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� Def in i t ion of b iotechnology

� History of b iotechnology

� Fundamentals of  molecular b iotechnology

� Basic concept of rDNA technology

� Methods of gene transfer

� Main f ie lds of b iotech appl icat ions

� Concerns and consequences

Outline

� biotechnology ( „b io tech" )  
b ios  – techne – logos

� Kalr  Ereky,  1917 – „b iotechno l ogy is a  process  by 
which raw mater ia l s  cou ld  be b io log ica l l y  upgraded in to  
soc ia l l y  usefu l  product s“

Definition of biotechnology

� „any techno l og i ca l  app l i ca t ion that  uses  b io log ica l  sys tems,  l i v ing 
organ isms,  or  der ivat ives  thereof,  to  make or  modi fy  produc ts  or  
processes  for  spec i f i c  use“  
(The Un i ted Nat ions  Convent ion on B io log ica l  D ivers i ty,  1992 )
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� a s tory  that  began long t ime ago
� 10,000 B.C. neo l i t i c  revo lut ion 

cult ivat ion and domesti ca t ions
� 8,000 B.C. fermented bread

(anc ient  Egypt)
� 8,000 B.C. cheese making 

( the  M idd l e  Eas t )

� 6,000 B.C. wine production 
(Egyp t  and  the  M idd l e  Eas t )

� 5,000 B.C. brewing
( anc i en t  Egyp t )

� deve lo pe d  w i thou t  any  know le d g e  abou t  
ex i s t ence  o f  ce l l s  o r  enzymes

History of biotechnology

� 1665 Rober t  Hooke - term the cel l
� 1675 Anton Van Leeuwenhoek - the fa the r  o f  microbio logy
� 1839 Matth ias  Sch le iden, Theodore Schwann and Rudo l f  V i rchow

- the cel l  theory

History of biotechnology

� 1822-95 Lou is  Pasteur  – germ theory,  pasteuri sa t ion ,  vaccines
� 1859 Char les  Darwin - evolut ionary theory
� 1866 Gregor  Johann Mende l - laws of  inheritance
� 1869 Johann Miesche r  - discovery of  DNA
� 1900 red iscovery  o f  Mende l i sm

History of biotechnology
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� 1902 Wal ter  Sut ton - chromosome theory of  hered i ty
� 1910 Thomas Morgan - genes are  car r ied on chromosomes,

bas is  o f  modern genet i c s (Nobe l  P r i z e  i n  1933)

� 1928 Alexander  F leming - discovery of  penici l l in
(Nobe l  P r i z e  i n  1945)

� 1928 Freder i ck  Gr i f f i th - bacter ia l  transformation

History of biotechnology

� 1944 Oswald  Avery  – DNA the genetic  carr ie r
� 1953 James Watson nad Franc is  Cr i ck ,  Maur ice  Wi lk ins and 

Rosa l ind Frank l in  – structure of  DNA 
(Nobe l  P r i z e  i n  1962)

� 1967 Hargob ind Khorana ,  Marsha l  N i renberg,  Rober t  Hol ley  
nuc leot ide s  car ry  the geneti c  code
(Nobe l  P r i z e  i n  1968)

History of biotechnology

� 1970s b iotechno l ogy recogn ized as scienti f i c  discipl ine
( i n t e r l i n k  o f  chem ica l  eng inee r i n g ,  m i c rob i o l o g y  nad  b i ochem is t r y )

� tradit ional  biotechnology – based on fermen ta t ion
� deve lopment  focused on process technology

(b i o rea c t o r  des i gn ,  ups t r eam,  downs t re am )

History of biotechnology
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� 1970s b iotechno l ogy recogn ized as scienti f i c  discipl ine
( i n t e r l i n k  o f  chem ica l  eng inee r i n g ,  m i c rob i o l o g y  nad  b i ochem is t r y )

� tradit ional  biotechnology – based on fermen ta t ion
� deve lopment  focused on process technology 

(b i o rea c t o r  des i gn ,  ups t r eam,  downs t re am )

� biotransformation component
� na tu ra l  s t ra i ns  - f a r  f r om op t imum
� d i f i cu l t  t o  op t im i s e
� i nduced  mutagenes i s  and  se l e c t i on

( chem ica l  mu tagens ,  UV  rad i a t i on )
� l im i t e d  by  i nhe r i t e d  p rope r t i e s  

o f  the  s t ra i n

History of biotechnology

MOLECULAR BIOTECHNOLOGY REVOLUTION

� 1973 Stan ley  Kohen and Herber t  Boyer  - deve lopmen t  o f  
recombinant DNA technology

History of biotechnology

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 REVOLUTION

� 1973 Stan ley  Kohen and Herber t  Boyer  - deve lopmen t  o f  
recombinant DNA technology

� 1976 Herber t  Boyer  and Rober t  Swanson - Genentech
� 1978 product ion o f  human insul in i n  E.  co l i by Genente c

( r e comb in an t  "human"  i n su l i n  app rov ed  by  FDA 1982)

� 1981 product ion o f  recombinan t  growth hormone
� 1987 product ion o f  recombinan t  t issue plasminogen activa tor

used to  d isso lve  b lood c lo ts dur ing myocard ia l  in farc t i on
� 1980-83 about  200 smal l  b io techno log i ca l  companies  founded in  US
� commerc i a l i z a t i on  o f  mo lecu l a r  b i o t e chno lo g y  (Lecture  11 )

History of biotechnology
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History of biotechnology

MOLECULAR BIOTECHNOLOGY REVOLUTION

� 1974 Rudo l f  Jaen isch - f i rst  transgenic  mammal (a  mouse)

� 1975 Georges Köh ler  and César  Mi l s te in  - product i on of
monoclonal  antibodies (Nobe l  P r i z e  i n  1984)

� 1981 f i rs t  monoc lona l  ant ibody-based diagnosti c  kit  approved
� 1982 f i rs t  recombinant animal  vaccine approved
� 1983 eng ineered T i  p lasmid – plant  transformation
� 1988 Kary  Mul l i s  - PCR method (Nobe l  P r i z e  i n  1993)
� 1994 f i rs t  genetical l y  engineered food aproved 

by FDA (FLAVR SAVR tomato)

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

History of biotechnology

MOLECULAR BIOTECHNOLOGY REVOLUTION

� 1995 f i rst  genome sequenced (bacte r i um Haemophi lus  in f luenzae )
� 1996 complete  eukaryoti c  DNA sequence
� 1996 commerc i a l  p lant ing o f  GMO crops beg ins
� 1997 Ian Wi lmut  – nuclear  c loning of  a  mammal
� 1998 f i rs t  antisense drug approved by FDA 
� 1999 Drosoph i l ia genome sequenced
� 2000 Arab idops i s genome sequenced
� 2000 deve lopment  o f  „golden r ice“
� 2001 human genome sequenced
� 2009 f i rs t  drug produced in  genet i c a l ly  eng ineered an imal  (a  goat)

Molecular biotechnology

� classical  biotechnology based on se lec t ive  breed ing
� molecular  (modern )  biotechnology ( „mol  b io tech“)  

i s  revo lut iona r y  sc ient i f i c  d isc ip l ine  based on gene manipula t ion
� the  ab i l i ty  to t rans fer  spec i f i c  un i ts  o f  genet i c  in forma t ion f rom 

one organ ism to  another
� recombinant DNA (rDNA) technology
� modern geneti c  engineering 

enab le  c reate  ra ther  then i so la te  
h igh ly  product iv e  s t ra ins
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Basic concept of rDNA technology

� isolate gene(s)  o f  in teres t

� modify gene(s)

� p ro te in  eng inee r i ng  (Lecture  3)

� metabo l i c  eng inee r i n g  (Lecture  4-5)

� l igate gene(s)  in to  a  vector

� transform host  organ ism

� select t rans formed ce l l s

� culture host  organ ism

� appl ica t ion of gene produc t

Techniques of DNA transfer

� transformation and transfec t ion

� direct  methods 
� e lect ropora t i on  (2 .5  kV,  5  ms)
� chemica l  t rans fo rma t i on (CaC l 2)
� hea t  shock  ( 4 2 C)

� micro- in ject ion
� bio l i s t i c de l i v e r y  - „gene  gun“
� l iposomal t rans fec t i on

� indirect  methods
� t ransduct ion (bac te r i o ph a g e)
� v i ra l  and  bac te r i a l  „ in fect ion “

Molecular biotechnology

MO L E C U LA R  B I OT E C HNO LOG Y

m i c r o b i o l o g y ( b i o ) c h e m i s t r y

g e n e t i c s

e n g i n e e r i n g

i mm u n o l o g y m o l .  b i o l o g yc e l l  b i o l o g y

m e t a b o l i c  e n g i n e e r i n g

C R O P S D R U G S V A C C I N E S D I A G N O S T I C S L I V E S T O C K

p r o t e i n  e n g i n e e r i n g
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Main fields of application

� white - indust r ia l  b io techno logy (Lecture  6)
� p r odu c t i o n  o f  f i n e  c h em i c a l s
� p r odu c t i o n  o f  p r o t e i n s / e n z yme s

� red - med ica l  b io techno l ogy (Lecture  7-8)
� deve l o p i n g  n ew  va c c i n e s  a nd   
� t i s s u e  e ng i n e e r i n g  a nd  r e gene ra t i v e  t h e rap i e s
� mo l e cu l a r  d i a gno s t i c s  a nd  pha rmacogenom i c s
� c e l l  a nd  g ene  t h e rap y

� green - agr i cu l t ura l  b io techno logy (Lecture  9)
� t ra n s gen i c  p l a n t s  a nd  a n ima l s
� b i o f e r t i l i z e r s  a nd  b i o p e s t i c i d e s

� grey - env i ronmen ta l  b io techno l ogy (Lecture  10)
� b i o s en s i n g  a nd  b i o r emed i a t i o n

� blue - mar ine and aquat i c

Concerns and consequences

� posit ive aspects  of  molecu la r  b io techno logy
� oppo r tun i t i e s  t o  accu ra t e l l y  diagnose,  prevent  and  cure  a  w ide  range  o f  

i n f ec t i ous  and  gene t i c  diseases
� increase  crop  y ie ld  and  res is tence  t o  i n sec t s  and  d i seases ,  env i r onmen t a l  

s t r e ss  ( e .g .,  d rough t ,  hea t ,  co l d )
� deve lo p  l i v es t oc k  and  o the r  an ima l s  w i th  gene t i c a l l y  enhanced  a t t r i bu t es
� deve lo p  m i c roo r g an i sms  tha t  produce  chemica ls  in  susta inab l e  manner
� f a c i l i t a t e  removal  o f  po l lutan ts  and  waste  mate r i a l s  f r om env i r onment

� safety and ethical  concerns of  molecu l ar  b io techno l ogy
� Wi l l  t ransgen i c  o rgan i sms  be  ha rmfu l l  t o  o the r  o rgan i sm o r  env i r onment?
� Shou ld  humans  be  gene t i c a l l y  eng inee r e d?
� Who w i l l  have  access  t o  an  i nd i v i du a l ' s  gene t i c  i n f o rma t i on?
� Do we  have  a  r i gh t  t o  move  genes ,  c r ea t i n g  new l i f e  f o rms . . . „p l ay in g  God“?


