c u t t i n g  i t s  D N A  i n t o  s m a l l

p i e c e s  W i t h  t h e i r  D N A  i n  p i e c e s ,  t h e s e  o r g a n i s m s  b e c o m e

h a r m l e s s  t o  t h e  b a c t e r i a .  To  p r o t e c t  i t ’ s  o w n  D N A  f r o m

b e i n g  c u t  b y  i t ’ s  o w n  r e s t r i c t i o n  e n z y m e ,  b a c t e r i a  m a k e

u s e  o f  a  p r o t e c t i o n  s y s t e m  c a l l e d  m e t h y l a t i o n  i n  w h i c h  a n

e n z y m e  c a l l e d  m e t h y l a s e  a d d s  m e t h y l  g r o u p s  ( — C H 3)  t o

a d e n i n e  o r  c y t o s i n e  b a s e s  w i t h i n  t h e  r e c o g n i t i o n

s e q u e n c e  o f  t h e  r e s t r i c t i o n  e n z y m e .  W h e n  m e t h y l  g r o u p s

c o v e r  t h e  b a c k b o n e  o f  t h e  b a c t e r i a  D N A ,  t h e  a c c e s s  t o

t h e  b a c t e r i a ’ s  D N A  i s  b l o c k e d ,  p r e c l u d i n g  t h e  a c t i o n  o f

t h e  r e s t r i c t i o n  e n z y m e .  P h a g e s  c a n n o t  c o u n t  o n  a

m e t h y l a t i o n  s y s t e m  t o  p r o t e c t  t h e i r  D N A ,  a l t h o u g h  o n c e

i n s i d e  t h e  c e l l  t h e  b a c t e r i a  m e t h y l a s e  c a n  a d d  m e t h y l

g r o u p s  t o  t h e  D N A  o f   t h e s e

o r g a n i s m s  a s  w e l l .  B u t  d i f f e r e n t

f r o m  r e s t r i c t i o n  e n z y m e s ,

m e t h y l a s e  i s  n o t  a  v e r y  f a s t -

a c t i n g  e n z y m e  a n d  b e f o r e  t h e

m e t h y l a s e  c a n  m i s t a k e n l y  a d d

m e t h y l  g r o u p s  t o  t h e  p h a g e  D N A ,

t h e  r e s t r i c t i o n  e n z y m e  h a s  a l r e a d y

c u t  i t .

T h e  b a c t e r i a  m e t h y l a t i o n

s y s t e m  i s  c o n s i d e r e d  a  p r i m i t i v e

immune  s y s t em ,  s i n c e  i t ’ s  ma i n

f u n c t i o n  i s  t o  p r o t e c t  t h e  b a c t e r i a

f r o m  i n v a d e r s .  M o r e  e v o l v e d

o r g a n i s m s  d o  n o t  p r e s e n t  s u c h  a

s y s t e m  a s  a  w a y  t o  p r o t e c t  i t ’ s

D N A .  A l t h o u g h  m e t i l a t i o n  i s  a l s o

f ound  i n  a l l  s u pe r i o r  o r g an i sm ,

W. Arber

D.  Nathans

H.O. Smith

The phage lambda

is a type of vi rus

that infects the

bacter ia cel l



i n c l u d i n g  h u m a n s ,  i t ’ s  f u n c t i o n  h a s  c h a n g e d  a n d  i t  i s

r e l a t e d  t o  t h e  c e l l ’ s  h a b i l i t y  t o  t u r n  g e n e s  o n  a n d  o f f .

R e s t r i c t i o n  e n z y m e s  a r e   v e r y  u s e f u l  t o o l s  u s e d  b y

m o l e c u l a r  b i o l o g i s t s  w o r k i n g  w i t h  r e c o m b i n a n t  D N A . T h e y

c a n  b e  i s o l a t e d  f r o m  b a c t e r i a  a n d  u s e d  a s  a  w a y  t o  c u t

D N A  f r a g m e n t s  a t  s p e c i f i c  l o c a t i o n s ,  a l l o w i n g  s c i e n t i s t s

t o  m a n i p u l a t e  f r a g m e n t s  o f  D N A .

W i t h  r e s t r i c t i o n  e n z y m e s  a n d  o t h e r

c l a s s e s  o f  e n z y m e s ,  s u c h  a s  l i g a s e  -

a n  e n z y m e  t h a t  h a s  t h e  h a b i l i t y  t o

j o i n t  D N A  f r a g m e n t s - s c i e n t i s t s  c a n

c u t  a  p i e c e  o f  D N A  f r a g m e n t  a n d

l i g a t e  i t  w i t h  a n o t h e r  d i f f e r e n t  p i e c e .  W i t h  t h e s e  b i o l o g i c a l t o o l s ,  s c i e n t i s t s

c a n  i s o l a t e  g e n e - c o n t a i n i n g  f r a g m e n t s  a n d  r e c o m b i n e  t h e m  w i t h  o t h e r  m o l e c u l e s

o f  D N A .  I n  t h e  l a b ,  t h e  p r o c e s s  o f  u s i n g  r e s t r i c t i o n  e n z y m e s  t o  c u t  D N A  i s  c a l l e d

e n z y m a t i c  d i g e s t i o n ,  o r  s i m p l y  d i g e s t i o n .  T h e  d i g e s t i o n  i s  a  s t r a i g h t f o a r d

p r o c e s s  b u t  i t  h a s  t o  b e  d o n e  c a r e f u l l y.  B e c a u s e  r e s t r i c t i o n  e n z y m e s  a r e  p r o t e i n s

a n d  p r o t e i n s  d e n a t u r e  i n  h i g h  t e m p e r a t u r e s ,  r e s t r i c t i o n  e n z y m e s  s h o u l d  a l w a y s

DNA Methylat ion is  a chemical modif icat ion mediated by an enzyme that adds
methyl  (CH3) groups at selected s i tes on DNA. In humans and most mammals,  DNA
methylat ion only occurs at Cytosine base (C), and only when it  i s  fol lowed by a
Guanosine (G).  The funct ion of DNA methylat ion is  st i l l  poor understood but i t  i s
bel ieved to be responsible for  turning genes on and off ,  and for  the control  of
chromosomal integr i ty.

b e  k e p t  i n  t h e  f r e e z e r  u n t i l  i t ’ s  t i m e  t o  s t a r t  t h e  r e a c t i o n .  T h e  d i g e s t i o n  s t a r t s

b y  a d d i n g  t h e  D N A  a n d  t h e  e n z y m e  i n  t h e  s a m e  r e a c t i o n  t u b e .  A d d i t i o n a l l y,  i t  i s

n e c e s s a r y  t o  a d d  a  b u f f e r  t h a t  i s  s p e c i f i c  f o r  e a c h  e n z y m e .  T h e  r e a c t i o n  t u b e  i s

t h e n  i n c u b a t e d  f o r  1  h o u r  o r  m o r e  a t  a n  o p t i m a l  t e m p e r a t u r e ,

w h i c h  u s u a l l y  i s

3 7 0C .  T h e  a c t u a l

t e m p e r a t u r e  c a n  v a r y

f r om  en z yme  t o

enzyme .

Buf fe r s  a re  mix tu res
o f  weak  ac id  o r

weak base and i t s
sa l t .  The  pH  o f  a

buf fe r  re s i s t s
change when smal l
amount s  o f  ac id  o r

base  a re  added.

Dif ferent enzymes reognize di f ferent rest r ict ion s i tes



The most  common
DNA electrophores is

gel  i s  made by
agarose, a neutral

polysaccharide
extracted f rom the

cel lu lar  wal l s  of
certain algae. I ts

chemical  s t ructure
gives agarose the
abi l i ty  to form gels

that are very res i l ient
even at low

concentrat ions.  Other
polymers such as

polyacr i lamide are
also used for DNA
electrophores i s .

         What  i s  DNA e lec t rophores i s?

The most  common
DNA
electrophores i s  gel
is made by
agarose, a neutral
polysaccharide
extracted f rom the
cel lu lar  wal l s  of
certain algae. I ts
chemical  s t ructure
gives agarose the
abi l i ty  to form gels
that are very
res i l ient even at low
concentrat ions.
Other polymers
such as
polyacr i lamide are
also used for DNA
electrophores i s .

As the voltage applied
to a gel  i s  increased,
larger  f ragments
migrate
proport ional ly faster
than smal l  f ragments.
For that reason, the
best resolut ion of
f ragments larger than
2 kb is  obtained by
applying no more than
5 volts  per each cm of
the distance between
the two electrodes
posit ioned at both
ends of the
electrophoret ic
chamber.

D N A  f r g m e n t s  g e n e r a t e d  d u e  t o  t h e  a c t i o n  o f

r e s t r i c t i o n  e n z y m e s  c a n  b e  a n a l y z e d  t r r o u g h  a  t e c h n i q u e

c a l l e d  D N A  e l e c t r o p h o r e s i s ,  w h i c h  s e p a r a t e s  D N A

f r a g m e n t s  a c c o r d i n g  t o  t h e i r  m o l e c u l a r  w e i g h t .  T h e

m o l e c u l e s  a r e  s e p a r a t e d  a c r o s s  a  s p a n  o f  g e l ,  m o t i v a t e d

b y  a n  e l e c t r i c a l  c u r r e n t .  A c t i v a t e d  e l e c t r o d e s  a t  e i t h e r

e n d  o f  t h e  g e l  c h a m b e r  p r o d u c e s  t h e  e l e c t r i c  f i e l d .

B e c a u s e  D N A  i s  a  n e g a t i v e l y  c h a r g e d  m o l e c u l e  d u e  t o  t h e

p r e s e n c e  o f  p h o s p h a t e  g r o u p s ,  i t  m o v e s  t o w a r d  t h e

p o s i t i v e  p o l e .  T h e  s e p a r a t i o n  o f  f r a g m e n t s  o c c u r s

a c c o r d i n g  t o  e a c h  f r a g m e n t ' s  p r o p e r t i e s ,  w h i c h

d e t e r m i n e s  h o w  f a s t  t h e  e l e c t r i c  f i e l d  c a n  m o v e  t h e

m o l e c u l e  a c r o s s  t h e  g e l .  T h e  b i g g e r  t h e  f r a g m e n t ,  t h e  s l o w e r  i t  w i l l  m o v e  t o w a r d

t h e  p o s i t i v e  p o l e .  S m a l l e r  f r a g m e n t s  r e a c h  t h e  b o t t o m  o f  t h e  g e l  f i r s t .  M o s t  g e l s

a r e  m a d e  b y  a g a r o s e .  P u r i f i e d  a g a r o s e  i s  p r o v i d e d  i n  p o w d e r e d  f o r m ,  a n d  i t  s t a y s

i n s o l u b l e  i n  a q u e o u s  s o l u t i o n s  a t  r o o m  t e m p e r a t u r e .  I n  o r d e r  t o  d i s s o l v e ,

a g a r o s e  n e e d s  t o  b e  m e l t e d .  W h e n  i t  c o o l s  d o w n ,  i t  s t a r t s  t h e  p o l y m e r i z a t i o n

p r o c e s s  a n d  t h e  g e l  i s  f o r m e d .  T h e  m o r e  a g a r o s e  i s  a d d e d  - o r  t h e  m o r e

c o n c e n t r a t e d  t h e  g e l  i s -  t h e  f i r m e r  i t  w i l l  b e .

A g a r o s e  i s  m e l t e d  i n  a n  e l e c t r o p h o r e s i s  b u f f e r

s o l u t i o n  a n d  w h i l e  s t i l l  h o t ,  i t  i s  p o u r e d  i n t o  a  t e m p l a t e

c a l l e d  a  c a s t i n g  t r a y.  A  c o m b  i s  p l a c e d  i n  o n e  e n d  o f  t h e

g e l  i n  o r d e r  t o  p r o d u c e  s m a l l  s l o t s  w h e n  t h e  g e l  i s

s o l i d i f i e d .  T h e s e  s l o t s  w i l l  b e  u s e d  t o  l o a d  t h e  D N A

s a m p l e s .  W h e n  t h e  g e l  i s  s o l i d i f i e d  t h e  c o m b  i s  c a r e f u l l y

r e m o v e d .  T h e  g e l  i s  t h e n  p l a c e d  i n  t h e  e l e c t r o p h o r e s i s

c h a m b e r  a n d  c o ve r e d  w i t h  e l e c t r o p h o r e s i s  b u f f e r.  D N A

s a m p l e s  a r e  m i x e d  w i t h  a  s p e c i a l  d y e  t h a t  a l l o w s  t h e

s a m p l e  t o  d i v e  i n t o  t h e  s l o t  ( o t h e r w i s e  t h e  s a m p l e s

w o u l d  b e  f l o a t i n g  o n  t h e  s u r f a c e  o f  t h e  b u f f e r )  a n d

l o a d e d  i n t o  t h e  s l o t s .  T h e  l i d  a n d  p o w e r  l e a d s  a r e

p l a c e d  o n  t h e  e l e c t r o p h o r e s i s  a p p a r a t u s ,  a n d  t h e

c u r r e n t  i s  a p p l i e d .  A f t e r  r u n n i n g  t h e  g e l  f o r  t h e  d e s i r e d

t i m e  - r u n n i n g  t i m e  c a n  v a r y  f r o m  1 5  m i n u t e s  t o  4 8



h o u r s - D N A  c a n  b e  v i s u a l i z e d  b y  d i f f e r e n t  w a y s .

T h e  m o s t  c o m m o n  d y e  u s e d  f o r  m a n y  y e a r s  a s  a

n u c l e i c  a c i d  s t a i n  i s  c a l l e d  e t h i d i u m  b r o m i d e .  T h i s

c o m p o u n d  i n t e r c a l a t e s  w i t h  D N A  a n d  e m i t s  a  r e d -

o r a n g e  c o l o r  u n d e r  u l t r a v i o l e t  l i g h t .  B u t  t h e

a b i l i t y  o f  e t h i d i u m  b r o m i d e  t o  i n t e r c a l a t e  w i t h

D N A  a l s o  m a k e s  t h i s  c o m p o u n d  a  p o t e n t  m u t a g e n .  M e t h y l e n e  b l u e  i s  a n

a l t e r n a t i v e  s t a i n  u s e d  t o  v i s u a l i z e  n u c l e i c  a c i d s .  I t  i s  m u c h  s a f e r  t h a n  e t h i d i u m

b r o m i d e  a n d  d o e s  n o t  r e q u i r e  u l t r a v i o l e t  l i g h t  f o r  v i s u a l i z a t i o n .

Severa l  d i f ferent
buffers  have been
recommended for
e lect rophores i s  of  DNA.
The most  commonly
used for  duplex DNA are
TAE (Tr is-acetate-EDTA)
and TBE (Tr i s -borate-
EDTA). DNA fragments
w i l l  m ig rate  at
d i f fe rent  rates  in  these
two buffers  due to
d i f fe rences  in  ion ic
st rength.

The polymer i zat ion process
observed wi th agarose i s  the

same process  that  occurs  when
we prepare Je l l -O.

An agarose gel shoing DNA
fragments  of  d i f fe rent  s i zes .  The
smal l  f ragments  reach the botton
of  the  ge l  f i r s t .

Two rest r ict ion maps of  Lambda DNA, one cut with ECORI and the other
wi th H indI I I .  The numbers  cor respond to the s i zes  of  the f ragments

generated by the act ion of  each enzyme.

To see a s imulat ion of  how
agarose e lect rophores i s  ge l s
work ,  check the S imulat ion of
E lect rophores i s  & Sequence
Bui ld ing of  DNA developed by
Dr .  Paul  Cra ig at  the
Rochester  Ins t i tute of
Technology at http://
www.r i t .edu/~pac8612/
electro/dna/DNA.html#

Rest r ic t ion s i tes
EcoRI G/AATTC

HindI I I   A/AGCTT



In  t h i s  a c t i v i t y  you  w i l l  l oad  4  d i f f e r en t  DNA  samp les

into  an agarose ge l  to  observe the d i f ferent  rest r i c t ion

f r a g m e n t s .  F i r s t  y o u  w i l l  p r e p a r e  a n  a g a r o s e  g e l

a c c o r d i n g  t o  t h e  s p e c i f i c a t i o n s  p r o v i d e d  b y  y o u r

i n s t r u c t o r.

P r o t o c o l  1 :  P r e p a r i n g  a n  a g a r o s e  g e l

1 ) We i g h t  _ _ _ _ _ _ _ _ _ _ _  g r  o f  a g a r o s e

2 ) P o u r  t h e  w i g h t e d  a g a r o s e  i n  a  B e a k e r

3 ) Add _____________ml of  the e lectrophores is  buf fer

4 ) Us i ng  t h e  m i c r owave ,  l e t  t h e  m i x t u r e  me l t .  When

t h e  s o l u t i o n  i s  t o t a l l y  m e l t e d  a n d  t h e  a g a r o s e

c a n n o t  b e  d e t e c t e d  i n  t h e  s o l u t i o n ,  c a r e f u l l y

r e m o v e  t h e  b e a c k e r  f r o m  t h e  m i c r o w a v e .

5 ) L e t  t h e  s o l u t i o n  s i t  f o r  a p r o x i m a t e l y  1 0  m i n u t e s

t o  c h i l l  a  l i t t l e  b i t .  D o  n o t  l e t  i t  s i t  f o r  a  l o n g

p e r i o d  a s  t h e  a g a r o s e  w i l l  s o l i d i f y  i n  t h e  B e a k e r

6 ) W h i l e  t h e  a g a r o s e  i s  c o o l i n g  d o w n ,  p r e p a r e  t h e

g e l  c a s t i n g .  I f  n e c e s s a r y  u s e  s c o t c h  t a p e  t o

s e a l  t h e  e n d s  o f  t h e  c a s t i n g  t r a y.  A d d  t h e  c o m b

t o  o n e  o f  t h e  e n d s  o f  t h e  c a s t i n g  t r a y.

7 ) When the  so lu t ion  has  reached aprox imate ly  600C ,

p o u r  t h e  g e l  i n t o  t h e  c a s t i n g  t r a y.

8 ) L e t  i t  s o l i d i f y  f o r  a p r o x i m a t e l y  1 5  m i n u t e s

9 ) W h e n  t h e  g e l  i s  h a r d ,  r e m o v e  t h e  c o m b  a n d  t h e

s c o t c h  t a p e  f r o m  t h e  e n d s  o f  t h e  c a s t i n g .

10) P l a c e  t h e  g e l  i n  t h e  e l e c t r o p h o r e s i s  c a s t

11) A d d  e l e c t r o p h o r e s i s  b u f f e r  t o  t h e  c h a m b e r

u n t i l  i t  c o v e r s  t h e  s u r f a c e  o f  t h e  g e l .

L a b  A c t i v i t y



N e x t ,  y o u  w i l l  a d d  t h e  D N A  s a m p l e s  t o  t h e  s l o t s  i n  t h e  g e l .  Yo u  w i l l  a d d  o n e

s a m p l e  p e r   s l o t .  Yo u  w i l l  w o r k  w i t h  t h e  f o l l o w i n g  s a m p l e s :

S a m p l e  # 1 - L a m b d a  D N A  n o t  d i g e s t e d  b y  r e s t r i c t i o n  e n z y m e s

S a m p l e  # 2 -  L a m b d a  D N A  d i g e s t e d  b y  E c o R I

Samp l e  #3 -  L ambda  DNA  d i g e s t e d  b y  H i n d I I I

Samp l e  #4 -  L ambda  DNA  d i g e s t e d  b y  E c oR I  AND  H i nd I I I

P r o t o c o l  2 -  L o a d i n g  t h e  s a m p l e s

1 ) A d d  _ _ _ u l  o f  l o a d i n g  b u f f e r  t o  e a c h  s a m p l e

2 ) A d d _ _ _ u l  o f  e a c h  s a m p l e  t o  e a c h  s l o t  i n  t h e  g e l

P r o t o c o l  3 -  R u n n i n g  t h e  g e l

1 ) C l o s e  t h e  l i d  o f  t h e  c h a m b e r

2 ) Tu r n  o n  t h e  p o w e r  s u p p l y  a n d  s e t  t h e  v o l t a g e  t o  _ _ vo l t s

3 ) Ve r i f y  t h a t  t h e  g e l  i s  r e a l l y  r u n n i n g  b y  wa t c h i n g  t h e  b u b b l e s  b e i n g  f o r m e d  i n

t h e  e l e c t r o p h o r e s i s  b u f f e r.  I f  n o  b u b b l i n g  i s  s e e n  i t  m e a n s  t h a t  t h e  g e l  i s  n o t

r u n n i n g .  I n  t h i s  c a s e  y o u  s h o u l d  ( a )  m a k e  s u r e  t h e  e l e c t r o p h o r e s i s  b u f f e r  i s

c o v e r i n g  t h e  g e l ;  ( b )  m a k e  s u r e  t h e  s c o t c h  t a p e  w a s  r e m o v e d  f r o m  b o t h  e n d s

o f  t h e  c a s t i n g  t r a y ;  ( c )  m a k e  s u r e  t h e  c h a m b e r  l i d  i s  s e c u r e l y  c l o s e d  ;  ( d )

ve r i f y  i f  t h e r e  a r e  a ny  l o o s e  w i r e s  i n s i d e  t h e  e l e c t r o p h o r e s i s  c h a m b e r.

4 ) L e t  t h e  g e l  r u n  f o r  _ _ _ h o u r s

P r o t o c o l  4 -  S t a i n i n g  t h e  g e l

1 ) P l a c e  t h e  g e l  o n  a  p l a s t i c  t r a y  a n d  a d d  a  f e w  d r o p s  o f  e l e c t r o p h o r e s i s  b u f f e r

2 ) P l a c e  t h e  b l u e  s i d e  o f  t h e  B l u e  s h e e t  o n  t h e  g e l

3 ) R u n  y o u r  f i n g e r  f i r m e l y  o n  t h e  t o p  o f  t h e  b l u e  s h e e t  s e v e r a l  t i m e s

4 ) P l a c e  t h e  g e l  c a s t i n g  a n d  a  s m a l l  B e a k e r  o v e r  t h e  b l u e  s h e e t

5 ) L e t  i t  s i t  f o r  1 5  m i n u t e s

6 ) R e m o v e  t h e  b l u e  s h e e t  a n d  s u b m e r g e  t h e  g e l  i n  d i s t i l l e d  w a t e r

7 ) C h a n g e  t h e  w a t e r  3  t i m e s  u n t i l  t h e  b a n d s  a r e  v i s i b l e



Write i t  down the s izes of the fragments generated by each
enzyme individual ly and by the combination of both enzymes.



Q u e s t i o n s :

1 ) W h y  d o e s  t h e  f i r s t  s a m p l e  i n  t h e  g e l  s h o w  o n l y  o n e  b i g  b a n d ?

2 ) W h y  d o  t h e  D N A  f r a g m e n t s  g e n e r a t e d  b y  e a c h  e n z y m e  s e p a r a t e l y  h a v e

d i f f e r e n t  s i z e s ?

3 ) W h y  d o e s  t h e  D N A  s a m p l e  s u b m i t t e d  t o  b o t h  e n z y m e s  h a v e  m o r e  f r a g m e n t s

t h a n  t h e  s a m p l e  s u b m i t t e d  t o  o n l y  o n e  e n z y m e ?

4 ) L o o k  a t  t h e  l a m b d a  D N A  m a p .  C a n  y o u  c a l c u l a t e  t h e  s i z e  o f  e a c h  f r a g m e n t

w h e n  t h e  L a m b d a  D N A  i s  c u t  b y  b o t h  e n z y m e s ?

Read i n g  a  r e s t r i c t i o n  map

N o w  t h a t  y o u  u n d e r s t a n d  h o w  r e s t r i c t i o n  e n z y m e s  w o r k ,  l e t ’ s  s e e  h o w  t h e y

c a n  b e  u s e d  t o  d i s t i n g u i s h  t w o  a l l e l e s .  T h e  t w o  a l l e l e s  s h o w n  b e l o w  d i f f e r  b y

o n l y  o n e  n u c l e o t i d e .  B y  a n a l y s i n g  t h e  r e s t r i c t i o n  m a p  o f  e a c h  a l l e l e  i t  i s  p o s s i b l e

t o  c h e c k  i f  a  s p e c i f i c  e n z y m e  a c t s  o n  o n l y  o n e  o f  t h e  a l l e l e s .  T h e  c o m b i n a t i o n  o f

a l l  e x i s t i n g  r e s t r i c t i o n  s i t e s  i n  a  s p e c i f i c  D N A  s e q u e n c e  i s  c a l l e d  a  r e s t r i c t i o n

m a p  b e c a u s e  i t  i n d i c a t e s  e v e r y  s i n g l e  s i t e  i n  t h e  s e q u e n c e  t h a t  c a n  b e

r e c o g n i z e d  a n d  c u t  b y  a  s p e c i f i c  e n z y m e .  B y  c o m p a r i n g  r e s t r i c t i o n  m a p s  o f

s l i g h t l y  d i f f e r e n t  s e q u e n c e s  ( s e q u e n c e s  t h a t  d i f f e r  i n  o n l y  f e w  n u c l e o t i d e s )  w e

c a n  l o o k  f o r  e n z y m e s  t h a t  c u t  o n e  s e q u e n c e  b u t  n o t  t h e  o t h e r.  W h e n  a  s p e c i f i c

e n z y m e  c u t s  s e q u e n c e  A  b u t  d o e s n ’ t  c u t  s e q u e n c e  B ,  a f t e r  e x p o s i n g  t h e  t w o  t o

t h e  e n z y m e ,  o n l y  s e q u e n c e  A  w i l l  b e  c u t .  T h i s  e f f e c t  c a n  b e  e a s i l y  t e s t e d  o n  a n

a g a r o s e  e l e c t r o p h o r e s i s  b e c a u s e  s e q u e n c e s  A  a n d  B  w i l l  s e p a r a t e  d u r i n g  t h e

e l e c t r o p h o r e s i s  a c c o r d i n g  t o  t h e i r  s i z e s .  S e q u e n c e  A  w i l l  b e  s m a l l e r  t h a n

s e q u e n c e  B  a n d  t h e r e f o r e  w i l l  r u n  f a s t e r  o n  t h e  g e l .  B y  k n o w i n g  t h e  o r i g i n a l  s i z e

o f  t h e  s e q u e n c e  b e f o r e  c u t t i n g  i t  w i t h  t h e  e n z y m e  a n d  a l s o  t h e  s p e c i f i c  s p o t

w h e r e  t h e  e n z y m e  w i l l  c u t  t h e  s e q u e n c e ,  w e  c a n  c a l c u l a t e  t h e  f i n a l  s i z e s  o f  t h e

f r a g m e n t s  g e n e r a t e d .



Exe r c i s e

A n a l y s e  t h e  t w o  a l l e l e s  s h o w n  b e l o w  a n d  f i n d  t h e  s p o t  w h e r e

t h e s e  t w o  s e q u e n c e s  d i f f e r.



L e t ’ s  s u p p o s e  t h a t  t h i s  n u c l e o t i d e  c h a n g e  t h a t  y o u  j u s t  f o u n d  i s  r e s p o n s i b l e  f o r

a  r e c e s s i v e  g e n e t i c  d i s a e s e  c a l l e d  t h e  Z  S y n d r o m e .  L e t ’ s  s u p p o s e  t h a t  y o u r  a r e  a

g e n e t i c  d o c t o r  w h o  n e e d s  t o  p e r f o r m  a  f a m i l y  s t u d y  t o  d e t e c t  w h i c h  i n d i v i d u a l s

h a v e  t h e  n o r m a l  a l l e l e  a n d  w h o  h a v e  t h e  m u t a n t  a l l e l e .

Q u e s t i o n s :

1 ) W h i c h  r e s t r i c t i o n  e n z y m e s  c o u l d  y o u  u s e  t o  a n a l y z e  t h e  D N A  o f  e a c h

i nd i v i dua l ?

2 ) W h i c h  f r a g m e n t  s i z e s  s h o u l d  yo u  e x p e c t  t o  o b t a i n  i n  e a c h  s i t u a t i o n ?  To

a n s w e r  t h i s  q u e s t i o n ,  c h e c k  t h e  r e s t r i c t i o n  s i t e s  o f  t h e  e n z y m e s  b e l o w

3 ) W h a t  a r e  t h e  s i z e s  o f  t h e  D N A  f r a g m e n t s  y o u  w i l l  o b t a i n  i n  t h e  f o l l o w i n g

s i t u a t i o n s :

( a ) No rma l  homozygo t e  i nd i v i dua l

( b ) No rma l  h e t e r o z ygo t e  i n d i v i d ua l

( c ) S i c k  h omozygo t e  i n d i v i d u a l

Note: The n  in the sequence of the restr ict ion s i te means that the

sequence contains ambiguous nucleotides and any nucleotide

(A,T,C or  G) can be f i l l ing that specif ic pos i t ion.  Di f ferent rest r ict ion

enzymes that have the same recognit ion s i te are cal led

isoschizomers .  In  some cases i soschizomers  cut  ident ical ly  wi th in

thei r  recognit ion s i te,  but sometimes they do not.

Enzyme R e s t r i c t i o n  S i t e

Ahd I g a c n n n / n n g t c

AspE I g a c n n n / n n g t c

Eam1105I g a c n n n / n n g t c

Ec lHKI g a c n n n / n n g t c


