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Bi7430 Molecular Biotechnology

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 iotech n ology ( „b i otech")  

b i o s – tech n e  – l o g o s

 Ka lr Ereky,  1917 – „bi otechnol og y i s a  process  by  whi ch  raw 

mater i a l s  coul d  be  b i o l og i ca l l y  upg raded i nto  soci a l l y  usefu l  

products“

 „any technol og i ca l  appl i cat i on that  uses  b i o l og i ca l  systems,  l i v i ng  

organi sms,  or  der i vat i ves  thereof,  to  make  or  modi fy  products  or  

processes  for  speci f i c  use “  

(The  U ni ted N at i ons  C onvent i on on B i o l og i ca l  Di vers i ty ,  1992)

History of biotechnology

 a  story  that  began l ong  t i me ag o

 10,000 B .C .   neol i t i c revol ut i on

cu lt iva t ion a n d  d omest ica t ion s

 8,000 B .C . fermen ted b rea d

(anci ent  Eg ypt )

 8,000 B .C . ch eese ma kin g

( the Mi ddl e East)

 6,000 B.C . win e p rod u ct ion

(Eg ypt  and the Mi ddl e East)

 5,000 B.C . b rewin g

(anci ent  Eg ypt )

 deve l oped wi thout any knowl edg e about

ex i stence  of ce l l s ,  enzymes ,  g enes
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History of biotechnology Traditional biotechnology 

 1970s bi otechnol og y  recog ni zed as  sc ien t i f ic d isc ip l in e

( i nter l i nk of chemi ca l eng i neer i ng ,  mi crobi o l og y nad b i ochemi stry )

 tradi t i ona l b i otechnol og y  b a sed o n  fermen ta t ion

 deve l opment focused on p rocess tech n ology

(b i oreactor des i g n,  upstream , downstream )

Traditional biotechnology 

 1970s bi otechnol og y  recog ni zed as  sc ien t i f ic d isc ip l in e

( i nter l i nk of chemi ca l eng i neer i ng ,  mi crobi o l og y nad b i ochemi stry )

 tradi t i ona l b i otechnol og y  b a sed o n  fermen ta t ion

 deve l opment focused on p rocess tech n ology

(b i oreactor des i g n,  upstream , downstream )

 biotransformation component

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

 d i f f i cu l t  t o  o p t im is e

 in d u ced  m u t a gen es i s  a n d  s e lect io n

(ch em ica l  m u t a gen s ,  UV  ra d ia t io n )

 l im i t ed  b y  in h er i t ed  p ro p ert ies  

o f  t h e  s t ra in

Available strain

Available strain

Adopted strain

Revolution in biotechnology

 1973 Stanl ey C ohen and H erbert  Boyer

deve l opment of recomb in a n t DNA tech n ology

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
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Molecular biotechnology

 1976 H erbert  Boyer and Robert  Swanson

 1978 product i on of h u ma n in su l in  in  E.  col i by  Genentec

( recombi nant "human" i nsu l i n  approved by  FDA 1982)

 1981 product i on of recomb in a n t growth  h ormon e

 1987 product i on of recomb in a n t  t issu e p la smin ogen a ct iva tor

used to  d i ssol ve  b l ood c l ots dur i ng myocardi a l i nfarct i on

 1980-83 about 200 sma l l b iotech n olog ica l comp a n ies founded i n  U S

Molecular biotechnology

 1974 Rudol f  J aeni sch - f i rst t ra n sgen ic ma mma l (a  mouse )

 1982 f i rst recombi nant ani mal  vacci ne approved

 1983 eng i neered Ti  p l asmi d – p la n t  t ra n sforma t ion

 1988 Kary  Mul l i s - PCR meth od (Nob el  Pr ize in  1993 )

 1994 f i rst gen et ica l ly en g in eered food  aproved 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 gen ome sequenced (bacter i um H a emo p h i l u s i n f l u en za e )

 1996 compl ete eu ka ryot ic DNA seq u en ce

 1996 commerci a l p l ant i ng of GMO crop s b eg in s

 1997 I an Wi l mut – n u clea r c lon in g o f a  ma mma l

 1998 f i rst a n t isen se d ru g approved by  FDA  

 1999 Drosophi l ia gen ome sequenced

 2000 Arabidops is gen ome sequenced

 2000 deve l opment of „go ld en rice“

 2001 h u ma n gen ome sequenced

 2009 f i rst d ru g produced i n  g enet i ca l l y eng i neered ani mal  

(a  g oat)

Molecular biotechnology

 c la ss ica l b iotech n ology  based on se l ect i ve breedi ng

 molecu la r b iotech n ology  (modern;  „mol  b i otech“)  

revol ut i onary  sc i ent i f i c  d i sc i p l i ne  based on 

methods of g ene  mani pul at i on ( Lectu re 3)

 the  abi l i ty  to transfer  speci f i c  uni ts  of  g enet i c  i nformati on f rom 

one organi sm to  another

 recomb in a n t DNA tech n ology ( rDN A )

 gen et ic en g in eer in g

enabl e create rather then i sol ate

hi g hl y product i ve organi sms
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Concept of rDNA technology

 i so la te g ene(s )  of i nterest

 mod if y g ene(s )

 p r o t e in  e n g in e e r in g (Le c t u re 4 )

 l iga te g ene(s )  i nto a  vector

 t ra n sform host  organi sm

 se lect transformed ce l l s

 cu ltu re host  organi sm

 a p p l ica t ion of  g ene  product

Techniques of DNA transfer

 t ra n sforma t ion and t ra n sfect ion

 d irect  meth od s

 e l ectroporat i on (2. 5  kV,  5  ms)

 chemi ca l transformati on (C aC l 2)

 heat shock (42°C )

 m i cro- i n ject i on

 bi ol i st i c de l i very - „g ene g un“

 l i posomal transfect i on

 in d irect meth od s

 transduct i on (bacter i ophag e )

 v i ra l and bacter i a l vectors

Mol. biotech applications

 wh ite - i ndustr i a l b i otechnol og y  ( Le cture 8 )

 p ro d u ct io n o f f in e  ch em ica l s

 p ro d u ct io n o f p ro t e in s /en z y m es

 green - ag r i cu l tura l b i otechnol og y  (Le cture 9 )

 t ra n s gen ic p la n t s a n d  a n im a ls

 b io fer t i l i zers a n d  b io p es t i c id es

 red - medi ca l b i otechnol og y  (Le cture 10-11 )

 d ev e lo p in g n ew va cc in es a n d  d ru gs

 t i s s u e en g in eer in g a n d  regen era t iv e t h era p ies

 m o lecu la r d ia gn o s t ics a n d  p h a rm a co gen o m ics

 ce l l  a n d  gen e  t h era p y

 grey - env i ronmenta l b i otechnol og y  (Le cture 12 )

 b io s en s in g  a n d  b io rem ed ia t io n

Pros and cons

 sa fety a n d  eth ica l con cern s o f molecu la r b iotech n ology

 d o  we h av e  a  r igh t  t o  m o v e  gen es ,  c rea t in g  n ew l i fe  fo rm s , „ p lay in g  G o d “ ?

 wi l l t ra n s gen ic o rga n is m s b e h a rm f u l l t o  o t h er o rga n is m o r env i ro n m en t ?

 s h o u ld h u m a n s b e gen et ica l l y en g in eered ?

 p osit ive  a sp ects o f molecu la r b iotech n ology

 o p p o rt u n i t ies t o  a ccu ra t e l ly d ia gn o s e ,  p rev en t a n d  cu re a  wid e ra n ge o f

in fect io u s a n d  gen et ic d i s ea s es

 in c rea s e cro p y ie ld a n d  res i s t en ce  t o  in s ect s a n d  d i s ea s es ,  env i ro n m en t a l

s t res s  ( e .g . ,  d ro u gh t ,  h ea t ,  co ld )

 d ev e lo p m icro o rga n is m s t h a t p ro d u ce ch em ica ls in  s u s t a in a b le m a n n er

 fa c i l i t a t e rem o va l o f p o l lu t a n t s a n d  wa s t e m a t er ia l s f ro m env i ro n m en t


