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Enzymes

❑ n atu ra l  cata lysts  (b iocata lyst )

❑ cata lyze  che mica l  re ac t ions  in  l i v ing  syste ms

▪ ox i d o r e d u c t a s e s - ox i d a t i o n / re d u c t i o n

▪ t ra n s fe ra s e s - t ra n s fe r  o f  f u n c t i o n a l  g ro u p s

▪ hy d ro l a s e s – hyd ro l y t i c  c l e ava g e

▪ l ya s e s - c l e a va g e  o f  C - C ,  C - N  a n d  C - O  b o n d s

▪ i s o m e ra s e s - ra c e m i z a t i o n ,  e p i m e r i z a t i o n

▪ l i ga s e s - fo r m a t i o n  o f  C - C ,  C - N a n d C - O  b o n d s



Enzyme applications
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Enzyme applications
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White (industrial) biotechnology

❑ b iote ch n o log y  in corp orate d  into  p rod u ct ion  p roce s s e s  an d  p rod u cts  

th at  i nvolve  c h e mi ca l  re ac t ions  - b iocata lys is

❑ su sta inable an d  e nv ironmental ly - f r iendly in d u st r y

❑ p rov id e  e n ergy  ef f i c iency ,  in cre as e d  p ro duct iv i ty an d  b ette r  safety

❑ u s e s  e n zymes an d  mic ro -organisms to  m ake  p rod u cts  an d  s e r v ice s  

in  a  wide  range  of  industr ia l  s e ctors



Enzyme-based technologies

A DVA N TAG ES

❑ h ig h  cata ly t i c  e f f i c ie n cy

❑ broad  s ubstrate  s pe c i f i ty

❑ h ig h  s e le ct iv i ty

❑ comp at ib i l i ty  o f  e ach  oth e r

❑ re u s ab i l i ty

❑ s u sta in ab i l i ty  

▪ p r o d u c e d  f r o m  b i o m a s s

▪ n o n - t o x i c  a n d  b i o d e g r a d a b l e

▪ o p e r a t e  a t  m i l d  c o n d i t i o n s

▪ l e s s  b y p r o d u c t s  a n d  w a s t e s

L IMITATIONS

❑ cofactor  re q u i re me nt

❑ prone  to  inh ib i t ions

❑ h ig h e st  act iv i ty  in  wate r

❑ le s s  stab le

❑ low s e le ct iv i ty

❑ exp e n s ive



Enzyme sources

❑ an imal  an d  p lant  t i s sues

▪ t h o u s a n d s  ye a rs  o l d  d e v e l o p e d  e m p i r i c a l l y

▪ p a n c re a s  ( t re a t m e n t  o f  h i d e s ) ,  c a l f  s t o m a c h  ( c h e e s e - m a k i n g )

▪ p a p aya ,  p i n e a p p l e  ( m e a t  t e n d e r i z a t i o n )

▪ c o n te n t  u p  t o  1 %  e n z y m e  o f  t i s s u e  w e i g h t

▪ l e s s  c o m p e t i t i v e  c o m p a re d  t o  fe r m e n t a t i o n  o f  m i c ro o rg a n i s m  

▪ r i s k  o f  c o n t a m i n a t i o n  w i t h  p r i o n s  a n d  v i r u s e s  h a r m f u l  t o  h u m a n s



Enzyme sources

❑ w i ld- type  mic roorganisms

▪ e n z y m e s  f ro m  m i c ro o rg a n i s m s  l o n g  b e e n  s a fe l y  u s e d  i n  fo o d  i n d u s t r y

▪ fo o d  p ro c e s s i n g  re g u l a t i o n s  - s t r i c t  fo r  n o n - re c o m b i n a nt  e n z y m e s

▪ m i c ro o rg a n i s m s  u s e d  fo r  s c re e n i n g  fo r  „ n e w “  c a t a l y t i c  e n z y m e s

▪ s c re e n  fo r  e n z y m e s  a c t i v e  a t  d e s i re d  p ro c e s s  c o n d i t i o n s  

( e . g . ,  p H ,  t e m p e ra t u re )

❑ re combinant  mic roorganisms

▪ m o s t  t e c h n i c a l  e n z y m e s  p ro d u c e d  u s i n g  r e c o m b i n a n t te c hnology

▪ w h e n  y i e l d  i n  w i l d  t y p e  o rg a n i s m  i s  l o w  o r  

d e s i re d  e n z y m e i s  n o t  i n  c l a s s  I  o rg a n i s m

▪ b a c t e r i a ,  f u n g i  a n d  ye a s 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 h a r o my c e s )



Industrial production of proteins

❑ fe rme ntat ion

▪ n o n - re c o m b i n a nt  a n d  re c o m b i n a n t  o rg a n i s m s

▪ s t e a d y  a n d  s a fe  ( c l a s s  I  o r  G R A S )  o rg a n i s m s

▪ u p - s c a l e  a n d  o p t i m i z at i o n

▪ h i g h  c e l l  d e n s i t y  fe r m e n t a t i o n  ( 5 0  g  c e l l  d r y  w e i g h t  p e r  l i t e r )

▪ u p p e r  l i m i t  o f  p ro te i n  c o n c e n t ra t i o n  ( 1 0  g . L - 1 ;  4 0 %  o f  t o t a l  c e l l  p ro t e i n )



Downstream process

❑ se p arat ion  an d h o mogenizat ion

▪ d e p e n d e n t  o n  a p p l i c a t i o n  a n d  re q u i re d  p u r i t y

▪ te c h n i c a l  e n z y m e s - l o w  t o  m o d e ra t e  p u r i t y

▪ p ro t e i n s  fo r  t h e ra p y  a n d d i a g n o s t i c s  - h i g h  p u r i t y



Downstream process



Downstream process

❑ se p arat ion  an d h o mogenizat ion

▪ d e p e n d e n t  o n  a p p l i c a t i o n  a n d  re q u i re d  p u r i t y

▪ te c h n i c a l  e n z y m e s - l o w  t o  m o d e ra t e  p u r i t y

▪ p ro t e i n s fo r  t h e ra p y  a n d d i a g n o s t i c s  - h i g h  p u r i t y

M E C H A N I C A L

• 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

• h o m o 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 )  a n d  e x p a n s i o n

• 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

• b a l l  m i l l s  a n d b l e n d e r s

N O N - M E C H A N I C A L

• o s m 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 u m )

• c h e m i c a l  p e r m 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 y m a t i c  p e r m 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 )



Downstream process

❑ se p arat ion  an d h o mogenizat ion

▪ d e p e n d e n t  o n  a p p l i c a t i o n  a n d  re q u i re d  p u r i t y

▪ te c h n i c a l  e n z y m e s - l o w  t o  m o d e ra t e  p u r i t y

▪ p ro t e i n s fo r  t h e ra p y  a n d d i a g n o s t i c s  - h i g h  p u r i t y



Downstream process

❑ e n zyme p u r i f i cat ion

▪ i m p u r i t i e s ( e . g . ,  p ro t e i n s ,  D N A  a n d  o t h e rs )

▪ f u r t h e r  p u r i f i c a t i o n  w h e n  s a fe t y ( e . g . ,  re c o m b i n a n t  D N A ,  v i r u s e s )  

o r  f u n c t i o n re a s o n s  ( i m p u r i t i e s  d i s t u r b i n g  c a t a l y t i c  f u n c t i o n )

▪ b a s i c  k n o w l e d g e  o f  p ro te i n  p ro p e r t i e s  n e c e s s a r y

o m o l e c u l a r  w e i g h t  ( M W )  

o i s o e l e c t r i c  p o i n t  ( p I )

o c o f a c t o r s

o p H  r a n g e

o t e m p e r a t u r e  s t a b i l i t y

▪ m e t h o d s  o f  p ro t e i n  p u r i f i c a t i o n

o p r e c i p i t a t i o n  a n d  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 . ,  a m m o n i u m  s u l f a t e ,  p H ,  s o l v e n t s )

o m e m b r a n e  f i l t r a t i o n

o c h r o m a t o g r a p h i c  m e t h o d s  
( e . g . ,  s i z e  e x c l u s i o n ,  i o n  e x c h a n g e ,  h y d r o p h o b i c ,  m e t a l  a f f i n i t y,  b i o s p e c i f i c )

▪ m o r e  s te p s  - >  h i g h e r  p u r i t y  ( e a c h s t e p  l o s s  > 1 0 %  o f  e n z y m e )

W H AT  A R E  T H E  R E L E VA N T  P R OT E I N  P R O P E R T I ES ?



Whole cell vs. isolated enzyme

❑ a d va n t a g e s  

▪ a l l o w  m o r e  e n z y m e s  

▪ c o f a c t o r  r e g e n e r a t i o n

▪ c h e a p

❑ d i s a d va n t a g e s

▪ s i d e - r e a c t i o n s

▪ l o w  t o l e r a n c e  t o  s o l v e n t s

▪ l o w  p r o d u c t i v i t y

❑ a d va n t a g e s

▪ s m a l l e r  r e a c t o r s

▪ l e s s  s i d e  r e a c t i o n s

▪ h i g h e r  p r o d u c t i v i t y

❑ d i s a d va n t a g e s

▪ m o r e  e x p e n s i v e

▪ a d d i t i o n  o f  c o f a c t o r s

▪ l e s s  s t a b l e  o u t s i d e  c e l l



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

❑ b e n e f i t s

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

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

▪ r e p e a t e d  u s e  o f  b i o c a t a l y s t

▪ c o n t i n u o u s b i o p r o c e s s i n g

❑ l i m i t a t i o n s

▪ e x p e n s e s o f  c a r r i e r s  a n d  i m m o b i l i z a t i o n

▪ 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 z a t i o n

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

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



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 PVA lens (LentiCats)



Examples of whole cell biocatalysis

▪ m a n d e l i c a c i d  - u r i n a r y  a n t i s e p t i c ,  s k i n  c a r e  c o s m e t i c s  

( d u  Po n t ,  N i t t o  C h e m i c a l s ,  e t c . )

Alcaligenes

faecalis

▪ sy n t h e s i s  o f  a g ro c h e m i c a l  i n te r m e d i a te s  b y  m i c ro b i a l  

hyd rox y l a t i o n  o f  h e t e ro a t o m i c s ( L o n z a )

Achromobacter

xylosoxidans

▪ l a rg e - s c a l e  p ro d u c t i o n  o f  c o m m o d i t y  c h e m i c a l  - a c r y l a m i d e  

( M i t s u b i s h i ,  N i t t o  C h e m i c a l s )  

Rhodococcus

rhodochrous J1



Examples of enzyme biocatalysis

▪ l a rg e s c a l e p ro d u c t i o n  o f  A s p a r t a m e ,  l o w - c a l o r i e  s w e e t e n e r  

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

▪ sy n t h e s i s  o f  a t o r va s ta t i n ,  L i p i t o r
®
, i n t e r m e d i a t e  

( P f i ze r  - s a l e s  s i n c e  1 9 9 6  exc e e d  U S $  1 5 0 b i l l i o n )

▪ sy n t h e s i s  o f  h i g h  f r u c t o s e  sy r u p  f ro m  c o r n  s t a rc h  

( 1 0  m i l l i o n  t o n s  p e r  ye a r )



Let´s make world better

❑ su sta inable and  e nv ironmental ly - f r i endly industr y

❑ b io mass rath e r  th an  t rad i t ion a l  p etroch e mica ls

❑ e n ergy  ef f i c ient ,  in cre as e d  p ro d uct iv i ty an d  b ette r  safety



Reading

❑ E n z y m e s  a t  w o r k ( N o v o z y m e s ,  D e n m a r k )

▪ 1 .  W h y  u s e  e n z y m e s  f o r  i n d u s t r i a l  p r o c e s s e s ?

▪ 2 .  T h e  n a t u r e  o f  e n z y m e s

▪ 3 .  I n d u s t r i a l  e n z y m e  p r o d u c t i o n


