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Outline

 d ef in i t ion  o f  re d  b iote ch n o log y

 are as  o f  re d  b iote ch  ap p l i cat ion s

 mole cu lar  d iag nost ics

 immu n olog ica l  d iag n ost ic  meth od s

 n u c le ic  ac id  d iag n ost ic  syste ms

 d ig i ta l  d iag n ost ics

 p e rs on a l i ze d  me d ic in e



Red (medical) biotechnology

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

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

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

a n d  e f f e c t i v e  t r e a t m e n t

 p e r s o n a l i z e d  m e d i c i n e  - t h e r a p y  t a i l o r e d  b a s e d  o n  p a t i e n t  

p r o f i l e  r a t h e r  t h a n  t h e  “ o n e  s i z e  f i t s  a l l ”  a p p r o a c h

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

 m o l e c u l a r  d i a g n o s t i c s  a n d  g e n e t i c  t e s t i n g

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

 t i s s u e  e n g i n e e r i n g  a n d  r e g e n e r a t i v e  m e d i c i n e

 g e n e  t h e r a p y  a n d  t h e r a p e u t i c a l c l o n i n g

 d r u g  d e l i v e r y  a n d  n a n o m e d i c i n e s



Clinical diagnostics

 s u cce s s  o f  mod e rn  me d ic in e  d e p e n d s  on  sp e c i f i c  d etect ion  of

 v i r u s e s

 b a c t e r i a

 f u n g i

 p ro t e i n s

 n u c l e i c  a c i d s

 me d ica l  lab oratory  meth od s  contr ib u te  to  80% o f  d iagnos is

 good  d ete ct ion  meth od  s h ou ld  h ave  th re e  ch aracte r i st i cs

 s e n s i t i v i t y  - a b i l i t y  t o  d e t e c t  s m a l l  a m o u n t s  o f  t a rg e t  m o l e c u l e

 s p e c i f i c i t y  - p o s i t i v e  re s u l t  fo r  t h e  t a rg e t  m o l e c u l e  o n l y

 s i m p l i c i t y  - a b i l i t y  t o  r u n  e f f i c i e nt l y,  i n ex p e n s i v e l y  o n  a  ro u t i n e  b a s i s



Clinical diagnostics

 c lass ica l  meth ods

 c u l t i va t i o n ,  m i c ro s c o p i c  a n a l y s i s ,  b i o c h e m i c a l  a s s a y s

 P O S I T I V E S :  s i m p l e ,  d i re c t  d e t e c t i o n

 N EG AT I V E S :  s l o w,  l a b o r i o u s ,  l o w  s e n s i t i v i t y,  h i g h  s k i l l  l e v e l  

re q u i re m e n t ,  d a n g e ro u s  d u r i n g  c u l t i va t i o n  i n fe c t i o u s  o rg a n i s m s

 mo lecular  d iagnost ics  (p ast  20  ye ars )

 i m m u n o l o g i c a l a n d  n u c l e i c  a c i d  d i a g n o s t i c  sy s t e m s

 P O S I T I V E S :  fa s t ,  s i m p l e ,  h i g h  s e n s i t i v i t y,  a u t o m a t a b l e ,  s a fe

 N EG AT I V E S :  n o t  a l w ay s  s p e c i f i c ,  p o s s i b l e  fa l s e  p o s i t i ve  

o r  n e g a t i ve  re s u l t s



Immunological methods

 s e n s i t ive ,  s p e c i f i c  an d  s imp le

 b as e d  on  ant igen - ant ibody  interact ions

 p rote in  > >  s u gar  >  n u c le ic  ac id

 wid e  ran ge  o f  ap p l i cat ion s  in  mon i tor in g :

 h o r m o n e s ,  v i t a m i n s ,  m e t a b o l i te s ,  d i a g n o st i c  m a r ke rs

( e . g . ,  i n s u l i n ,  t e s t o s t e r o n e ,  p r o s t a g l a n d i n s ,  c o r t i c o i d s )

 d r u g s

( e . g . ,  b a r b i t u r a t e s ,  m o r p h i n e ,  d i g o x i n )

 i n fe c t i o n s

( e . g . ,  L e g i o n e l l a ,  H I V,  h e p a t i t i s  A ,  B )

 c a n c e r

( e . g . ,  a l p h a - f e t o p r o t e i n ,  c a r c i n o - e m b r y o n i c  a n t i g e n )



Immunological methods

 ag g lu t inat ion

 b l o o d  t y p i n g  te s t

 A B O  b l o o d - g ro u p  a n t i g e n s  

( d i f fe re n c e s  i n  t h e  s u g a rs  o n  g l yc o - p ro t e i n s )



Immunological methods

 ag g lu t inat ion

 p r e g n a n c y  te s t

 i n h i b i t i o n  i n  p re s e n c e  o f  h u m a n  c h o r i o n i c  g o n a d o t ro p i n ,  

h C G ,  g l yc o p ro t e i n  h o r m o n e  p ro d u c e d  i n  p re g n a n c y



Immunological methods

 immu no -chromatographic  assays

 s i m p l e  d e v i c e s  t o  d e t e c t  p re s e n c e  o f  a n a l y t e  i n  s a m p l e

 n o  n e e d  fo r  s p e c i a l i ze d  e q u i p m e n t  o r  s a m p l e  t re a t m e n t

 c o l o re d  p a r t i c l e  - l a t ex  ( b l u e )  o r  n a n o s i ze d g o l d  ( re d )

 s a n d w i c h d o u b l e  a n t i b o d y  re a c t i o n  s c h e m e  ( e . g .  H I V,  h C G )

 c o m p e t i t i v e re a c t i o n  s c h e m e  ( s m a l l  a n t i g e n s )



Immunological methods

 e n zyme - l inked immu nosorbent assay ( EL ISA )

 e n z y m e  b a s e d d e t e c t i o n ( e . g . ,  H R P,  β - g a l a c t o s i d a s e ,  p h o s p h a t a s e )

 f l o re s c e n c e o r c o l o r i m e t r i c b a s e d d e t e c t i o n



Immunological methods

 d ig i ta l   immu noassay  ( s in g le  mole cu le  EL I SA)

 d e t e c t i o n  v o l u m e  d e c re a s e d  b y  a  fa c t o r  o f  1 0 1 0 ( 1 0 0mL  t o  1 0  f L )

 f l u o re s c e n c e  d e t e c t i o n  o f  f L - a r ra y  

 q u a n t i ta t i v e  s u b fe m t o m o l a r ra n g e  s e n s i t i v i t y  



Immunological methods

 we stern  b lo tt ing

 S D S - Pa g e - s e p a ra t e s  c o m p o n e n t s  a c c o rd i n g  t o  m o l e c u l a r  w e i g h t



Immunological methods

 we stern  b lo tt ing

 S D S - Pa g e - s e p a ra t e s  c o m p o n e n t s  a c c o rd i n g  t o  m o l e c u l a r  w e i g h t

 B l o t :  p ro t e i n s  i n  g e l  t ra n s fe r re d  t o  n i t ro c e l l u l o s e  o r  ny l o n



Immunological methods

 we stern  b lo tt ing

 S D S - Pa g e - s e p a ra t e s  c o m p o n e n t s  a c c o rd i n g  t o  m o l e c u l a r  w e i g h t

 B l o t :  p ro t e i n s  i n  g e l  t ra n s fe r re d  t o  n i t ro c e l l u l o s e  o r  ny l o n

 I m m u n o r e a c t i o n :  a f t e r  b l o c k i n g  ( B S A )  p ro b e d  w i t h  p r i m a r y  

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

 D e te c t i o n :  ra d i o a c t i v e l a b e l l i n g , c o l o r i m e t r y,  f l o re s c e n c e ,  

( c h e m i ) l u m i n e s c e n c e



Immunological methods

 immu noprec ip i tat ion

 c o l l e c t e d  b y  m a g n e t i c  b e a d s  c o u p l e d  t o  a  s e c o n d a r y  a n t i b o d y



Immunological methods

 immu nof luorescence (micros copy meth od s )

 f l u o re s c e n c e  l a b e l l e d a n t i b o d y  ( e . g . ,  f l u o re s c e i n ,  r h o d a m i n e )

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



Nucleic acid diagnostic systems

 most  common  ob je ct  for  te st in g  i s  D NA ,  in  s ome  cas e s  RNA

 are as  o f  me d ica l  ap p l i cat ion s :

 p r e n a t a l  d i a g n o s t i c s :  n o n - i nva s i v e  d e t e c t i o n  o f  fe t a l  d i s e a s e s
( e . g . ,  D o w n  sy n d ro m e ,  c y s t i c  f i b ro s i s )

 g e n e t i c  te s t i n g :  h i g h  t h ro u g h p u t  t e s t i n g  fo r  g e n e t i c  d i s o rd e rs  
( e . g . ,  S N P s  m a r ke rs ,  i n s e r t i o n s ,  d e l e t i o n s )

 i n fe c t i o u s  d i s e a s e s :  p a t h o g e n  i d e n t i f i c a t i o n  a n d  d r u g  re s i s t a n c e  
( e . g .  H I V,  H BV,  H C V )

 o n c o l o g y :  e a r l y  d i a g n o s i s  o f  c a n c e r
( e . g . ,  c i rc u l a t i n g  t u m o r  D N A ,  re t i n o b l a s t o m a  g e n e )

 t ra n s p l a n t a t i o n  m e d i c i n e :  n o n - i nva s i v e  d e t e c t i o n  o f  o rg a n  re j e c t i o n  
( e . g . ,  u r i n e  t e s t i n g  fo r  k i d n e y  re j e c t i o n ,  h u m a n  l e u ko c y t e  a n t i g e n )

 p h a r m a c o g e n o m i c s :  i n f l u e n c e  o f  g e n e t i c  va r i a t i o n  o n  d r u g  re s p o n s e

 D N A  t y p i n g :  f i n g e r p r i n t  o f  g e n o t y p i c  t ra i t s  
( p a t e r n i t y,  c r i m e  s u s p e c t s ,  a n c e s t r y )



Nucleic acid diagnostic systems

 D NA hyb r id izat ion

 p ro b e w h i c h  a n n e a l s  t o  t h e  t a rg e t  n u c l e i c  a c i d  

 b a c t e r i a l  a n d  v i ra l  p a t h o g e n s c o n t a i n  s p e c i f i c  g e n e ( s )

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



Nucleic acid diagnostic systems

 D NA hyb r id izat ion

 c o nv e n t i o n a l  m e t h o d

1 . a t t a c h m e n t  o f  t a r g e t  D N A  t o  s o l i d  m a t r i x

2 . d e n a t u r a t i o n o f  b o t h  p r o b e  a n d  t a r g e t

3 . a n n e a l i n g p r o b e  t o  t a r g e t  D N A

4 . w a s h i n g a n d  d e t e c t i o n  

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



Nucleic acid diagnostic systems

 D NA hyb r id izat ion

 c o nv e n t i o n a l  m e t h o d

 Ta q M a n P ro b e s  - hyd ro l y s i s  b y  Ta q p o l y m e ra s e

Taq

Donor dye (Reporter)
Acceptor dye 
(Quencher)

Taq

Light Emission

Light



Nucleic acid diagnostic systems

 D NA hyb r id izat ion

 c o nv e n t i o n a l  m e t h o d

 Ta q M a n p ro b e s  - hyd ro l y s i s  b y  Ta q p o l y m e ra s e

 m o l e c u l a r  b e a c o n s  - h a i r p i n  D N A  w i t h  i n t e r n a l l y  q u e n c h e d  f l u o ro p h o re



Nucleic acid diagnostic systems

 D NA hyb r id izat ion

 E X A M P L E :  d e t e c t i o n  o f  p a ra s i t e  P l a s m o d i u m  f a l c i p a r u m

 m i c ro s c o p i c o b s e r va t i o n s  o f  b l o o d  s m e a rs  i s  l a b o r  i n t e n s i v e

 E L I SA d o e s  n o t  d i f fe re n t i a t e  b e t w e e n  p a s t  a n d  p re s e n t  i n fe c t i o n

 D N A d i a g n o s t i c  sy s t e m  m e a s u re  o n l y  c u r re n t  i n fe c t i o n

 O t h e r  ex a m p l e s :    S a l m o n e l l a  t y p h i ( fo o d  p o i s o n i n g )  

E s c h e r i c h i a  c o l i  ( g a s t ro e n t e r i t i s )



Nucleic acid diagnostic systems

 D NA hyb r id izat ion

 f l u o r e s c e n c e  i n  s i t u  hy b r i d i za t i o n  ( F I S H )  

 n e w  t e c h n i q u e  f o r  k a r y o t y p i n g

 c h r o m o s o m e  a b n o r m a l i t i e s  ( s e g m e n t a l  d e l e t i o n s  a n d  t r a n s l o c a t i o n s )

 a n e u p l o i d y ( a b n o r m a l  n u m b e r  o f  c h r o m o s o m e s )  

n o r m a l  f e m a l e n o r m a l  m a l e

X

Y

1 6

1 3

1 4

n o r m a l  1 3 ,  1 4 m o n o s o m y  1 4

http://en.wikipedia.org/wiki/Image:FISH_(technique).gif
http://en.wikipedia.org/wiki/Image:FISH_(technique).gif


Nucleic acid diagnostic systems

 D NA hyb r id izat ion

 D N A  m i c ro a r ra y  ( D N A  c h i p )  

 1 0 4 t o  1 0 6 p r o b e s ( r e p o r t e r s )

 s p o t - p i c o m o l e ( 1 0 - 1 2 M )  o f  o l i g o  

 p r o b e - t a r g e t  h y b r i d i z a t i o n

 l a b e l l i n g b y  c h e m i l u m i n e s c e n c e ,

f l u o r o p h o r e  o r  s i l v e r

 b i o i n f o r m a t i c s  d a t a  p r o c e s s i n g



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

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

 t h e  p re s e n c e  o f  t h e  a p p ro p r i a t e  a m p l i f i e d  s i ze  f ra g m e n t  

( p ro d u c t )  c o n f i r m s  t h e  p re s e n c e  o f  t h e  t a rg e t

 s p e c i f i c  p r i m e rs  a re  a va i l a b l e  fo r  d e t e c t i o n  o f  

b a c t e r i a  ( E .  c o l i ,  M .  t u b e r c u l o s i s ) ,  v i r u s e s  ( H I V ) ,  f u n g i

 e a r l y  d i a g n o s i s  o f  m a l i g n a nt  d i s e a s e s  ( l e u ke m i a )



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

 r e a l - t i m e  P C R  ( q P C R )

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

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

w i t h  f l u o r e s c e n t  r e p o r t e r



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

 r e v e rs e  t ra n s c r i p t i o n  P C R  ( R T - P C R )

 r e a l - t i m e  r e v e rs e - t ra n s c r i p t i o n  P C R  ( q R T - P C R )



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

 i m m u n o q u a n t i t a t i v e r e a l - t i m e  P C R  ( i q P C R )

o c o m b i n e s s p e c i f i c i t y o f  a n t i b o d i e s  a n d  s e n s i t i v i t y o f  P C R

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

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

 E X A M P L E :  p r i o n  d e te c t i o n

d e t e c t i o n l i m i t  1 0 0  n g / L

1 0 - f o l d  l o w e r  t h a n  c l a s s i c a l  E L I S A



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

 ra n d o m  a m p l i f i e d  p o l y m o r p h i c  D N A  ( R A P D )  

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

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

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

W h i c h r e g i o n ( s )  w i l l b e a m p l i f i e d ?

avg 3 000 bp

D N A  f i n g e r p r i n t i n g



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

 r e s t r i c t i o n  f ra g m e n t  l e n g t h  p o l y m o r p h i s m  ( R F L P )

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

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

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

 E X A M P L E :  d i a g n o s t i c s  o f  s i c k l e  c e l l  a n e m i a

o a n e m i a  a n d  d a m a g e  t o  h e a r t ,  l u n g ,  
b r a i n ,  j o i n t s  a n d  o t h e r  o r g a n s

o s i n g l e  n u c l e o t i d e  c h a n g e  i n  6 t h a a  
o f  b e t a - c h a i n  o f  h e m o g l o b i n ( E 6 V )

o n o r m a l  D N A  s e q u e n c e  C C T G A G G ( A )

o m u t a n t  D N A  s e q u e n c e  C C T G T G G ( S )

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

NORMAL SICKLE-CELL



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

 o l i g o n u c l e o t i d e  l i ga t i o n  a s s a y  ( P C R / O L A )



Nucleic acid diagnostic systems

 p o lymerase c h a in re ac t ion ( P CR )

 Pa d l o c k  p ro b e ( P C R / P L P )

o t a r g e t - c o m p l e m e n t a r y  s e q u e n c e s  

a t  5 ′  a n d  3 ′  e n d s  

o l i g a t e  o n l y  i f  p e r f e c t  m a t c h

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



Nucleic acid diagnostic systems

 p o lymerase c h a in  re ac t ion ( P CR)

 Pa d l o c k  p ro b e  ( q P C R / P L P )

o t a r g e t - c o m p l e m e n t a r y  s e q u e n c e s  

a t  5 ′  a n d  3 ′  e n d s  ( T 1 ,  T 2 )

o u n i v e r s a l  p r i m e r  s i t e s  ( P 1 ,  P 2 )

o r e p o r t e r  s e q u e n c e  ( Z i p )

Szemes et al. 2005. Nucl. Acids Res. 33: e70



Nucleic acid diagnostic systems

 D NA se q uenc ing

 m o s t  d i re c t  m e t h o d

 b e c o m e  c h e a p  a n d  fa s t ,  p u s h e s  o t h e r  m e t h o d s  b a c k w a rd

 g e n e s ,  g e n e t i c  re g i o n s  ( i . e .  g e n e  c l u s t e rs  o r  o p e ro n s ) ,  

f u l l  c h ro m o s o m e s  o r  e n t i re  g e n o m e s

 E X A M P L E :  D i a g n o s t i c  fo r  D u c h e n n e  m u s c u l a r  d y s t ro p hy  ( D M D )

 m u t a t e d  d y s t r o p h i n  ( ” i m p l o s i o n ”  o f  m u s c l e  c e l l s )

 X - l i n ke d  r e c e s s i v e ,  c a r r i e r  m o t h e r

 d y s t r o p h i n  g e n e  l a r g e  ( 2 , 4  M b )

 f i r s t  m u t a t i o n  c a r r i e r  o f t e n  m o s a i c  

( b l o o d  m a y  b e  n o t  a  m u t a t i o n  c a r r i e r )



Nucleic acid diagnostic systems

 D NA se q uenc ing

 2 0 0 3  H u m a n  G e n o m e  P ro j e c t  ( 1 3  y e a rs )

 2 0 0 8  J a m e s  Wa t s o n  g e n o m e  ( 6  m o n t h )

 2 0 1 6 g e n o m e  s e q u e n c i n g  ( 1 0  h o u rs )



Digital diagnostics

 s i n g l e  m o l e c u l e  p y r o s e q u e n c i n g

 d r o p l e t s  1  p i c o l i t e r ( 1 0 - 1 2 l i t e r s )

 1  m i l .  r e a d s / r u n ,  1 - 1 0  U S D / M b a s e

 d r o p l e t  d i g i t a l  P C R  

 d r o p l e t s  1  n a n o l i t e r ( 1 0 - 9 l i t e r s )

 2 0  t h o u s a n d  r e a d s / r u n

 s i n g l e  m o l e c u l e  E L I S A

 v o l u m e  1 0  f e m t o l i t e r ( 1 0 - 1 5 l i t e r s )

 s u b f e m t o m o l a r r a n g e  s e n s i t i v i t y  

 D N A  m i c r o a r r a y  ( D N A  c h i p )  

 u p  t o  1 0 6 p r o b e s  ( r e p o r t e r s )

 p i c o m o l e ( 1 0 - 1 2 M )  o f  o l i g o p e r  s p o t  



Personalized medicine

 me d ica l  p ract ice  an d  p rod u cts  ta i lored  to  in d iv idual  p at ient

 ef fe c t ive  ge n et ic ,  mole cu lar  or  ce l lu la r  d iagnost ics

 ge n et ic  in fo rmat ion  h as  major  ro le  in  p e rs on a l i ze d  me d ic in e  

(e . g .  p h armacogen omics )

 min iatu r i zat ion  /  s imp le  h an d h e ld  d ev ice s

 me d ica l  d iagnost ics f rom h os p i ta l /c l in ics  to  o ff i c e /home



Personalized medicine

 p h armacogenomics

 d e s i g n i n g  t h e  m o s t  e f fe c t i v e  d r u g  t h e ra p y

b a s e d  o n  s p e c i f i c  g e n e t i c  p ro f i l e  o f  p a t i e nt

 d i f fe re n t  d r u g  e f fe c t s  - g e n e t i c p o l y m o r p h i s m s



Personalized medicine

 p h armacoge nomics

 p e rsonal ized  o n cology

 a n a l y ze  t u m o r  /  p a t i e nt  p ro f i l e

 d e s i g n s p e c i f i c  t re a t m e n t



Personalized medicine

 p h armacoge nomics

 p e rs on a l i ze d on co log y

 p re - implantat ion ge n et ic d iagnos is ( P G D )

 7 0 0 0  g e n e t i c d e s e a s e s 4 0 0 0  k n o w n ( M e n d e l i a n i a n h e re t i g e )



Personalized medicine

 p h armacoge nomics

 p e rs on a l i ze d  on co log y

 p re - imp lantat ion  ge n et ic  d iag n os is  (PG D)

 ge n e e d i t ing

 D N A  i s  i n s e r t e d ,  re p l a c e d ,  o r  re m o v e d  f ro m  a  g e n o m e

 a r t i f i c i a l l y  e n g i n e e re d  n u c l e a s e s

 g e n e  t h e ra p y  re p l a c e s  d e fe c t i v e  g e n e  a t  n a t u ra l  l o c a t i o n


