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Polyphenol	
  
Oxidase	
  (PPO):	
  

•  Is	
   a	
   copper-­‐containing	
   enzyme	
   with	
   an	
   op4mum	
  
pH	
  of	
  6.7.	
  	
  

•  It	
   catalyzes	
   the	
  oxida4on	
  of	
   di-­‐	
   and	
   tri-­‐	
   hydroxyl	
  
phenol	
  to	
  the	
  corresponding	
  quinine.	
  	
  

•  This	
   oxida4on-­‐reduc4on	
   reac4on	
   is	
   accompanied	
  
by	
  a	
  color	
  change	
  	
  

•  This	
   reac4on	
   commonly	
   occurs	
   in	
   nature	
   and	
  
accounts	
   for	
   the	
   "browning"	
   of	
   peeled	
   potatoes	
  
and	
  bruised	
  fruits.	
  	
  

	
  



Objec.ves:	
  	
   •  To	
  demonstrate	
  ac4vity	
  of	
  the	
  enzyme	
  polyphenol	
  
oxidase	
  in	
  crude	
  extract	
  prepared	
  from	
  potato.	
  

	
  

•  To	
  demonstrate	
  the	
  chemical	
  nature	
  of	
  the	
  enzyme.	
  

	
  

•  	
  To	
  inves4gate	
  the	
  substrate	
  specificity	
  of	
  the	
  enzyme.	
  

•  	
  To	
  inves4gate	
  the	
  effects	
  of	
  various	
  temperatures	
  on	
  
the	
  ac4vity	
  of	
  the	
  enzyme.	
  	
  

**All	
  test	
  done	
  in	
  this	
  experiment	
  are	
  qualita4ve**	
  	
  	
  



	
  	
  	
  	
  Exp.1-­‐	
  	
  Test	
  tube	
  enzyma.c	
  ac.vity:	
  

Principle:	
  
•  In	
  this	
  reac4on	
  we	
  are	
  looking	
  for	
  enzyme	
  substrate	
  reac4on	
  in	
  general	
  

	
  

	
  

	
  

•  In	
  this	
  experiment	
  you	
  will	
  no4ce	
  the	
  change	
  	
  qualita4vely	
  (change	
  in	
  the	
  color).	
  	
  

•  The	
   intensity	
   of	
   this	
   color	
   (brown)	
  will	
   be	
   propor4onal	
   to	
   the	
   enzyme’s	
   ac4vity	
   in	
   the	
  
tube	
  under	
  observa4on.	
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Method: 
 
a.  Label three clean test tubes A, B and C.  
b.  Prepare each tube as follows:  

  
 
 
 
 
 
 
 
 
c. Place all three tubes in a water bath at 37 ºC.  
d. Shake each tube every 5 minutes to aerate, thereby adding oxygen to the solution.  
e. Every 5 minutes, after shaking, hold the tubes up to the light and examine. 
 
àRecord the color in each tube in the table. Continue for 25 minutes. 
  

Tube	
   AddiIon	
  

	
  TUBE	
  A	
   •  15	
  drops	
  of	
  enzyme	
  extract.	
  
•  15	
  drops	
  of	
  0.01M	
  catechol	
  solu4on 	
  	
  

TUBE	
  B	
   •  15	
  drops	
  of	
  enzyme	
  extract.	
  
•  15	
  drops	
  of	
  dis4lled	
  water. 	
  	
  	
  

TUBE	
  C	
   •  15	
  drops	
  of	
  0.0M	
  catechol	
  solu4on.	
  	
  
•  15	
  drops	
  of	
  dis4lled	
  water	
  



Incuba4on	
  4me	
  
(minutes) 

Degree	
  of	
  color	
  intensity	
  (Symbol:	
  −,	
  +,	
  ++	
  or	
  +++)	
  	
   

TUBE	
  A TUBE	
  B TUBE	
  C 
0 
5 
10 
15 
20 
25 

Results:    
  
 

	
  
Degree	
  of	
  color	
  intensity	
  symbol	
  
	
  
	
  No	
  color	
  change	
  (colorless)	
  −	
  
	
  Faint	
  color	
  (just	
  detectable)	
  +	
  
	
  Definite	
  color	
  ++	
  
	
  Dark	
  (deep)	
  color	
  +++	
  



Important	
  notes:	
   •  There	
   are	
   3	
   terms	
   for	
   an	
   enzyma4c	
   reac4on	
   to	
  
happen:	
  

1.  Presence	
  of	
  enzyme	
  

2.  Presence	
  of	
  substrate	
  
3.  Availability	
  of	
  appropriate	
  condi4ons	
  (	
  37	
  C,	
  pH	
  6.7)	
  
	
  

!	
   If	
   any	
   of	
   these	
   terms	
   are	
   absent	
   there	
   will	
   be	
   no	
  
enzymaIc	
  reacIon.	
  

Enzyme	
  

Op4mal	
  pH	
  and	
  Temperature	
  



Exp.	
  2-­‐	
  Chemical	
  nature	
  of	
  PPO:	
  
	
  	
  	
  Principle:	
  
•  As	
  we	
  all	
   know	
  majority	
  of	
   enzymes	
  are	
  proteins.	
   Some	
  

are	
  made	
  of	
  RNA	
  

•  They	
   are	
   high	
   molecular	
   weight	
   compounds	
   made	
   up	
  

principally	
   of	
   chains	
   of	
   amino	
   acids	
   linked	
   together	
   by	
  

pep4de	
  bonds.	
  	
  

•  It	
   will	
   be	
   examined	
   the	
   nature	
   of	
   polyphenol	
   oxidase	
  

wither	
  is	
  it	
  protein	
  or	
  not	
  

RNA(cataly4c)	
  

Protein	
  (Enzyme)	
  	
  



a. Label four clean test tubes A, B, C and D.  

b. Prepare, and teat, each tube as follows:  
 
Tube	
   (1)	
   	
  (2)	
   (3)	
  

	
  TUBE	
  A	
  
(control)	
  

•  Add10	
  drops	
  of	
  :	
  
•  enzyme	
  extract.	
  
•  0.01M	
  catechol	
  

•  Shake	
   tube	
   and	
   place	
   in	
  
water	
   bath	
   at	
   37	
   ºC	
   for	
   10	
  
minutes.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
TUBE	
  B	
   •  Add	
  10	
  drops	
  of:	
  

•  	
  enzyme	
  extract.	
  	
  	
  
•  5%	
  trichloroace4c	
  

acid	
  (TCA).	
  	
   •  Shake	
   tube	
   thoroughly	
   and	
  

wait	
  5	
  minutes.	
  

	
  

•  Add	
   10	
   drops	
   of	
   0.01M	
  

catechol	
  solu4on.	
  

•  Place	
  in	
  water	
  bath	
  at	
  37	
  ºC	
  

for	
  10	
  minutes	
  

TUBE	
  C	
   •  Add	
  10	
  drops	
  of	
  
enzyme	
  extract.	
  

•  Add	
  a	
  few	
  crystals	
  of	
  
phenylthiourea	
  

c. Examine and compare with tube A, and record your observations in the table.  

M
et
ho

d	
  
	
  



Tube	
   Treatment Degree	
  of	
  color	
  intensity	
  
(Symbol:	
  −,	
  +,	
  ++	
  or	
  +++) 

A Control 

B TCA 
C Phenylthiourea 

Results: 
  

	
  
Degree	
  of	
  color	
  intensity	
  symbol	
  
	
  
	
  No	
  color	
  change	
  (colorless)	
  −	
  
	
  Faint	
  color	
  (just	
  detectable)	
  +	
  
	
  Definite	
  color	
  ++	
  
	
  Dark	
  (deep)	
  color	
  +++	
  



Im
po

rt
an

t	
  n
ot
es
	
   •  TCA	
  is	
  an	
  analogue	
  of	
  ace4c	
  acid	
  widely	
  used	
  in	
  biochemistry	
  for	
  precipitaIon	
  of	
  macromolecules,	
  such	
  as	
  

proteins,	
  DNA,	
  and	
  RNA	
  .	
  	
  

•  It	
  will	
  effect	
  the	
  PPO	
  ac4vity	
  by	
  altering	
  the	
  pH	
  of	
  solu4on	
  leading	
  to	
  denatured	
  and	
  inac4vated	
  enzyme.	
  

à TCA	
  treatments	
  proves	
  that	
  the	
  chemical	
  nature	
  of	
  PPO	
  is	
  protein.	
  

	
  

•  Phenylthiourea	
  has	
  a	
  very	
  strong	
  chemical	
  affinity	
  for	
  the	
  element	
  copper	
  (Cu+2).	
  It	
  is	
  able	
  to	
  bind	
  with	
  Cu+2,	
  
even	
  when	
  the	
  copper	
  is	
  adached	
  to	
  other	
  chemical	
  substances,	
  as	
  in	
  the	
  ac4ve	
  site	
  of	
  PPO.	
  

à This	
  shows	
  that	
  copper	
  is	
  a	
  cofactor	
  for	
  PPO.	
  

	
  
QuesIon:	
  

If	
  we	
  treated	
  the	
  enzyme	
  with	
  trypsin	
  before	
  adding	
  the	
  catechol,	
  will	
  the	
  reacIon	
  happen	
  or	
  not?	
  And	
  WHY?	
  

No,	
  the	
  reac4on	
  will	
  not	
  happen.	
  Because	
  trypsin	
  is	
  a	
  proteoly4c	
  enzyme	
  in	
  other	
  words	
  it	
  hydrolyses	
  the	
  pep4de	
  
bonds	
  which	
  link	
  the	
  amino	
  acid	
  residues	
  to	
  denature	
  and	
  precipitate	
  proteins,	
  including	
  enzymes.	
  



Types	
  of	
  Enzyme	
  Specificity	
  
•  There	
  are	
  four	
  disInct	
  types	
  of	
  specificity:	
  

ü  Absolute	
  specificity	
  -­‐	
  the	
  enzyme	
  will	
  catalyze	
  only	
  one	
  reac4on.	
  

ü  Group	
  specificity	
  -­‐	
  the	
  enzyme	
  will	
  act	
  only	
  on	
  molecules	
  that	
  have	
  specific	
  func4onal	
  groups,	
  

such	
  as	
  amino,	
  phosphate	
  and	
  methyl	
  groups.	
  

ü  Linkage	
  specificity	
  -­‐	
  the	
  enzyme	
  will	
  act	
  on	
  a	
  par4cular	
  type	
  of	
  chemical	
  bond	
  regardless	
  of	
  the	
  

rest	
  of	
  the	
  molecular	
  structure.	
  

ü  Stereochemical	
  specificity	
  -­‐	
  the	
  enzyme	
  will	
  act	
  on	
  a	
  par4cular	
  steric	
  or	
  op4cal	
  isomer.	
  

	
  



Exp.	
  3-­‐	
  Specificity	
  of	
  Enzymes:	
  
Principle:	
  

•  The	
   three	
   compounds	
   used	
   as	
   substrates	
   in	
   this	
   part	
   of	
   the	
   experiment	
   are	
   structurally	
  
related	
  (mono-­‐,	
  di-­‐,	
  and	
  tri-­‐	
  hydroxyl	
  phenol)	
  

	
  

	
  

•  Phenol	
   is	
   a	
   mono-­‐hydroxyl	
   phenol,	
   and	
   the	
   enzyme	
   only	
   works	
   on	
   di-­‐	
   or	
   tri-­‐	
   hydroxyl	
  
phenol.	
  

•  Hydroquinone	
  is	
  a	
  di-­‐hydroxyl	
  phenol	
  that	
  can	
  slightly	
  change	
  the	
  ac4ve	
  site	
  configura4on	
  
depending	
  on	
  “induced	
  fit	
  model”	
  and	
  gives	
  a	
  fait	
  color	
  reac4ng	
  with	
  PPO.	
  

Main	
  substrate	
  
(	
  highly	
  specific)	
  

QuesIon:	
  
What	
  type	
  of	
  specificity	
  does	
  PPO	
  have?	
  	
  
	
  
Group	
  Specificity	
  



Method: 
 
a.  Label three clean test tubes A, B and C.  

b.  Shake the tubes gently and place them in a water bath at 37 ºC. 

c.   Examine the tubes after 5 minutes and after 10 minutes. Record the color in each tube, in 
the table.  

Tube	
   (1)	
   (2)	
  

A	
   	
  
	
  
15	
  drops	
  of	
  enzyme	
  extract.	
  

•  Add	
  15	
  drops	
  of	
  0.01M	
  
catechol	
  solu4on	
  

B	
   •  Add	
  15	
  drops	
  of	
  0.01M	
  
phenol	
  solu4on	
  

C	
   •  15	
  drops	
  of	
  0.01M	
  
hydroquinone	
  



Substrate	
   Degree	
  of	
  color	
  intensity	
  
	
  (Symbol:	
  −,	
  +,	
  ++	
  or	
  +++)	
   

5	
  minutes 10	
  minutes 

Catechol	
   

Phenol	
   

Hydroquinone	
   

Results:	
  
  

	
  
Degree	
  of	
  color	
  intensity	
  symbol	
  
	
  
	
  No	
  color	
  change	
  (colorless)	
  −	
  
	
  Faint	
  color	
  (just	
  detectable)	
  +	
  
	
  Definite	
  color	
  ++	
  
	
  Dark	
  (deep)	
  color	
  +++	
  



Exp.	
  4-­‐Temperature	
  and	
  enzyma.c	
  ac.vity:	
  

Optimum Tm*: 
 is that Tm at which the activity of the enzyme is maximum 

Principle:	
  

Low	
  acIvity	
  <	
  OpImum	
  Tm	
  

*



Method 
 
a.  Label three clean test tubes A, B and C.  

 
b.  Shake each tube gently and quickly return it to its proper temperature condition.  
 
c.  Wait for 15 minutes. After this time, examine each tube, without removing it from its 

temperature condition, and record the color in each tube in the table.  

Tube	
   (1)	
   (2)	
  Incubate	
  for	
  10	
  
min	
  at:	
  

(3)	
  

A	
   	
  
Add	
  15	
  drops	
  of	
  enzyme	
  

0	
  ºC	
  	
   	
  
Add	
  15	
  drops	
  of	
  0.01M	
  catechol	
  B	
   37	
  ºC.	
  	
  

C	
   70	
  ºC.	
  	
  



Temperature	
  (ºC) Degree	
  of	
  color	
  intensity	
  
(Symbol:	
  −,	
  +,	
  ++	
  or	
  +++) 

0 

37 

70 

Results:	
  
  

	
  
Degree	
  of	
  color	
  intensity	
  symbol	
  
	
  
	
  No	
  color	
  change	
  (colorless)	
  −	
  
	
  Faint	
  color	
  (just	
  detectable)	
  +	
  
	
  Definite	
  color	
  ++	
  
	
  Dark	
  (deep)	
  color	
  +++	
  


