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7. Medical Applications of Molecular 
Biotechnology

7. Medical Applications of Molecular 
Biotechnology

Bi7430 Molecular Biotechnology

� Def in i t ion of red biotechnology

� Areas of red biotech appl icat ions

� Molecular d iagnost ics

� immunolog ic a l  d iagnost i c  methods

� nuc le ic  ac id d iagnost i c  sys tems

� Pharmacogenomics

Outline

Red (medical) biotechnology

� b iotechno l ogy that  dea ls  spec i f i ca l l y  w i th  human health care and 
methods o f  treatment

� a im at  prophylaxis ,  accurate  diagnosis and ef fec t ive  treatment
� personal ised medicine - therapy ta i lo red based on pat ient  pro f i le  

ra ther  than the “one s i ze  f i t s  a l l ”  approach
� promising areas of  red b io tech app l i ca t ions:

� molecu l a r  d i agnos t i c s  and  gene t i c  t e s t i ng
� vacc ines ,  p ro te in  and  nuc l e i c  a c i d  the rapeu t i c s
� t i s sue  eng inee r i ng  and  regene ra t i v e  med i c i ne
� gene  the rapy and  the rapeu t i c a l  c l on ing
� d rug  de l i v e r y  and  nanomed i c i nes
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Clinical diagnostics

� success  o f  modern medic ine  depends on specif ic  detect ion of
� v i ruses
� bac te r i a
� f ung i
� p ro te ins
� nuc l e i c  a c i d s

� medica l  laborator y  methods cont r ibu te  to  80% of  diagnosis
� good detect ion method shou ld  have three characte r i s t i cs

� sens i t iv i t y  - ab i l i t y t o  de tec t  sma l l  amoun ts  o f  t a rge t  mo lecu l e
� spec i f i c i ty - pos i t i v e  r esu l t  f o r  the  t a rge t  mo lecu l e  on l y
� s impl ic i ty - ab i l i t y t o  run  e f f i c i en t l y, i nexpens i v e l y  on  a  rou t i ne  bas i s

� classical  methods
� cu l t i va t i on ,  m i c roscop i c  ana l y s i s ,  b i o chem i ca l  a ssays
� POSITIVES:  s imp le ,  d i r e c t  de tec t i on
� NEGATIVES:  s l ow,  l abo r i us ,  l ow  sens i t i v i t y,  h i gh  sk i l l  l e ve l  

r equ i r emen t ,  denge rous  du r i ng  cu l t i va t i on  i n f ec t i ous  o rgan i sms

� molecular  diagnosti cs  (past  20 years)
� immunolog ica l  and  nuc le ic  ac id d iagnost ic  sys tems
� POSITIVES:  fast ,  s imple ,  h igh  sens i t iv i ty ,  automatab l e ,  sa fe
� NEGATIVES:  no t  a lways  spec i f i c ,  poss i b l e  f a l se  poss i t i v e  

o r  nega t i ve  r esu l t s

Clinical diagnostics

Molecular diagnostics

IMMUNOLOGICAL METHODS
� sens i t ive ,  spec i f i c  and s imple
� based on antigen-antibody interact ions
� protein >> sugar  > nuc le ic  ac id
� wide range of  app l i ca t ions :

o analys is  o f  hormones ,  v i tamins ,  metabol i t es ,  d iagnost ic  markers
( e .g .,  i n su l i n ,  t e s tos te ron e ,  v i t am in  B12 ,  p ros tag l an d ins ,  g l ucoco r t i co i d s )

o drug moni tor ing  
( e .g .,  ba rb i tu ra tes ,  morph ine ,  d i gox in )

o detect ing  in fect ion
( e .g .,  Leg i one l l a ,  H IV,  hepa t i t i s  A ,  B )

o monitor  cancer
( e .g .,  a l pha - f e t o p ro t e in ,  ca r c i no - emb ry on i c  an t i gen )
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Molecular diagnostics

IMMUNOLOGICAL METHODS
� agglut inat ion

o b l o od  t y p i n g  t e s t  i n  b l o od  t ra n s f u s i o n  
( A BO  b l o o d - g r o u p  a n t i g e n s  h a v e  d i f f e r e n c e s  i n  t h e  s u g a r s  o n  g l y c o - p r o t e i n s )

Molecular diagnostics

IMMUNOLOGICAL METHODS
� agglut inat ion

o b l o od  t y p i n g  t e s t  i n  b l o od  t ra n s f u s i o n
( A BO  b l o o d - g r o u p  a n t i g e n s  h a v e  d i f f e r e n c e s  i n  t h e  s u g a r s  o n  g l y c o - p r o t e i n s )

o p r egnan c y  k i t
( a g g l u t i n a t i o n  i n h i b i t i o n  i n p r e s e n c e  o f  h uma n  c h o r i o n i c  g o n a d o t r o p i n , H CG ,
a  g l y c o p r o t e i n  h o rmo n e  p r o d u c e d  i n  p r e g n a n c y )

Molecular diagnostics

IMMUNOLOGICAL METHODS
� enzyme- l inked  immunosorben t  assay (EL ISA)

o en z yme  b a s ed  d e t e c t i o n  ( e . g .,  HRP,  β - g a l a c t o s i d a s e ,  a l k a l i n e  pho spha t a s e )
o f l o r e s c en c e  o r  c o l o r ime t r i c  b a s ed  d e t e c t i o n
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Molecular diagnostics

IMMUNOLOGICAL METHODS
� western  b lot t ing

o SDS-Page - s e pa ra t e s  t h e  c omponen t s  a c c o r d i n g  t o  t h e i r  mo l e c u l a r  we i g h t

Molecular diagnostics

IMMUNOLOGICAL METHODS
� western  b lot t ing

o SDS-Page - s e pa ra t e s  t h e  c omponen t s  a c c o r d i n g  t o  t h e i r  mo l e c u l a r  we i g h t
o B lo t :  t h e  p r o t e i n s  i n  t h e  g e l  a r e  t ra n s f e r r e d  t o  t h e  s hee t  o f  n i t r o c e l l u l o s e  o r  n y l o n

Molecular diagnostics

IMMUNOLOGICAL METHODS
� western  b lot t ing

o SDS-Page - s e pa ra t e s  t h e  c omponen t s  a c c o r d i n g  t o  t h e i r  mo l e c u l a r  we i g h t
o B lo t :  t h e  p r o t e i n s  i n  t h e  g e l  a r e  t ra n s f e r r e d  t o  t h e  s hee t  o f  n i t r o c e l l u l o s e  o r  n y l o n
o Immunoreac t i on :  a f t e r  b l o c k i n g ( BSA ) p r obed  w i t h  p r ima r y  a nd  s e c onda r y  a n t i b od y  
o Detec t i on :  ra d i o a c t i v e  o r  f l o r e s c en c e  l a b e l i n g ,  c h em i l um i n e s c en t ,  c o l o r ime t r i c
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Molecular diagnostics

IMMUNOLOGICAL METHODS
� immunoprec ip i ta t ion

immunop r e c i p i t a t e s  c o l l e c t e d  b y  magne t i c  b e ad s  c oup l e d  t o  a  s e c onda r y  a n t i b od y

Molecular diagnostics

IMMUNOLOGICAL METHODS
� immunof luore scence

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

o f l u o r e s c en c e  m i c r o s c op y

l a c r ima l g l a nd myoep i t h e l v i r u s  i n f e c t e d  c e l l s Ch l amydomona s

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� most  common object for tes t ing is DNA ,  in  some cases RNA
� areas of medica l app l i ca t ion s:

o prena ta l d i agnos t i c s :  n on - i n va s i v e  d e t e c t i o n  o f  f e t a l  d i s e a s e s
( e . g .,  Down  s y nd r ome ,  c y s t i c  f i b r o s i s )

o gene t i c  t e s t i ng :  h i g h t h r oughpu t  t e s t i n g  f o r  g ene t i c  d i s o r d e r s  
( e . g .,  SNP s  ma r k e r s ,  i n s e r t i o n s ,  d e l e t i o n s )

o i n f e c t i ous d i seases :  p a t h ogen i d en t i f i c a t i o n  a nd  d e t e c t i o n o f d r ug r e s i s t an c e
( e . g .  H IV,  HBV,  HCV )

o onco logy :  e a r l y d i a gno s i s  o f  c a n c e r
( e . g .,  c i r c u l a t i n g  t umo r  DNA ,  ra t i n ob l a s t oma gene )

o t r ansp l an ta t i on med i c i ne :  n on - i n va s i v e ,  e a r l y  d e t e c t i o n  o f  o r g an  r e j e c t i o n
( e . g .,  u r i n e t e s t i n g  f o r  k i d n e y r e j e c t i o n ,  h uman l e u k oc y t e  a n t i g en  t y p i n g )

o pharmacogenomics :  i n f l u en c e  o f  g ene t i c  va r i a t i o n  o n  d r ug  r e s p on s e

� DNA  t yp ing :  f i n g e r p r i n t o f g eno t y p i c  t ra i t s ( p a t e r n i t y,  c r ime su spec t s ,  a n c e s t r y )
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Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA hybr id iz at ion

o probe  wh i c h  a nnea l s t o  t h e  t a r g e t  n u c l e i c  a c i d
o bac te r i a l  and  v i r a l  pa thogens  c on t a i n  s p e c i f i c  g ene ( s )
o gene t i c  d i seases  c au s ed  b y mu t a t i o n  o r  a b s en c e  o f  p a r t i c u l a r  g ene ( s )

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA hybr id iz at ion

o conven t i ona l  me thod  
1 . a t t a c h  t h e  t a r g e t  D N A  t o  a  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  t h e  p r o b e  a n d  t a r g e t
3 . a d d  t h e  d e n a t u r e d  p r o b e , a n n e a l i n g  t o  t a r g e t
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 emo l um i n i s c e n c e ,  f l u o r e s c e n c e )

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA hybr id iz at ion

o conven t i ona l  me thod
o TaqMan  P robes  - h yd r o l y s i s  b y  Taq  p o l yme ra s e

Taq
Donor dye 
(Reporter) Acceptor dye 

(Quencher)

Taq

Light Emission
Light
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Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA hybr id iz at ion

o conven t i ona l  me thod
o TaqMan  P robes  - hyd r o l y s i s  b y  Taq  p o l yme ra s e
o molecu la r  beacons  - ha i r p i n  DNA  w i t h  i n t e r n a l l y  q uen ched  f l u o r opho r e

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA hybr id iz at ion

o conven t i ona l method
o TaqMan Probes - hyd r o l y s i s b y  Taq po l yme ra s e
o molecu la r beacons - ha i r p i n  DNA  w i t h  i n t e r n a l l y  q uen ched  f l u o r opho r e

EXAMPLE :  d e t e c t i o n o f p a ra s i t e  P l a smod i um f a l c i p a r um
� mic r o s cop i c  o b s e r v a t i on s o f  b l o o d  sm e a r s i s l a b o u r i n t e n s i v e
� EL ISA d o e s  n o t  d i f f e r e n t i a t e  b e tw e e n  p a s t  a n d  p r e s e n t  i n f e c t i o n
� DNA  d i a gno s t i c  s y s t em  mea s u r e  o n l y  c u r r e n t  i n f e c t i o n

O t h e r e x amp l e s :  S a lmo n e l l a  t y p h i ( f o 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 r o e n t e r i t i s )

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA hybr id iz at ion

o f l uo rescence i n  s i t u  hybr id i sa t i on  ( F ISH)  
� n ew  t e c h n i q u e  f o r  ka r yo t yp i ng
� c h r omo s om e  abno rma l i t i e s ( s e gme 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 )
� aneup l o i d y ( a b n o rma l  n umb e r  o f  c h r omo s om e s )

n o rm a l  f em a l e n o rma l  m a l e

X
Y
1 6

1 3

1 4

n o rma l  1 3 ,  1 4 mon o s omy  1 4
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Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA hybr id iz at ion

o DNA  f i nge rp r i n t i ng  (DNA  Typ ing)
� i n h e r i t e d  min i s a t e l i t e  DNA ,

1 0 - 3 0  r e p e a t e s  o f  9 - 4 0  b p
� i d e n t i f i c a t i o n  o f  s p e c i e s ,  p a t e r n i t y ,  

s u s p e c t s  a n d  v i c t i m s  o f  c r i m e / d i s a s t e r s
� s ame  DNA  f i n g e r p r i n t  o n e  i n  1 0 5 - 1 0 8

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o amp l i f y  s i ng l e  o r  f ew  cop ie s  o f  DNA t o  m i l l i o n s  o f  c o p i e s
o t h e  p r e s en c e  o f  t h e  a pp r op r i a t e  amp l i f i e d  s i z e  f ra gmen t  

c on f i rm s  t h e  presence  o f  t he  t a rge t
o s p e c i f i c  p r ime r s  a r e  a va i l a b l e  f o r  t h e  de tec t i on  o f  

bac te r i a (E .  c o l i ,  M .  t u be r c u l o s i s ) ,  v i ru ses (H IV ) , f ung i
o ea r l y  d i a gno s i s  o f  mal ignan t  d i seases  ( l e u k em i a )

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o r ea l - t ime  PCR  (qPCR)
1 . 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 DNA
2 . s e q u e n c e - s p e c i f i c  DNA  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
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Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o r eve r se  t r ansc r i p t i on  PCR  (RT-PCR)
o r ea l - t ime  r eve r se - t r ansc r i p t i on  PCR  (qRT-PCR)

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o immunoquan t i t a t i ve  r ea l - t ime  PCR
� c omb 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 v e r c ome  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 mmun o l o g i c a l  m e t h o d s
� s e n s i t i v e  f o r  v e r y  l ow  b u t  s t i l l  d e n g e r o u s  l e v e l s  o f  p a t h o g e n i c  o r g a n i sm s

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase cha in react ion (PCR)

o r e s t r i c t i on f ragment  l eng th po l ymorph i sm (RFLP)
� man 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
� me t h o d  d e p e n d e n t  o n  mu 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 yme
� e v e n a s  m a n y  r e s t r i c t i o n  e n z yme s  k n own , s ome  mu t a t i o n  s i t e s  n o t  c o r r e s p o n d  t o  a n y

E X AMP L E :  d i a g n o s t i c s o f s i c l e c e l l  a n em i a

• a n em i a  a n d  d ama 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

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

• no rma l  DNA  s equen ce  CCTGAGG  (A )
• mutan t  DNA  s equen ce CCTGTGG  ( S )
• h omo z y g o u s  s t a t e  S S  t h e  r e d  b l o o d  c e l l s  

a r e  i r r e g u l a r l y  s h a p e d
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Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o o l i gonuc l eo t i de  l i ga t i on  a s say  (PCR/OLA)

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o PCR  us ing  f l o re scence - l abe l ed  p r imer s
� p r im e r  e n d s  a t  S N P  l o c u s
� m i sma t c h  g i v e s  n o  P CR  p r o d u c t

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o Pad lock  p robes
� p r o b e  c omp l eme n t a r y  a t  e n d s  ( 3 ´ a n d  5 ´ )
� 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 n l y  l i g a t e d  f o rm s a t t a c h t o  t a r g e t  



11

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� polymerase  cha in  react ion  (PCR)

o r andom amp l i f i ed  po l ymorph i c  DNA  (RAPD)
� DNA  f i n g e r p r i n t i n g
� „ r a n d om “  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
� 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 em 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  am p l i f i e d  p r o d u c t s

avg 3 000 bp

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA sequenc ing

o mos t  d i r e c t  me t h od
o be c ome  c heap and  f a s t ,  p u s he s  o t h e r  me t h od s  b a c kwa r d
o gene s ,  g ene t i c  r e g i o n s  ( i . e .  g ene  c l u s t e r s  o r  o p e r on s ) ,  

f u l l  c h r omo somes  o r  e n t i r e  g enomes

EXAMPLE :  D i a gno s t i c  f o r  Du chenne  mu s cu l a r  d y s t r o ph y  (DMD)

- mu t a t e d  d i 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 k e d  r e c e s i v e ,  c a r r i e r  m o t h e r
- dy s t r oph i n  g ene 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 en  mosa i c

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

Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA sequenc ing

METHODS :
� Sange r s equen c i ng
� py r o s equen c i ng
� nex t gene r a t i on me thod s

( e . g . ,  4 5 4 ,  SMRT )

Nobe l  P r i c e i n  1 9 58 and  1 9 80
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Molecular diagnostics

NUCLEIC ACID DIAGNOSTIC SYSTEMS
� DNA sequenc ing
� genom sequenc ing

� Human Genom  P r o j e c t
( 1 0  y e a r s a n d  3  b i l l i o n U SD )

� J amese  Wa t s on  g enom
( 2 0 0 8 ,  s e v e r a l m o n t h )

� A r chon X  P r i z e
( 1 0 0  g e n om s / 1 0  d a y s ,  1 0  0 0 0  U SD / g e n om )

Pharmacogenomics
CUSTOMIZED MEDICINE

� de s i g n i n g t h e  mo s t  e f f e c t i v e  d r ug  t h e rap y  a nd  t r e a tmen t  s t ra t e g i e s  
b a s ed  o n  t h e  s p e c i f i c  gene t i c  p ro f i l e  o f  a  pa t i en t

� i n d i v i d u a l s r e a c t  d i f f e r e n t l y  t o  t h e  s ame  d r ug s e f f e c t s  o f  g ene t i c  p o l ymo rph i sms


