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2. Introduction to Molecular 

Biotechnology



Outline

 D e f i n i t i o n  o f  b i o t e c h n o l o g y

 H i s t o r y  o f  b i o t e c h n o l o g y

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

 B a s i c  c o n c e p t  o f  r D N A  t e c h n o l o g y

 M e t h o d s  o f  g e n e  t r a n s f e r

 M a i n  f i e l d s  o f  b i o t e c h  a p p l i c a t i o n s

 R i s k s  a n d  p o s i t i v e s



Definition of biotechnology

 b io technology ( „ b iote ch ")  

b io s – te chne  – logos

 Kal r Ere ky,  1917  – „ b iote ch n o log y is a  p roce s s  by  wh ich  raw 

m ate r ia l s  cou ld  b e  b io log ica l ly  u p g ra d e d  into  s oc ia l ly  u s ef u l  

p rod u cts“

 „ a ny te ch n o log ica l  ap p l i cat ion  th at  u s e s  b io log ica l  syste ms,  l i v in g  

orga n is m s,  or  d e r ivat ive s  th e re of,  to  m a ke  or  m od i f y  p rod u cts  or  

p roce s s e s  for  s p e c i f i c  u s e “  

(Th e  Un i te d  Nat ion s  Conve nt ion  on  B io log ica l  D ive rs i ty,  1992 )



History of biotechnology

 a  stor y  th at  b e gan  lon g  t ime  ago

 10,000  B .C .   n e o l i t i c revo lu t ion

c u l t ivat ion an d  d omest icat ions

 8,000  B .C . fe rme nted b re ad

(an c ie nt  Eg ypt )

 8,000  B .C . c h eese  makin g

( th e Mid d le East )

 6,000 B .C . w in e p ro duct ion

(Eg ypt  an d  th e Mid d le East )

 5,000 B .C . b rew ing

(an c ie nt  Eg ypt )

 d eve lop e d with ou t any kn owle d ge ab ou t

ex iste n ce  o f ce l l s ,  e n zyme s ,  ge n e s



History of biotechnology



Traditional biotechnology 

 1970s b iote ch n o log y  re cog n ize d as  sc ient i f i c d i sc ip l ine

( inte r l in k of ch e mica l e n g in e e r in g ,  microb io log y n ad  b ioch e mist r y )

 t rad i t ion a l b iote ch n o log y  b ased o n  fe rme ntat ion

 d eve lop me nt focu s e d on  p ro cess te c h nology

(b iore actor d e s ig n ,  u pst re am ,  d own stre am )



Traditional biotechnology 

 1970s b iote ch n o log y  re cog n ize d as  sc ient i f i c d i sc ip l ine

( inte r l in k of ch e mica l e n g in e e r in g ,  microb io log y n ad  b ioch e mist r y )

 t rad i t ion a l b iote ch n o log y  b ased o n  fe rme ntat ion

 d eve lop me nt focu s e d on  p ro cess te c h nology

(b iore actor d e s ig n ,  u pst re am ,  d own stre am )

 biotransformation component

 n a t u ra l  s t ra i n s  - fa r  f ro m  o p t i m u m

 d i f f i c u l t  t o  o p t i m i s e

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

( c h e m i c a l  m u t a g e n s ,  U V  ra d i a t i o n )

 l i m i t e d  b y  i n h e r i t e d  p ro p e r t i e s  

o f  t h e  s t ra i n

Available strain

Available strain

Adopted strain



Revolution in biotechnology

 1973 Stan ley Coh e n an d  He rb e rt  B oye r

d eve lop me nt of re co mbinant D NA te c h nology

g e n e t i c e n g i n e e r i n g

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

t o  c r e a t e ,  r a t h e r t h a n

m e r e l y i s o l a t e ,  h i g h l y

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



Molecular biotechnology

 1976 He rb e rt  B oye r an d  Rob e rt  Swan s on

 1978 p rod u ct ion of h u man insul in  in  E.  co l i by  G e n e nte c

( re comb in ant "h u man "  in s u l in  ap p rove d  by  FDA 1982 )

 198 1 p rod u ct ion of re co mbinant gro w th h o rmone

 198 7 p rod u ct ion of re co mbinant  t i s sue  p lasminogen ac t ivator

u s e d  to  d i s s o lve  b lood  c lots d u r in g myocard ia l in farct ion

 1980- 83 about 200  smal l b iotechnologica l comp anies founde d in  US



Molecular biotechnology

 1974 Ru d ol f  Jae n is ch - f i rst t ran s genic mammal (a  mou s e )

 1982 f i rst re comb in ant an imal  vacc in e ap p rove d

 1983 e n g in e e re d T i  p las mid – p lant  t ran sformat ion

 1988 Kar y  Mu l l i s - P CR meth od (No b e l  P r i ze in  1993 )

 1994 f i rst ge n et ica l ly e n g ineered fo o d  ap rove d by  FDA ( tomato )

A N I M A L S  B E C A M E  TA R G E T S  T O  A C T  A S  N AT U R A L  B I O R E A C T O R S  A N I M A L S  A N D  P L A N T S  A C T  A S  N AT U R A L  B I O R E A C T O R S  



Molecular biotechnology

 1995 f i rst ge n ome s e que nce d (bacte r ium Hae mophi lus in f lue nzae )

 1996 comp lete e u karyot ic D NA se q uence

 1996 comme rc ia l p lant ing of G MO c rops beg ins

 1997 I a n  Wi lm u t – n u c lear c lo ning o f a  m am m al

 1998 f i rst ant i sense d ru g ap p rove d by  FDA 

 1999 D r osophi l ia ge n ome s e q u e n ce d

 2000 Ar abidops i s ge n ome s e q u e n ce d

 2000 d eve lop me nt of „ go lden r ic e “

 2001 h u man ge n ome s e q u e n ce d

 2009 f i rst d ru g produce d in  ge net ica l ly e n g in e e re d an imal  

(a  goat )



Molecular biotechnology

 c lass ica l b io technology  b a se d on  s e le ct ive b re e d in g

 mo lecular b io technology  (mod e rn ;  „ mol  b iote ch“ )  

revo lu t ion ar y  s c ie nt i f i c  d i s c ip l in e  b as e d  on  

meth od s of ge n e  man ip u lat ion ( Le cture 3)

 the  ab i l i ty  to t ransfe r  s pe c i f i c  un i t s  o f  ge net ic  in format ion  f rom 

on e organ is m to  an oth e r

 re co mbinant D NA te c hnology ( rDNA )

 ge n et ic e n g ineer ing

e n ab le cre ate rath e r th e n is o late

h ig h ly p rod u ct ive organ is ms



Concept of rDNA technology

 i so late ge n e (s )  o f inte re st

 mo d if y ge n e (s )

 p r o t e i n  e n g i n e e r i n g ( L e c t u r e 4 )

 l i gate ge n e (s )  into a  ve ctor

 t ran sform h ost  organ is m

 se lec t t ran sforme d  ce l l s

 c u l ture h ost  organ is m

 ap p l i cat ion of  ge n e  p rod u ct



Techniques of DNA transfer

 t ran sformat ion an d  t ran sfec t ion

 d i re ct  methods

 e le ct rop orat ion (2 . 5  kV,  5  ms )

 ch e mica l t ran sformat ion (CaC l 2)

 he at s hock (42°C)

 m icro - in je ct ion

 b io l i s t i c d e l ive r y - „ ge n e g u n“

 l ip os omal t ran sfect ion

 in d irect methods

 t ran s d u ct ion (b acte r iop h age )

 v i ra l an d  b acte r ia l ve ctors



Mol. biotech applications

 w h ite - in d u st r ia l b iote ch n o log y  ( Le c tur e 8 )

 p ro d u c t i o n o f f i n e  c h e m i c a l s

 p ro d u c t i o n o f p ro t e i n s /e n z y m e s

 gre e n - ag r icu l tu ra l b iote ch n o log y  (Le c tur e 9 )

 t ra n s g e n i c p l a n t s a n d  a n i m a l s

 b i o fe r t i l i ze rs a n d  b i o p e s t i c i d e s

 re d - me d ica l b iote ch n o log y  (Le c tur e 10 - 11 )

 d e v e l o p i n g n e w va c c i n e s a n d  d r u g s

 t i s s u e e n g i n e e r i n g a n d  re g e n e ra t i v e t h e ra p i e s

 m o l e c u l a r d i a g n o st i c s a n d  p h a r m a c o g e n o m i c s

 c e l l  a n d  g e n e  t h e ra p y

 grey - e nv i ron me nta l b iote ch n o log y  (Le c tur e 12 )

 b i o s e n s i n g  a n d  b i o re m e d i a t i o n



Pros and cons

 safety an d  eth ica l co n cerns o f mo lecular b io technology

 d o  w e  h a v e  a  r i g h t  t o  m o v e  g e n e s ,  c re a t i n g  n e w  l i fe  fo r m s , „ p l a y i n g  G o d “ ?

 w i l l t ra n s g e n i c o rg a n i s m s b e h a r m f u l l t o  o t h e r o rg a n i s m o r e nv i ro n m e n t ?

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

 p o s i t ive  asp ects o f mo le cular b io technology

 o p p o r t u n i t i e s t o  a c c u ra t e l l y d i a g n o s e ,  p re v e n t a n d  c u re a  w i d e ra n g e o f

i n fe c t i o u s a n d  g e n e t i c d i s e a s e s

 i n c re a s e c ro p y i e l d a n d  re s i s t e n c e  t o  i n s e c t s a n d  d i s e a s e s ,  e nv i ro n m e n t a l

s t re s s  ( e . g . ,  d ro u g h t ,  h e a t ,  c o l d )

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

 fa c i l i t a t e re m o va l o f p o l l u t a n t s a n d  w a s t e m a t e r i a l s f ro m e nv i ro n m e n t


