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3. Protein Engineering3. Protein Engineering

Bi7430 Molecular Biotechnology

� Limitat ions of prote ins in biotech processes

� Def in i t ion and aim of prote in engineer ing

� Targeted propert ies of prote ins

� Approaches in prote in engineer ing

� Directed evolut ion

� Rational  design

Outline

Available protein

Available protein
Adopted protein

� main prob lem - ident i fy  or  des ign opt ima l  prote in  for  spec i f i c  process
� his tor ica l l y - adap t  p rocess
� future - adap t  p ro te in

Proteins in biotechnology
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� classical  screening
� sc reen ing  cu l tu re  co l l e c t i ons
� po l l u t e d  and  ex t r eme env i r onment

� environmenta l  gene l ibrar ies
� metagenom i c  DNA

� data-base mining
� genome sequenc in g  p ro j ec t s  
� mass i ve  sequenc in g  (Sa rgasso  sea  p ro j ec t )
� numerous  uncha rac te r i s e d  enzymes

� protein engineer ing

Proteins in biotechnology

� the  process  o f  construc t ing  novel  protein molecules by des ign 
f i r s t  pr inc ip les  or  a l te r ing ex is t ing s t ruc t ur e

� use o f  genet i c  man ipu la t ions  to  a l te r  the cod ing sequence o f  a  gene 
and thus  modify  the proper t ies  of  the protein

� aims and appl i ca t ions
� technolog ica l - op t im i sa t i on  o f  the  p ro te in  t o  be  su i t ab l e  i n  pa r t i cu l a r  

t e chno logy  pu rpose
� sc ient i f i c  - des i r e  t o  unde r s t and  wha t  e l emen ts  o f  p ro te ins  con t r i bu t e  

t o  f o l d i ng ,  s t ab i l i t y  and  func t i on

Protein engineering

Targeted properties of proteins

� structura l  proper t ies  o f  prote ins
� s tab i l i t y  ( t empe ra tu r e ,  so l ven t s )
� t o l e ranc e  to  pH ,  sa l t
� r e s i s t ance  to  ox i da t i v e  s t r e ss

� funct iona l  proper t ies  o f  prote ins
� r eac t i on  t ype
� subs t ra t e  spec i f i c i t y  and  se l e c t i v i t y
� k ine t i c  p rope r t i e s  ( e .g .,  Km ,  k c a t ,  K i)
� co fac to r  se l e c t i v i t y
� p ro te in - p r o t e in  o r  p ro te in -DNA in te rac t i ons
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Approaches in protein engineering

Improved 
protein

Directed evolution

� d i rec ted evo lut ion techn i ques emerged dur ing mid-1990s

� inspired by natural  evolut ion

� th i s  form of  "evo lut ion "  does not  match what  Darwin had env is ioned
� r equ i r e s  outs ide  inte l l ig ence ,  no t  b l i nd  chance
� does  no t  c r ea te  b rand  new spec i e s  (mac roev o lu t i on )

on l y  improv ements  (molecu lar  evo lut ion )
� does  no t  t ake  m i l l i ons  o f  yea r s ,  bu t  happens  rap id ly

Principal of directed evolution

� evolut ion in test  tube compr ises  essent ia l l y  two s teps
� random mutagenes i s

mutan t  l i b r a r y  bu i l d i n g
� screening  and  se lect ion

i d en t i f i c a t i on  o f  des i r e d  b i oca t a l y s t

� prerequisi tes fo r  d i rec ted evo lut ion
� gene  encod in g  p ro te in  o f  i n t e res t
� method  to  c rea te  mutan t  l i b r a r y
� su i t ab l e  expess i on  sys tem
� sc reen ing  o r se l e c t i on  sys tem

Improved 
protein
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Methods to create mutant libraries

� techno logy to  genera te large d ivers i ty

� NON-RECOMBINING (one  pa ren t  gene  ->  va r i an t s  w i th  po in t  muta t i ons )

� RECOMBINING ( seve ra l  pa ren ta l  homo logous  genes  -> ch imeras )

Non-recombining mutagenesis

� UV irradiat ion or  chemical  mutagens ( t rad i t i ona l )
� mutator  strains - lacks  DNA repa i r  mechan ism

mutat ions  dur ing rep l i ca t ion (e .g .,  Ep icur ian co l i  XL1-Red)
� error-prone polymerase chain react ion (ep-PCR)

� gene  amp l i f i ed  i n  impe r f ec t  copy ing  p rocess  
(e .g .,  unba l ance d  deoxy r i bonuc l e o t i d es  concen t ra t i ons ,  
h i gh  Mg 2+ concen t ra t i on ,  Mn 2+ ,  l ow  annea l i n g  t empe ra tu r es )

� 1  to  20  muta t i on  pe r  1000  base  pa i r s
� saturat ion mutagenesis  

o random i z a t i on  o f  s i ng l e  o r  mu l t i p l e  codons  
� other methods

� gene  s i t e  sa tu ra t i on  mutagen es i s
� casse t t e  mutagenes i s  ( r eg i on  mutagen es i s )

Recombining mutagenesis

� a lso re fered to  as  „sexua l  mutagenes is“

� DNA shuff l ing
� f ragmen ta t i on  s t ep  
� random reassemb l y  o f  segments

� StEP - s taggered extens ion process
� s imp le r  then  shu f f l i ng
� random reannea l i n g  comb ine d  w i th  l im i t e d  p r ime r  ex tens i on

� other methods
shu f f l i ng  o f  genes  w i th  l owe r  homo log y  down to  70% 
(e .g .,  RACHITT,  ITCHY,  SCRATCHY)
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Screening and selection

� most  cr it ical  step of  d i rec t  evo lut ion
� i so la t ion o f  pos i t i ve  mutant s  h id ing in  l ib rary

� HIGH THROUGHPUT SCREENING 
i nd i v i du a l  a ssays  o f  va r i an t s  one  by  one

� DIRECT SELECTION 
d i sp l ay  t e chn iques  ( l i n k  be twe en  geno typ e  and  pheno typ e )

High throughput screening 

� common methods not  app l i cab le
� agar plate (pre)sc reening
� microt ite r  plates screening

� 96 - ,  384 - o r  1536 -we l l f o rma te
� robot  ass is tance

( co l ony  p i c ke r,  l i qu i d  hand l e r )
� 10 4 l i b r a r i e s
� vo lume 10  – 100  uL

� microf luidi c  systems
� wate r  i n  o i l  emu l s i ons  ( u p  t o  1 0  k H z )

� FACS sort ing  (1 0 8 e v e n t s / h o u r )

� 10 9 l i b r a r i e s
� vo lume 1  – 10  pL

Direct selection from mutant library

� not  genera l ly  app l i cab le  (mutan t   l ib rar ies  >10 6 var iants)
� l i nk  between genotype and phenotype
� display technologies

� phage  d i sp l a y
� r i bosome d i sp l a y

� l i fe-or-death assay
� auxo t roph i c  s t ra i n
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� directed evolut ion of  enantiose lec t iv i ty
� l i p ase  f r om P. ae rug inos a  (E -va lu e  improv e d  f rom 1 .1  i n to 51 )

� spectrophotomet r ic  screen ing  o f  (R ) - and  (S ) -n i t r o ph eny l  e s t e r s

� t he  bes t  mutan t  con ta ins  s i x  am ino  ac i d  subs t i t u t i ons

� 40 000 var iants  screened 

Example of Directed evolution

Approaches in protein engineering

Improved 
protein

Rational design

� emerged around 1980s as  the or ig ina l  prote in  eng inee r i ng approach

� combin ing theory (knowledge based )  and exper imen t

� prote in  eng inee r i ng cyc le:
„structure- theory-des ign-mutation-puri f i ca t ion-ana lysis“

� diff iculty  in  predic t ion of  mutat ion e f fec ts on prote in  proper t y



7

Principal of rational design

Improved 
protein

� rat ional design compr i ses:
� des ign

unde rs t and in g  o f  p ro te in  func t i ona l i t y
� exper imen t

cons t ruc t i on  and  t es t i ng  o f  mutan t s
� prerequisi tes fo r ra t iona l des ign:

� gene encod in g p ro te in o f i n t e res t
� 3D s t ruc tu re (e .g ., X- ray, NMR)
� unde rs t an d in g b e tween s t ru c tu r e an d

func t i on
� computa t i ona l me thods and capac i t y
� (mu l t i ) s i d e d i r e c t e d mu t ag en es i s

t e chn iques
� e f f i c i en t exp ress i on sys tem
� b iochem i ca l t e s t s

Design

� HOMOLOGY  APPROACH
� homo logous  w i l d - t y p e  sequences a re  co l l e c t ed  and  compare d
� i d en t i f y i ng  am ino  ac i d  r e s i dues  r espons i b l e  f o r  d i f f e renc es
� reconstruct ion - t rans fe r  d i f f e ren ces  f r om one  enzyme to  ano the r
� new des ign  - comb ina t i on  o f  poss i t i v e  muta t i on  f rom a l l  pa ren ta l  

p ro te ins  i n  one  cons t ruc t ,  new p ro te in  be t t e r  than  a l l  pa ren t a l

Design

� STRUCTURE-BASED APPROACH
� pred ic t ion o f  enzyme func t i on  f rom s t ruc tu re  a l one  i s  cha l leng ing
� prote in  s t ructure (X- ray  c r y s t a l l o g ra phy,  NMR,  homo log y  mode l s )
� molecu lar  model l ing

o mo l e cu l a r  d o c k i n g  a nd  mo l e c u l a r  d ynam i c s
o s imu l a t i o n  o f  r e a c t i o n  t ra n s i t i o n  s t a t e s  
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Construction

� site-direc ted  mutagenes is
� i n t r oduc ing  po in t  muta t i ons
� Qu i ckChang e K i t (one  day  me thod)

� mult i  s i te-directed mutagenesis

� gene synthesis
� commerc i a l  se r v i c e
� codone  op t im i s a t i on

� rat ional  design of  prote in stabi l i t y
� s tab i l i t y  t o  h i gh  tempera tu re ,  extreme pH,  oxygen s t ress ,  proteases  e t c .

� stab i l i z ing  mutat ions  i n c rease  s t r eng th  o f  weak  i n t e rac t i ons

o s a l t  b r i d g e s  a nd  H - bond s  (E i j s i n k  e t  a l .,  B i o c h em .  J .  2 8 5 :  6 2 5 - 6 2 8 ,  1 9 9 2 )

o S - S  b ond s  (Ma t s umu ra  e t  a l .,  N a t u r e  3 4 2 :  2 9 1 - 2 9 3 ,  1 9 8 9 )

o add i t i o n  o f  p r o l i n e s  (Watanabe  e t  a l .,  E u r.  J .  B i o c h em .  2 2 6 :  2 7 7 - 2 8 3 ,  1 9 94 )

o l e s s  g l y c i n e s  (Ma rga r i t  e t  a l .,  P r o t e i n  E ng .  5 :  5 4 3 - 5 5 0 ,  1 9 9 2 )

o o l i g ome r i s a t i o n  (Da l hu s  e t  a l .,  J .  Mo l .  B i o l .  3 1 8 :  7 0 7 - 7 2 1 ,  2 0 0 2 )

Example of rational design 

Example of rational design 

� rat ional  design of  prote in stabi l i t y
� eng inee r i ng  prote in  to  res is t  bo i l ing  (Bu r g  e t  a l .,  PNAS  9 5 :  2 0 56 - 2 0 60 ,  1 9 9 8 )

o r educed  ro ta t i ona l  f r eedom – Th r 5 6A l a ,  G l y 5 8A l a ,  S e r 6 5P r o  a nd  A l a 9 6P r o  
o i n t roduc t i on  o f  d i su l f i de  b r i dge  - G l y 8C y s  +  A s n60Cy s
o improved  i n te rna l  hyd rogen  bond - A l a 4Th r  
o f i l l i ng  cav i t y - Ty r 6 3Phe

Half-lifes
(min.) 80°C 100°C

wild type 17.5 >0.5

8-fold mutant stable 170
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Approaches in protein engineering

Improved 
protein


