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Bi7430 Molecular Biotechnology

10.  Molecular  Biotechnology 

in Medicine I .

Outline

 def i n i t i on  of  red b i otechnol og y

 areas  of  red b i otech appl i cat i ons

 mol ecul ar  d i ag nost i cs

 i mmunol og i ca l  d i ag nost i c  methods

 nucl e i c  ac i d  d i ag nost i c  systems

 di g i ta l  d i ag nost i cs

 personal i zed medi c i ne

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

 success  of  modern medi c i ne  depends  on sp eci f ic  d etect ion  of

 v i ru s es

 b a ct er ia

 f u n g i

 p ro t e in s

 n u c le ic  a c id s

 medi ca l  l aboratory  methods  contr i bute  to  80%  of  d ia gn osis

 g ood detect i on method shoul d  have  three  character i st i cs

 se n s i t i v i t y  - a b i l i t y  t o  d et ect  s m a l l  a m o u n t s  o f  t a rget  m o lecu le

 sp e c i f i c i t y  - p o s i t iv e  res u l t  fo r  t h e  t a rget  m o lecu le  o n ly

 s i mp l i c i t y  - a b i l i t y  t o  ru n  e f f i c ien t ly,  in ex p en s iv e ly  o n  a  ro u t in e  b a s i s
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Clinical diagnostics

 c la ss ica l  meth od s

 cu l t iva t io n ,  m icro s co p ic  a n a ly s i s ,  b io ch em ica l  a s s ay s

 P O S IT IV E S :  s im p le ,  d i rect  d et ect io n

 NE G AT IV E S :  s lo w,  la b o r io u s ,  lo w s en s i t iv i t y,  h igh  s k i l l  l ev e l  

req u i rem en t ,  d a n gero u s  d u r in g  cu l t iva t io n  in fect io u s  o rga n is m s

 molecu la r  d ia gn ost ics  (past  20 years )

 i mmu 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 gn o st i c  sy s t em s

 P O S IT IV E S :  fa s t ,  s im p le ,  h igh  s en s i t iv i t y,  a u t o m a ta ble ,  s a fe

 NE G AT IV E S :  n o t  a lway s  s p ec i f i c ,  p o s s ib le  fa l s e  p o s i t iv e  

o r  n ega t iv e  res u l t s

Immunological methods

 sens i t i ve ,  speci f i c  and s i mpl e

 based on a n t igen -a n t ib od y  in tera ct ion s

 prote i n  >>  sugar  >  nucl e i c  ac i d

 wi de  rang e  of  appl i cat i ons  i n  moni tor i ng :

 h o r mo n e s ,  v i t a mi n s ,  me t a b o l i t e s ,  d ia gn o s t ic  ma r ke r s

( 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 gs

( 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 ox 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 - fe 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

 a gg lu t in a t ion

 b l o o d  t yp i n g  t e st

 A B O  b lo o d - gro u p  a n t igen s  

(d i f feren ces  in  t h e  s u ga rs  o n  g lyco - p ro t e in s )

Immunological methods

 a gg lu t in a t ion

 p r e gn a n c y  t e st

 in h ib i t io n  in  p res en ce  o f  h u m a n  ch o r io n ic  go n a d o t ro p in ,  

h C G ,  g lyco p ro t e in  h o rm o n e p ro d u ced  in  p regn a n cy
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Immunological methods

 immu n o -ch roma togra p h ic  a ssays

 s im p le  d ev ices  t o  d et ect  p res en ce  o f  a n a ly t e  in  s a m p le

 n o  n eed  fo r  s p ec ia l i zed  eq u ip m en t  o r  s a m p le  t rea t m en t

 co lo red  p a r t i c le  - la t ex  (b lu e)  o r  n a n o s ized go ld  ( red )

 sa n d w i c h d o u b le  a n t ib o d y  rea ct io n  s ch em e (e .g .  H IV,  h C G )

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

Immunological methods

 en zyme- l in ked immu n osorb en t a ssay (ELISA )

 en z y m e b a s ed d et ect io n (e .g . ,  H R P,  β - ga la c t o s id a s e ,  p h o s p h a t a s e )

 f lo res cen ce o r co lo r im et r i c b a s ed d et ect io n

Immunological methods

 d ig ita l   immu n oa ssay  ( s i ng l e  mol ecul e  EL I SA )

 d et ect io n  v o lu m e d ecrea s ed  b y  a  fa c t o r  o f  1 0 1 0 (1 0 0m L  t o  1 0  f L )

 f lu o res cen ce  d et ect io n  o f  f L - a r ray  

 q u a n t i t a t iv e  s u b fem t o m o la r ra n ge  s en s i t iv i t y  

Immunological methods

 western  b lott in g

 SD S - Pa ge - s ep a ra t es  co m p o n en t s  a cco rd in g  t o  m o lecu la r  we igh t
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Immunological methods

 western  b lott in g

 SD S - Pa ge - s ep a ra t es  co m p o n en t s  a cco rd in g  t o  m o lecu la r  we igh t

 B l o t :  p ro t e in s  in  ge l  t ra n s fer red  t o  n i t ro ce l lu lo s e  o r  ny lo n

Immunological methods

 western  b lott in g

 SD S - Pa ge - s ep a ra t es  co m p o n en t s  a cco rd in g  t o  m o lecu la r  we igh t

 B l o t :  p ro t e in s  in  ge l  t ra n s fer red  t o  n i t ro ce l lu lo s e  o r  ny lo n

 I mmu n o r e a c t i o n :  a f t er  b lo ck in g  (B S A )  p ro b ed  wi t h  p r im a ry  

a n d  s eco n d a ry  a n t ib o d y  

 D e t e c t i o n :  ra d io a ct iv e la b e l l in g , co lo r im et r y,  f lo res cen ce ,  

( ch em i ) lu m in es cen c e

Immunological methods

 immu n op recip ita t ion

 co l lec t ed  b y  m a gn et ic  b ea d s  co u p led  t o  a  s eco n d a ry  a n t ib o d y

Immunological methods

 immu n of lu orescen ce (mi croscopy methods )

 f lu o res cen ce  la b e l led a n t ib o d y  (e .g . ,  f lu o res ce in ,  rh o d a m in 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 fe c t e d  c e l l s C h l a my d o m o n a s
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Nucleic acid diagnostic systems

 most  common object  for  test i ng  i s  DNA ,  i n  some cases  RNA

 areas  of  medi ca l  appl i cat i ons :

 p r e n a t a l  d i a gn o st i c s :  n o n - inva s iv e  d et ect io n  o f  fe t a l  d i s ea s es
(e .g . ,  D o wn  sy n d ro m e,  cy s t i c  f ib ro s i s )

 ge n e t i c  t e st i n g :  h igh  t h ro u gh p u t  t es t in g  fo r  gen et ic  d i s o rd ers  
(e .g . ,  S NPs  m a rkers ,  in s er t io n s ,  d e let io n s )

 i n fe c t i o u s  d i se a se s :  p a t h o gen  id en t i f i ca t io n  a n d  d ru g  res i s t a n ce  
(e .g .  H IV,  H B V,  H C V )

 o n c o l o gy :  ea r ly  d ia gn o s i s  o f  ca n cer
(e .g . ,  c i rcu la t in g  t u m o r  D NA ,  ret in o b la s t o m a  gen e)

 t ra n sp l a n t a t i o n  me d i c i n e :  n o n - inva s iv e  d et ect io n  o f  o rga n  re j ect io n  
(e .g . ,  u r in e  t es t in g  fo r  k id n ey  re j ect io n ,  h u m a n  leu ko cy t e  a n t igen )

 p h a r ma c o ge n o mi c s :  in f lu en ce  o f  gen et ic  va r ia t io n  o n  d ru g  res p o n s e

 D N A  t yp i n g :  f in gerp r in t  o f  gen o t y p ic  t ra i t s  
(p a t ern i t y,  c r im e s u s p ect s ,  a n ces t ry )

Nucleic acid diagnostic systems

 DNA hyb rid iza t ion

 p r o b e wh ich  a n n ea ls  t o  t h e  t a rget  n u c le ic  a c id  

 b a ct er ia l  a n d  v i ra l  p a t h o ge n s co n t a in  s p ec i f i c  gen e(s )

 ge n e t i c  d i se a se s  ca u s ed  b y  m u t a t io n  o r  a b s en ce  o f  p a r t i cu la r  gen e(s )

Nucleic acid diagnostic systems

 DNA hyb rid iza t ion

 c o nve n t i o n a l  me 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 hy,  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

 DNA hyb rid iza t ion

 c o nve n t i o n a l  me t h o d

 Ta q M a n P r o b e s  - hy d ro ly s i s  b y  Ta q p o ly m era s e

Taq

Donor dye (Reporter)
Acceptor dye 
(Quencher)

Taq

Light Emission

Light
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Nucleic acid diagnostic systems

 DNA hyb rid iza t ion

 c o nve n t i o n a l  me t h o d

 Ta q M a n p r o b e s  - hy d ro ly s i s  b y  Ta q p o ly m era s e

 mo l e c u l a r  b e a c o n s  - h a i rp in  D NA  wi t h  in t ern a l ly  q u en ch ed  f lu o ro p h o re

Nucleic acid diagnostic systems

 DNA hyb rid iza t ion

 E X A M P L E :  d et ect io n  o f  p a ra s i t e  P la s mo d iu m f a lc ip a r u m

 mi c r o sc o p i c o b s erva t io n s  o f  b lo o d  s m ea rs  i s  la b o r  in t en s iv e

 E L I SA d o es  n o t  d i f feren t ia t e  b et ween  p a s t  a n d  p res en t  in fect io n

 D N A d ia gn o s t ic  sy s t em  m ea s u re  o n ly  cu r ren t  in fect io n

 O t h er  exa m p les :    S a lmo n e l la  t yp h i ( fo o d  p o is o n in g)  

E s c h e r ic h ia  c o l i  (ga s t ro en t er i t i s )

Nucleic acid diagnostic systems

 DNA hyb rid iza t ion

 f l u o r e sc e n c e  i n  s i t u  hyb r i d i za t i o n  ( F I SH )  

 n e w  t e c h n i q u e  fo 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

Nucleic acid diagnostic systems

 DNA hyb rid iza t ion

 D N A  mi c r o a r ray  ( 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  hy 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 fo r m a t i c s  d a t a  p r o c e s s i n g

http://en.wikipedia.org/wiki/Image:FISH_(technique).gif
http://en.wikipedia.org/wiki/Image:FISH_(technique).gif
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Nucleic acid diagnostic systems

 p olymera se  ch a in  rea ct ion  (PCR)

 a m p l i f y  s in g le  o r  few co p ies  o f  D NA  t o  m i l l io n s  o f  co p ies

 t h e  p res en ce  o f  t h e  a p p ro p r ia t e  a m p l i f ied  s i ze  f ra gm en t  

(p ro d u ct )  co n f i rm s  t h e  p res en ce  o f  t h e  t a rget

 s p ec i f i c  p r im ers  a re  ava i la b le  fo r  d et ect io n  o f  

b a ct er ia  ( E .  c o l i ,  M . t u b e r c u lo s i s ) ,  v i ru s es  (H IV ) ,  f u n g i

 ea r ly  d ia gn o s i s  o f  m a l ign a n t  d i s ea s es  ( leu kem ia )

Nucleic acid diagnostic systems

 p olymera se  ch a in  rea ct ion  (PCR)

 r e a l - t i me  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 olymera se  ch a in  rea ct ion  (PCR)

 r e ve r se  t ra n sc r i p t i o n  P C R  ( R T - P C R )

 r e a l - t i me  r e ve r se - t ra n sc r i p t i o n  P C R  ( q R T - P C R )

Nucleic acid diagnostic systems

 p olymera se  ch a in  rea ct ion  (PCR)

 i mmu n o q u a n t i t a t i ve r e a l - t i me  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  ava 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  fo 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 t e 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 - fo 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



8

Nucleic acid diagnostic systems

 p olymera se  ch a in  rea ct ion  (PCR)

 ra n d o m a mp l i f i e d  p o l ymo 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 ny  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  va r i e t y  o f  s i ze 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 mp 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 olymera se  ch a in  rea ct ion  (PCR)

 r e st r i c t i o n  f ra gme n t  l e n gt h  p o l ymo r p h i sm ( R F LP )

o m a ny  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 gn o st i c s  o f  s i c k l e  c e l l  a n e mi 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 ga 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 th 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 olymera se  ch a in  rea ct ion  (PCR)

 o l i go n u c l e o t i d e  l i ga t i o n  a ssay  ( P C R / O LA )

Nucleic acid diagnostic systems

 p olymera se ch a in rea ct ion (PCR )

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

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

o o n l y  l i ga t e d  fo r m s  a t t a c h  t o  t a r g e t  
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Nucleic acid diagnostic systems

 p olymera se  ch a in  rea ct ion  (PCR)

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

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 a l.  2005. Nucl.  Acids Res. 33: e70

Nucleic acid diagnostic systems

 DNA seq u en cin g

 m o s t  d i rect  m et h o d

 b eco m e ch ea p  a n d  fa s t ,  p u s h es  o t h er  m et h o d s  b a ck wa rd

 gen es ,  gen et ic  reg io n s  ( i .e .  gen e  c lu s t ers  o r  o p ero n s ) ,  

f u l l  ch ro m o s o m es  o r  en t i re  gen o m es

 E X A M P L E :  D i a gn o st i c  fo r  D u c h e n n e  mu sc u l a r  d yst r o 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 ay  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

 DNA seq u en cin g

 2 0 0 3  H u m a n  G en o m e P ro j ect  ( 1 3  ye a r s )

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

 2 0 1 6 gen o m e s eq u en c in g  ( 1 0  h o u r s )

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  fe m t o l i t e r ( 1 0 -1 5 l i t e r s )

 s u b fe 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  
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Personalized medicine

 medi ca l  pract i ce  and products  ta i lored  to  in d iv id u a l  p a t ien t

 ef fect ive  g enet i c ,  mol ecul ar  or  ce l l u l ar  d ia gn ost ics

 gen et ic  in forma t ion  has  major  ro l e  i n  personal i zed medi c i ne  

(e . g .  pharmacog enomi cs )

 mi ni atur i zat i on /  s i mpl e  handhel d  dev i ces

 medi ca l  d ia gn ost ics f rom hospi ta l /c l i n i cs  to  of f ice/h ome

Personalized medicine

 p h a rma cogen omics

 d es ign in g  t h e  m o s t  e f fect iv e  d ru g  t h era p y

b a s ed  o n  sp e c i f i c  ge n e t i c  p r o f i l e  o f  p a t ien t

 d i f feren t  d ru g  e f fect s  - gen et ic p o l ymo r p h i sms

Personalized medicine

 pharmacog enomi cs

 p erson a l ized  on co logy

 a n a ly ze  t u m o r  /  p a t ien t  p r o f i l e

 d e s i gn s p ec i f i c  t rea t m en t

Personalized medicine

 pharmacog enomi cs

 personal i zed oncol og y

 p re- imp la n ta t ion gen et ic d ia gn osis (PGD)

 7 0 0 0  gen et ic d es ea s es 4 0 0 0  k n o wn (M en d el ia n ia n h eret ige )
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Personalized medicine

 pharmacog enomi cs

 personal i zed oncol og y

 pre- i mpl antat i on g enet i c  d i ag nos i s  (PGD)

 gen e ed it in g

 D NA  i s  in s er t ed ,  rep la ced ,  o r  rem o v ed  f ro m  a  gen o m e

 a r t i f i c ia l l y  en g in eered  n u c lea s es

 ge n e  t h e ra p y  rep la ces  d efect iv e  gen e  a t  n a t u ra l  lo ca t io n


