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Bi7430 Molecular Biotechnology

7.  Molecular  Biotechnology in Industry

Outline

 Enzymes  and appl i cat i ons

 Def i n i t i on  of  whi te  b i otechnol og y

 Susta i nabl e  deve l opment

 Enzyme sources

 I ndustr i a l  product i on of  prote i ns

 Enzyme and ce l l s  i mmobi l i zat i on

 Exampl es  of  b i ocata l y t i c  appl i cat i ons

Enzymes

 n a tu ra l  ca ta lysts  (b i ocata l yst)

 cata l yze  chemi ca l  rea ct ion s in  l iv in g  systems

 ox i d o r e d u c t a se s - ox id a t io n / red u ct io n

 t ra n sfe ra se s - t ra n s fer  o f  f u n ct io n a l  g ro u p s

 hyd r o l a se s – hy d ro ly t i c  c leava ge

 l ya se s - c leava ge  o f  C - C ,  C - N a n d  C - O  b o n d s

 i so me ra se s - ra cem iza t io n ,  ep im er i za t io n

 l i ga se s - fo rm a t io n  o f  C - C ,  C - Na n d C - O  b o n d s

Enzyme applications
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White (industrial) biotechnology

 bi otechnol og y  i ncorporated i nto  product i on processes  and products  

that  invo lve  ch emica l  rea ct ion s - b ioca ta lys is

 su sta in a b le and env iron men ta l ly - f r ien d ly i ndustry

 prov i de  en ergy  ef f ic ien cy ,  i ncreased p rod u ct iv i ty and better  sa fety

 uses  en zymes and micro -orga n isms to  make  products  and serv i ces  

i n  a  w i de  rang e  of  i ndustr i a l  sectors

Enzyme-based technologies

ADVANTAGES

 hi g h cata l y t i c  e f f i c i ency

 broad substrate  speci f i ty

 hi g h se l ect i v i ty

 compati b i l i ty  of  each other

 reusabi l i ty

 susta i nabi l i ty  

 p ro d u ced  f ro m  b io m a s s

 n o n - t ox ic  a n d  b io d e g ra d a b le

 o p e ra t e  a t  m i ld  c o n d i t io n s

 l e s s  b y p ro d u c t s  a n d  w a s t e s

LIMITATIONS

 cofactor  requi rement

 prone  to  i nhi b i t i ons

 hi g hest  act i v i ty  i n  water

 l ess  stabl e

 l ow se l ect i v i ty

 expens i ve

Enzyme sources

 a n ima l  a n d  p la n t  t issu es

 t h o u s a n d s  y ea rs  o ld  d ev e lo p ed  em p ir i ca l l y

 p a n crea s  ( t rea t m en t  o f  h id es ) ,  ca l f  s t o m a ch  (ch ees e - m a k in g)

 p a p aya ,  p in ea p p le  (m ea t  t en d er i za t io n )

 c o n t e n t  u p  t o  1 %  en z y m e o f  t i s s u e  weigh t

 l e ss  c o mp e t i t i ve  co m p a red  t o  ferm en t a t io n  o f  m icro o rga n is m  

 r i sk  o f  c o n t a mi n a t i o n  wit h  p r io n s  a n d  v i ru s es  h a rm f u l  t o  h u m a n s

Enzyme sources

 wild-typ e microorga n isms

 en z y m es  f ro m  m icro o rga n is m s  lo n g  b een  s a fe ly  u s ed  in  fo o d  in d u s t ry

 fo o d  p ro ces s in g  regu la t io n s  - s t r i c t  fo r  n o n - reco m b in a n t  en z y m es

 m icro o rga n is m s  u s ed  fo r  s c reen in g  fo r  „ n ew“  ca t a ly t i c  en z y m es

 s creen  fo r  en z y m es  a ct iv e  a t  d es i red  p ro ces s  co n d i t io n s  

(e .g . ,  p H ,  t em p era t u re)

 recomb in a n t  microorga n isms

 m o s t  t ech n ica l  en z y m es  p ro d u ced  u s in g  r e c o mb i n a n t tech n ology

 wh en  y ie ld  in  w i ld  t y p e  o rga n is m  i s  lo w o r  

d es i red  en z y m e is  n o t  in  c la s s  I  o rga n is m

 b a ct er ia ,  f u n g i  a n d  y ea s t s  

(e .g . ,  E .c o l i ,  B a c i l lu s ,  A s p e r g i l lu s ,  S a c c h a r o myc e s )
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Industrial production of proteins

 fermen ta t ion

 n o n - reco m b in a n t  a n d  reco m b in a n t  o rga n is m s

 s t ea d y  a n d  s a fe  ( c la s s  I  o r  G R A S )  o rga n is m s

 u p - s ca le  a n d  o p t im iza t io n

 h i gh  c e l l  d e n s i t y  ferm en t a t io n  (5 0  g  ce l l  d ry  we igh t  p er  l i t er )

 u p p er  l im i t  o f  p r o t e 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  ce l l  p ro t e in )

Downstream process

 sep a ra t ion  and h omogen iza t ion

 d ep en d en t  o n  a p p l i ca t io n  a n d  req u i red  p u r i t y

 t e c h n i c a l  en z y m es - lo w t o  m o d era t e  p u r i t y

 p ro t e in s  fo r  t h e ra p y  a n d d i a gn o st i c s  - h igh  p u r i t y

Downstream process Downstream process

 sep a ra t ion  and h omogen iza t ion

 d ep en d en t  o n  a p p l i ca t io n  a n d  req u i red  p u r i t y

 t e c h n i c a l  en z y m es - lo w t o  m o d era t e  p u r i t y

 p ro t e in s fo r  t h e ra p y  a n d d i a gn o st i c s  - h igh  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 fa 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 )
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Downstream process

 sep a ra t ion  and h omogen iza t ion

 d ep en d en t  o n  a p p l i ca t io n  a n d  req u i red  p u r i t y

 t e c h n i c a l  en z y m es - lo w t o  m o d era t e  p u r i t y

 p ro t e in s fo r  t h e ra p y  a n d d i a gn o st i c s  - h igh  p u r i t y

Downstream process

 en zyme p u ri f ica t ion

 i mp u r i t i e s (e .g . ,  p ro t e in s ,  D NA  a n d  o t h ers )

 f u r t h er  p u r i f i ca t io n  wh en  sa fe t y (e .g . ,  reco m b in a n t  D NA ,  v i ru s es )  

o r  f u n c t i o n rea s o n s  ( im p u r i t ies  d i s t u rb in g  ca t a ly t i c  f u n ct io n )

 b a s ic  k n o wled ge  o f  p r o t e i n  p r o p e r t i e s  n eces s a ry

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 fa 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 in  p u r i f i c a t io n

o p r e c i p i t a t i o n  a n d  d i f fe r e n t i a l  s o l u b i l i za t i o n
( e . g . ,  a m m o n i u m  s u l fa 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 ze  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 t e p s  - >  h i gh e r  p u r i t y  ( e a c h s t e p  lo s s  > 1 0 %  o f  e n z y m e )

Whole cell vs. isolated enzyme

 a d va n t a ge s  

 a l l o w  m o r e  e n z y m e s  

 c o fa c t o r  r e g e n e r a t i o n

 c h e a p

 d i sa d va n t a ge 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 ge 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 sa d va n t a ge s

 m o r e  ex p e n s i v e

 a d d i t i o n  o f  c o fa 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
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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 el i c a c id  - u r i n a r y  a n t i se p t i c ,  sk i n  c a r e  c o sme t i c s  

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

Alcaligenes

faecalis

 sy n t h es i s  o f  a gr o c h e mi c a l  i n t e r me d i a t e s  b y  m icro b ia l  

hy d rox y la t io n  o f  h et ero a t o m ics (L o n za )

Achromobacter

xylosoxidans

 l a rge - s ca le  p ro d u ct io n  o f  c o mmo d i t y  c h e mi c a l  - a cry la m id e  

(M it s u b is h i ,  N i t t o  C h em ica l s )  

Rhodococcus

rhodochrous J1

Examples of enzyme biocatalysis

 l a rge s ca le p ro d u ct io n  o f  A sp a r t a me ,  lo w - ca lo r ie  s weet en er  

(D S M ,  Nu t ra S weet )

 sy n t h es i s  o f  a t o r va st a t i n ,  L i p i t o r ® , in t erm ed ia t e  

(P f i zer  - s a les  s in ce  1 9 9 6  exceed  U S $  1 5 0 b i l l io n )

 sy n t h es i s  o f  h i gh  f r u c t o se  syr u p  f ro m  co rn  s t a rch  

(1 0  m i l l io n  t o n s  p er  y ea r )
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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


