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� Def in i t ion of white biotechnology

� Enzymes and appl icat ions

� Sustainable development

� Enzyme sources

� Industr ia l  product ion of prote ins

� Enzyme and cel ls  immobi l isat ion

� Examples of b iocatalyt ic appl icat ions

Outline

White (industrial) biotechnology

� b iotechno l ogy incorpo ra ted in to  produc t ion processes  and product s  
that  involve chemical  react ions - biocata ly sis

� uses enzymes and micro-orga nisms to  make produc ts  and serv ices  
in  a  wide range of  indust r ia l  sec tors
� f i ne  chem ica l s and pha rmac eu t i c a l s
� mate r i a l s  and  po l ymers
� pape r,  pu lp and tex t i l e s
� f ood  and  f eed
� de te rgen t s

� sustainable and environme nt al l y- f r iendly i ndust ry
� using biomass ra ther  than t rad i t iona l  pet rochemi ca ls
� prov ide energy eff ic iency ,  inc reased product iv i ty and better

safety and environme nt al chara ct e r i s t i cs
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� natural  catalys ts  (b iocat a lys t )
� cata lyse  chemical  react ions i n  l i v ing sys tems

� ox ido reduc ta ses - o x i d a t i o n / r e du c t i o n
� t r ans fe ra ses - t ra n s f e r  o f  f u n c t i o n a l  g r o up s
� hydro l a ses – hyd r o l y t i c  c l e a vage
� l y a ses - c l e a vage  o f  C- C ,  C-N  and  C-O  b ond s
� i s omerases - ra c em i z a t i o n ,  e p ime r i z a t i o n
� l i ga ses - f o rma t i o n  o f  C- C ,  C-Nand  C-O  b ond s

Enzymes

Enzyme applications

c e l l u l as es
l i gn i n as e

l i pas es

r es t r i c t as es

D N A l i gas es

po l ym er as es

am y l as es

p r o t eas es

c e l l u l as es

ph y t as es

l i pas es

ph os ph a t as es

per oxi d as es

l i pas es

n i t r i l as es

pep t i das es

am i das es

a l do l as es

as par ag i n as e

D N as e

u r ok i n as es

p r o t eas es

deh a l ogen as e s

O P H ,  B C h E

per oxi d as es

am y l as e

c e l l u l as es

c a t a l as e

Sustainable solution

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

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

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

c r e a t e  t h e  f u t u r e  i n  b a l a n c e  b e t w e e n  e c o n o m y,  c l e a n e r  

e n v i r o n m e n t  a n d  b e t t e r  l i v e s

� “ …  d e v e l o p m e n t  t h a t  m e e t s  t h e  n e e d s  o f  t h e  p r e s e n t  

w i t h o u t  c o m p r o m i s i n g  t h e  a b i l i t y  o f  f u t u r e g e n e r a t i o n s  

t o  m e e t  t h e i r  o w n  n e e d s ”  ( W C E D ,  1 9 8 7 )

� r e d u c e  e n v i r o n m e n t a l  i m p a c t

� r e d u c e  c o n s u m p t i o n  o f  r e s o u r c e s

( r a w  m a t e r i a l s ,  e n e r g y,  a i r ,  w a t e r )

� u s e  o f  r e n e w a b l e  r a w  m a t e r i a l s

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

� m a x i m i z e w a s t e r e c y c l i n g
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Example of sustainable technology

Bi o c a t a l ys i s ( + 3 0 °C )

1 0 0 0  t          p e n i c i l l i n G

4 5  t              a m m o n i a

1 0 , 0 0 0  m 3 w a t e r

1  t                E NZ YM E

( 1 $ / k g  6 - A PA )

C h e m i c a l p r o c e s s ( - 4 0 °C )

1 0 0 0  t p e n i c i l l i n G

1 6 0  t a m m o n i a

3 0 0  t d i m e t h y l c h l o r o s i l a n e

8 0 0  t N , N - d i m e t h y l a n i l i n e

6 0 0  t p h o s p h o p e n t a c h l o r i d e

4 , 2 0 0  m 3 d i c h l o r o m e t h a n e

4 , 2 0 0  m 3 n - b u t a n o l

� h y d r o l y s i s  o f  p e n i c i l l i n  G

ADVANTAG ES

� h ig h c ata l y t i c e f f i c ie n c y

� b ro ad su b s t ra t e s p e c i f i t y

� h ig h d eg ree o f s e le c t i v i t y

� c o mp a t ib i l i t y o f eac h o th er

� re u s a b i l i t y

� s u s ta in a b l i t y

� pr odu c ed f r om b i om as s

� eas i l y b i ode g r a d a b l e

� n on - t oxi c ,  n on - f l am ab l e

� n o  r eq i r em en t o f l a r ge qu an t i t y

o f t oxi c m e t a l s  an d s o l ven t s

� l es s byp r o du c t s an d w as t es

� opar a t e a t m i l d c on d i t i on s

LIMITATIONS

� c o fa c to r req u irem en t

� p ro n e to  i n h ib i t i o n s

� h ig h es t  a c t i v i t y  i n  w a te r

� g en era l y l e s s  s ta b le

� in su f f ic i en t s e le c t i v i t y

� o f ten  e x p e n s iv e

� a l le rg ie s

Enzyme-based technology

Enzyme sources

ANIMAL AND PLANT TISSUES
� con ten t o f t e n  up  to  1% en z yme  o f  t i s s u e  we i g h t
� t h ou s and s y ea r s  o l d  d e v e l o p ed  emp i r i c a l l y
� pan c r e a s  ( e a r l i e r  t r e a tmen t  o f  h i d e s ) ,  c a l f  s t omach  ( c h ee s e -mak i n g )
� papaya ,  p i n e app l e  ( t e nde r i z a t i o n  o f  mea t ) ,  s o dom  app l e  l e a v e s  (m i l k  c l o t t i n g )
� r i s k  o f  con tamina t i on  w i t h  p r i o n s  a nd  v i r u s e s ha rm fu l l  t o  h uman s
� l e s s  compete t i ve  c ompa r ed  t o  f e rmen t a t i o n  o f  m i c r o o r g an i sm  
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Enzyme sources

WILD-TYPE MICROORGANISMS
� en z yme s  f r om  m i c r o o r g an i sms  l o ng  b een  s a f e l y  u s ed  i n  f ood  i ndus t r y
� f ood  p roces s i ng  enzymes  - r e gu l a t i o n  s t r i c t  f o r  u s i n g  n on - r e c omb i n an t  e n z ymes
� mi c r o o r g an i sms  u s ed  f o r  s c r e en i n g  f o r  „new“  ca ta l y t i c  enzymes
� s c r e en  f o r  e n z yme s  a c t i v e  a t  des i r ed  p roces s  cond i t i ons  ( e . g .,  pH ,  t empe ra t u r e )

RECOMBINANT MICROORGANISMS
� when  y i e l d i n  w i l d  t y p e  o r g an i sm  i s  l ow o r  d e s i r e d  e n z yme  i s  no t  i n  c l a s s  I  o rgan i sm
� bac te r i a ,  f ung i  and  yeas t s  ( e . g .,  E . c o l i ,  B a c i l l u s ,  A s p e r g i l l u s ,  S a c c ha r omyce s )
� mos t  t e c hn i c a l  e n z yme s  p r odu c ed  u s i n g  r ecomb inan t  t e chno logy

Industrial production of enzymes

FERMENTATION
� non-recombinan t and  recombina nt o rgan i sms
� steady  and  safe  ( c l a s s  I  o r  GRAS) o rgan i sms
� up-sca le and  opt imis a t i on

� h igh  ce l l  dens i t y  f e rmen t a t i o n  ( 5 0  g  c e l l  d r y  we i g h t  p e r  l i t e r )
� uppe r  l im i t  o f  pro te in concen t ra t i on ( 1 0  g . L - 1 ;  4 0%  o f  t o t a l  c e l l  p r o t e i n )

Downstream process

SEPARATION AND HOMOGENISATION
� dependen t  on  appl icat io n  and  requi red  pur i ty

� t e chn i ca l  enzyme  - l ow  t o  mode ra t e  pu r i t y
� enzymes  f o r  t he rapy  and  d i agnos t i c s  - h i g h  pu r i t y
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Downstream process

SEPARATION AND HOMOGENISATION
� dependen t  on  appl icat io n  and  requi red  pur i ty

� t e chn i ca l  enzyme  - l ow  t o  mode ra t e  pu r i t y
� enzymes  f o r  t he rapy  and  d i agnos t i c s  - h i g h  pu r i t y

� mechan i ca l
� h omo g e n i z e r s  - h i g h  p r e s s u r e  ( 1 5 0 0  b a r )  f o l l o w e d  b y  e x p a n s i o n
� b a l l  m i l l s  - sm a l l  a b r a s i v e  p a r t i c l e s
� u l t r a s o n i c  d i s r u p t i o n  - c e l l  l y s i s  w i t h  h i g h  f r e q u e n c y  s o u n d
� b l e n d e r s  - b l a d e s  r o t a t e  a t  s p e e d s  o f  6 , 0 0 0 - 5 0 , 0 0 0  r pm
� f r e e z e  f r a c t u r i n g  - w a t e r  c r y s t a l s  a s  a b r a s i v e

� non-mechan i ca l
� c h em i c a l  p e rm e a b i l i z a t i o n  ( e . g . ,  s o l v e n t s ,  s u r f a c t a n t s ,  a n t i b i o t i c s )  
� e n z ym a t i c  p e rm e a b i l i z a t i o n  ( e . g . ,  g l y c a n a s e s ,  p r o t e a s e s ,  m a n n a s e )
� o sm o t i c  s h o c k  ( e . g . ,  h i g h  s u c r o s e  m e d i um )

Downstream process

SEPARATION AND HOMOGENISATION
� dependen t  on  appl icat io n  and  requi red  pur i ty

� t e chn i ca l  enzyme  - l ow  t o  mode ra t e  pu r i t y
� enzymes  f o r  t he rapy  and  d i agnos t i c s  - h i g h  pu r i t y

Downstream process

ENZYME PURIFICATION
� impur i t ie s ( e .g .,  p ro te ins ,  DNA and  o the r s )
� f u r the r  pu r i f i c a t i on  when  safety ( e .g .,  r e comb inan t  DNA ,  v i ruses )  

o r  funct iona l  reasons  ( impur i t i e s  d i s tu rb in g  ca ta l y t i c  func t i on )
� bas i c  know le d ge  o f  prote in  propert i es necesa r y

� mo l e cu l a r  we i g h t  (MW)  
� i s o e l e c t r i c  p o i n t  ( p I )
� c o f a c t o r s
� pH  ra nge
� t empe ra t u r e  s t a b i l i t y

� methods  o f  p ro te in  pu r i f i c a t i on
� p r e c i p i t a t i o n  a nd  d i f f e r e n t i a l  s o l u b i l i z a t i o n

( e . g .,  ammon i um  s u l f a t e ,  pH ,  s o l v e n t s )
� memb rane  f i l t ra t i o n
� c h r oma t og raph i c  me t h od s

( s i z e  e x c l u s i o n ,  i o n  e x c hange ,  h yd r ophob i c ,
me t a l  a f f i n i t y,  b i o s p e c i f i c )

� more  s teps  -> h igher  pur i ty  (mu l t i - s t e p  man ipu l a t i on ,  l o s s  >10% o f  enzyme)

WHAT ARE THE RELEVANT PROTEIN PROPERTIES?
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Immobilisation methods
� b i o c a t a l y s t s ( e n z y m e  o r  c e l l ) l i m i t e d  i n  m o v i n g  d u e  t o  

c h e m i c a l  o r  p h y s i c a l t r e a t m e n t

R E A S O N S

� r e u s e o f  e n z y m e  ( r e d u c i n g  c o s t )

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

� c o n t i n o u s p r o c e s s i n g

� s t a b i l i z a t i o n b y  i m m o b i l i s a t i o n

L I M I T A T I O N S

� c o s t o f  c a r r i e r s  a n d  i m m o b i l i s a t i o n

� c h a n g e s  i n  p r o p e r t i e s ( s e l e c t i v i t y )

� m a s s  t r a n s f e r  l i m i t a t i o n s

� a c t i v i t y  l o s s  d u r i n g  i m m o b i l i s a t i o n

Immobilisation of enzyme

p o l y a c r y l a t e A m b e r l i t e ®p o r o u s   s i l i c a C e l l u l o s e

Immobilisation of cell

A l g i n a t e   b e a d s
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Whole cell vs. isolated enzyme

� a d v a n ta g e s  

� a l l ow  m or e  en zym es  

� c o f ac t o r  r egen er a t i on

� c h eap

� d is a d v a n ta g e s

� s i de - r eac t i on s  f r om  o t h e r  en zym es

� l ow  t o l e r an c e  t o  o r gan i c  s o l ven t s

� l ow  p r odu c t i v i t y

� a d v a n ta g e s

� s m a l l e r  r eac t o r s

� l es s  s i de  r eac t i on s

� h i gh e r  p r odu c t i v i t y

� d is a d v a n ta g e s

� m or e  exp en s i v e

� add i t i on  o f  c o f ac t o r s

� l es s  s t ab l e  ou t s i de  c e l l

Examples of whole cell biocatalysis

� syn th es is  o f  a g ro c h e m ic a l  i n te rme d ia te s b y m ic ro b ia l  

h yd ro xy la t io n  o f  h e tero a to m ic s  (L o n za )

� ma n d e l i c  a c id  - u r in ar y  an t is ep t i c ,  sk in  c are  c o sm et ic s

(d u  P o n t ,  N i t to  C h e m ic a ls ,  etc . )

� la rg e-sc a le  p ro d u c t io n  o f  c o m m o d it y c h em ic a l - a c ry la m id e
(M i ts u b is h i ,  N i t to  C h e m ic a ls )  

Alcaligenes 

faecalis

Achromobacter
xylosoxidans

Rhodococcus
rhodochrous J1

Examples of enzyme biocatalysis

� la rg e  sc a le  p ro d u c t io n  o f  A s p a r ta me ,  lo w -c a lo r ie  sw eetn e r  

(D S M ,  N u t ra S w e e t )

� syn th es is  o f  a to rvas t a t i n ,  L ip i to r ® , in te rm ed i a t e  

(P f i ze r - sa le s  s in c e  1 9 9 6  exc eed  U S $  1 2 5 b i l l i o n )

� syn th es is  o f  h ig h  f ru c to s e  s yru p  f ro m  c o rn  s ta rc h  

(1 0  m i l l io n  to n s  p er  yea r )


