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ABSTRACT 

Muta n t s  o f  Pachysole n  t a n n ophilus , r e s i st a n t  t o  2 -

d e o x yg l uc o s e ,  t h e  t o x i c  a na l o g u e  o f  D - g l uc os e ,  have b e e n  

i s o l a t e d  a n d  c ha r a c te r i s e d. The i r  gr o wt h  c h a r a c te r i s t i cs 

o n  h e x o s e  a nd p e n t o s e  s ugar s ,  r e s i s ta n c e  t o  2 -d e o xyg l uc o s e  

a n d  c e l l u l a r  h e x o s e - p h o s p h o r y l a t i ng a c t i v i t i e s we r e  

i nv e s t i ga t e d . L o s s  o f  h e x o s e -ATP -k i na s e  a c t i v i ty was 

f o u nd t o  c o r r e l a t e  w i t h  l o s s  o f  a b i l i ty t o  g r ow o n  h e x o s e  

s uga r s  a n d  i nc r e a s e d  r e s i s ta n c e  t o  2 -d e o xyg l u c o s e .  T h e  

g r owth o f  t h e s e  mut a n t s  o n  D - xy l o s e  was n o t  a f f e ct e d . 

A f ur th e r  s e r i e s  o f  f r uc t o s e - n e gat i ve and g l u c o s e - n e ga t i ve 

mut a n t s  we r e  i s o la t e d  b y  s e l e ct i ng f o r  i nc r e a s e d  r e s i s ta n c e  

t o  2 -d e o xyg l uc o s e  a nd b y  UV mut ag e ne s i s . Muta n t s ,  

d e f e c t i ve i n  e a c h  o f  t h e  t hr e e  h e x o s e - ph o s ph o ry l a t i ng 

e n z yme s f o und t o  b e  p r e s e nt i n  t h i s  yea s t ,  we r e  c o mp l e t e l y  

n e ga t i ve f or g r owth o n  D - g l uc o s e , b u t  c o u l d  s l owl y c o n ve r t  

t h i s  s ug a r  t o  D - f r u c t o s e . T h e  c o nve r s i o n o f  D - g l uc o s e  t o  

D - f r uc t o s e  wa s h yp ot he s i s ed t o  b e  cata l y s e d  b y  t h e  e nz yme s 

xyl o s e  r ed u c t a s e  and x y l i t o l  d e hyd r o ge na s e  a nd e xp e r i me nt s  

we r e  c o n d u c t e d  t o  i nve s t i ga t e  t h i s  p o s s i b i l i ty. 

Ce l l - f r e e  e xt r a c t s  f r o m  t h e  wi l d  t yp e  s tr a i n  a n d  s eve r a l  o f  

t h e  g l u c o s e -n e ga t i ve mut a n t s  we r e  chr oma t o gr a p h e d  o n  DEAE ­

c e l l u l os e . T h e  r e s u l t s  o f  h e x o k i na s e  a s sa ys and a n i on ­

e xc ha n g e  c h r omat o g r a p h y  c on f i r me d  t h e  e x i s t e nc e  o f  t h r e e  

h e x o s e - p h o s ph o ry l a t i ng e nz yme s i n  P .  t a n n ophilu s . Two 

h e x o k i na s e s  wh i c h  p h o s p h o r yl a t e d  b o t h  D - g l u c o s e  and D ­

f r uc t o s e ,  e xh i b i te d  F/G r a t i o s  o f  1 . 3/ 1 . 0  and 3 . 0/1 . 0 , 
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wh i l e  a gluc o k i na s e  s pe c i f i c f o r  D - gluc o s e  was als o  

p r e s e nt . The s e  e n zyme s we r e  r e f e r r e d  t o  a s  h e x o k i na s e  A 

a n d  B and gluc o k i na s e . 

Exam i na t i o n o f  t h e  h e x o s e - ATP -k i na s e  p r o f i l e s  o n  DEAE -

c e llul o s e  

gluc o s e , 

gluc o k i na s e  

o f  t h e  w i ld type e xt r a c t  f r om c e lls gr own o n  D ­

O - xyl o s e  a n d  glyce r ol i nd i ca t e d  t ha t  t h e  

a n d  h e x o k i na s e  B we r e  c o n s t i tu t i ve ,  wh ile 

h e x o k i na s e  A wa s i nd u c i ble . 

Gluc o s e  r e pr e s s i o n o f  xyl o s e  r ed u c t a s e and x yl i t ol 

d e hyd r o g e n a s e  wa s f o und t o  r e qu i r e an a c t i ve h e x o k i na s e  A 

e nzyme . Th i s  e n zyme wa s p ur i f i ed f r o m  a gluc o k i na s e  

d e f e c t i ve mut a n t  b y  DEAE - c e llul o s e  chr oma t o gr a phy, f ollo we d  

b y  a f f i n i ty c hr o ma t o gr a p hy o n  C i ba c r o n  Blu e  F 3 G-A S e p h a r o s e  

( Blue S e p ha r o s e ) a nd e xa m i n e d  f u r t he r . T h e  K m  value s  f or 

D - glu c o s e  a nd D - f r uc t o s e  we r e  0 . 3 6 and 2 . 2 8 mM 

r e s p e c t i vely . An e s t i ma t e d  Vma x f r u c t o s e /Vma x gluc o s e  wa s 

1 . 5/1 . 0 .  Whe n  i nc ub a t e d  w i t h  D - xyl o s e  i n  t h e  p r e s e n c e  o f  

MgCl2 and ATP ,  t h e  e n zyme wa s i na c t i va t e d . 

A s t r a i n  o f  Pachy s o l en tan n oph i l us ,  d e f e c t i ve i n  all t h r e e  

h e x o s e - p h o s ph o r y l a t i ng e n zyme s , wa s t r a ns f o r med w i t h  a 

pla s m i d  c a r r y i ng t h e  cl o n e d  P I I  h e x o k i na s e  g e n e  f r om 

Saccharomyces cere v i s i ae . T h e  g e n e  wa s e x p r e s s e d  a nd t h e  

pr e s e nc e  o f  t h e  e n zyme w i t h i n  t h e  cells was d e mo n s t r a t e d  b y  

DEAE - cellulo s e  c h r o ma t o g r a phy o f  a c e ll- f r e e  e xt r a c t . 

As pa r t  o f  t h e  ove rall pla n t o  a t t e mpt g e ne t i c  i mpr o ve me n t  

i n  P .  t a n n oph i l us ,  two s upe r i o r e t ha n ol p r o d u c i ng mut a n t s  

we r e  hybr i d i s e d  a nd t h e  s e g r e ga n t s  mad e  a va ilable f o r  

f e r me nt a t i o n t r i a l s  a t  t h e  F o r e s t  R e s e a r c h  I ns t i t u t e . 
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H e x o s e - ne ga t i ve mut a n t s  a ble t o  f e r me n t  D-xyl o s e  i n  t h e  

pr e s e nc e  o f  D - gluc o s e  we r e  s ele c t e d  f o r  a n d  s ub j e c t e d  t o  

f e r me nt a t i o n t r i als . S e v e r al o f  t he s e  mut a n t s  p r o d u c e d  

p r o m i s i ng c o n c e n t r a t i on s  and y i elds o f  e th a n ol f r o m  t h e  

f e r me n ta t i o n o f  D - xyl o s e , b o t h  a s  a s ole ca r b o n  s ou r c e  a nd 

i n  a m i x t u r e  o f  D -glu c o s e  a nd D - xyl o s e . 
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H I S T OR I CAL REVI EW 

1 .  P ACHYSOLEN T ANNOPHILUS 

1 . 1  G e ne r a l  D e s c r i pt i on 

T h e  yea s t  wa s o r i g i na l l y d e s cr i be d  by B o i d i n  a nd Ad ze t 

( 1 9 5 7 ) . M o s t  s t r a i n s , i nc l ud i ng t h e  type s t r a i n  

NRRL Y - 2 4 6 0 ,  we r e  i s o l a t e d  f r om t r e e  e xt r a c t s  u s e d  i n  t h e  

t a n n i ng o f  l e a t he r . Pachyso l en tan n oph i l o.s i s  a s ma l l  

budd i ng ye a s t  w i t h  c e l l s a b o u t  ha l f  t h e  d i a me t e r  o f  

Saccha�omyces ce�e v i s i a e . Ce l l s ,  

e l l i ps o i d a l  ( 1 . 5 - 5 . 0 )  x ( 2 . 0 - 7 . 0 )  �m, 

h a p l o i d ( P l a t e  1 )  a n d  d i p l o i d ( P l a t e  2 )  

s phe r o i d a l  

c a n  o c c u r  i n  

t o  

b o t h  

pha s e s , 

t h e  ha p l o pha s e  i s  p r e d o m i nant ( Jame s a nd 

A l t h o ug h  d i p l o i d c e l l s a r e  l a r g e r  t ha n  

Z a ha b ,  

a l t h o ugh 

1 9 8 2 ) . 

hap l o i d 

budd i ng i s  b i p o l a r  i n  b o t h  pha s e s  ( Bo i d i n  & Ad z e t ,  

J a me s  & Z a ha b ,  1 9 8 2 ) .  P s e ud o hyph a e  a r e  u s ua l l y 

a nd s ome t i me s  h i g h l y  b r a n ched . 

I n  s po r u l a t i ng c u l t ur e s , t h e  two pha s e s  a r e  mo r e  

d i s t i ng u i s he d , s i nc e  t h e  a s c o p h o r e s  o f  a d i p l o i d  

c e l l s ,  

1 9 5 7 ;  

pr e s e n t  

e a s i l y 

c u l t u r e  

a r e  u s ua l l y f r e e  o f  ' a t ta c h e d ' c e l l s and a r e  u nc o n j u g a t e d , 

wh i l e t h o s e  o f  h a p l o i d  a r e  c o n j uga t e d  ( Ja me s  & Z a ha b ,  

1 9 8 2 ;  K u r t zma n , 1 9 8 3 ) .  T h e  s p o r u la t i o n o f  d i p l o i d  c e l l s 

f i r s t  b e c o me s appar e n t  w i t h  t h e  a p p e a r a n c e  o f  e n l a r ge d  

c o n j u g a n t  c e l l s  f r om wh i c h  l o ng ( up t o  4 5  �m ) t u b e s  o r  

s ome t i me s  b r a n c h e d  f i l a me nt s  a r e  e x t e nd e d  ( Jame s & Z a ha b ,  

1 9 8 2 ) . A c o n j uga n t  c e l l  may p r o d u c e  a t h i c k  wa l l e d  

a s c op h o r e a t  t he e nd o f  wh i ch t h e  a s c u s  c a r r y i ng u p  t o  

f o ur h e m i s phe r o ida l a s c o s po r e s  a r e  f o r me d  ( K u r t zman ,  



2 

P l a t e  1 :  

P l a t e  2 :  

Ha p l o i d  Ce l l s o f  P achys o l en tan noph i l as .  

M a gn i f i ca t i on x 4 0 0  

D i p l o i d  Ce l l s o f  Pachys o l en t an n oph i l us .  

Mag n i f i ca t i o n x 4 0 0  





3 

1 9 8 3 ) . A f t e r  o n e  o r  two days , t h e  a s c u s  wa l l  d e h i s c e s  a nd 

t he s p o r e s  a r e  r e l ea s e d  f r om t h e  a s c u s  a n d  t h e  cyc l e  i s  

t h e n  r e p e a t e d . The t h i c k  wa l l e d  h i g h l y  r e f ra c t i l e 

a s c o s ph o r e  i s  a r e ad i ly i d e nt i f i b l e  f e a t u r e  o f  P .  

t.an n op h  i l  (J.S ( Jame s  & Z a ha b ,  1 9  8 2 ;  K u r t zma n ,  1 9  8 3 ) . 

I n  t he n o r ma l  eve n t s  o f  t h e  s e xua l c yc l e  t he d i p l o i d pha s e  

i s  u s ua l l y s h o r t - l i ve d . D i p l o i d y  a nd t h e  s ub s e q u e n t  

f or ma t i o n o f  a n  a s c o p h o r e  o c c u r s  whe n  s i s t e r  n uc l e i f us e ,  

u s ua l l y w i t h i n  t h e  f i lame n t o f  t h e  c o n j ugant c e l l  ( Ja me s  & 

Z a ha b ,  1 9 82 ) . S i ng l e  a s c o s po r e  i s o l a t e s  f r om NRRL Y -2 4 6 0  

gave r i s e  t o  s p o r o g e n o u s  c o l o n i e s , i nd i ca t i ng t he s pe c i e s  

t o  b e  h om o t ha l l i c  w i t h  n o  ma t i ng type s ( Wi c k e r ham, 1 9 7 0 ) . 

A s y s t e m  f o r  the g e ne t i c  ma n i pu l a t i o n o f  P .  t. an n o p h i l (J.s 

h a s  b e e n  d e ve l oped by Jame s  and Z a h a b  ( 1 9 82 ) . The f us i on 

o f  n o n - s i s t e r  c e l l s ,  t h o ug h  r e la t i ve l y  i n f r e q u e n t ,  d o e s  

o c c u r  a t  a f r e q u e n c y  o f  1 x l 0 -6 whe n  t he c e l l s  a r e  

i no c u l a t e d  o n t o  a me d i um s uc h  a s  YM-YE ( ma l t e xt r a c t, D ­

g l u c os e ) wh i c h i s  c on d u c i ve t o  t he f or ma t i on o f  c o n j u g a n t  

c e l l s . D i p l o i d  c e l l s wh i c h f o r m  a s  a r e s u l t  o f  t h e s e  r a r e  

f u s i o n s  a r e  p r e v e n t e d  f r om u nd e r g o i ng me i o s i s  by 

t r a n s f e r r a l  o n t o  a med i um wh i c h  e nc o ur a g e s  m i t o t i c  growt h . 

H a p l o i d s t r a i ns ca r r y i ng auxotr o ph i c  ma r k e r s  c a n  be 

r e ad i l y ma t e d  a nd d i p l o i d s  i s o l a t e d  by pr o t o t roph i c  

s e l e c t i on . D i p l o i d  c e l l s  c a n  be i nd u c e d  t o  s p o r u l a t e  by 

i n o c u la t i ng o n t o  s p o r u l at i o n med i um ( YM ,  ye a s t  e x t r ac t ,  

ma l t  e x t r a c t , D -g l uc o s e ) and i nc u bat i ng f o r  4 - 5  days a t  

3 0 °C .  T h e  s p o r e s  a r e  r e a d i l y ame na b l e t o  t e t r a d  ana lys i s . 



4 

F r o m  a pra c t i ca l  v i e wpo i n t ,  P .  t an n oph i l us c a n  be 

c o ns i d e r ed r e l a t i ve l y  u nada p t e d  to c omme r c i a l  c o n d i t i o ns. 

T h u s  t h i s  yea s t  c o u ld be s ub j e c t e d  t o  i mpr o v e me n t  by 

g e ne t i c  mod i f i ca t i on ,  e i t h e r  u s i ng c l as s i ca l  t e c h n i qu e s  o f  

br e e d i ng and s e l e c t i o n  o f  mut a n t s  o r  u s i ng g e n e t i c  

e ng i ne e r i ng. A t h o r o ugh k no wl e d g e  o f  t h e  p hys i o l og y  a nd 

b i o c h e mi s t r y  o f  t h i s  yea s t  i s  paramount t o  s uc c e s s. 

1.2 U t i l i s a t i o n a nd F e r me n t a t i on o f  Ca r bo n  C o mpou nd s  

Gr o wt h  o f  P .  tan n oph i l us i s  s upp o r te d  by a numb e r  o f  

h e x o s e  a nd pe n t o s e  sugar s ,  

a l c o h o l s  ( K u r t zma n ,  1 9 8 3 ) .  

xyl o s e  and D - ga l a c t o s e  a r e  

u t i l i s e d  i nc l ud e  c e l l o b i o s e  

o r ga n i c  a c i d s a n d  s ug a r  

The s uga r s ,  D -g l uc o s e , D ­

a s s i mi l a t ed. O t h e r s uga r s  

and L - a r a b i n o s e. Or g a n i c  

a c i d s  a s s i m i l a t e d  i nc l u d e  s u c c i n i c  ac i d  a nd pyr uv i c  a c i d. 

S ug a r  a l c o h o l s  a s s i m i l a t e d  i nc l ud e  g l yc e r o l ,  r i b i t o l , D ­

ma n n i t o l  a nd D - g l uc i t o l. The g e n e r a t i on t i me f o r 

v e g e t a t i ve c e l l s  i s  1 3 5  mi n o n  s o l i d  YEP D ( ye a s t  e x t r a c t ,  

p e pt o ne , D - g l u c o s e ) med i um a t  3 0°C ( Ja me s  & Z a ha b ,  1 9 82 ) . 

B o t h  b i o t i n  and t h i a m i ne a r e  e s s e n t i a l v i ta m i n s  r e q u i r e d  

f o r  gr owth ( De l l we g  e t  a l . 1 9 8 4 ) .  

Ut i l i s a t i o n o f  D - xyl o s e  i nvo l ve s  t h e  i n t e r me d i a r y  

me t a b o l i s m o f  t h e  p e n t o s e  p h o s phate pa t h wa y ,  t h e  Embd e n ­

M e ye r h o f -Pa r na s  ( g l yc o l yt i c ) pathway and t h e  t r i ca r b o xy l i c  

a c i d  c yc l e  ( De bu s  e t  a l . ,  1 9 8 3 ;  La c h k e  & J e f f r i e s , 1 9 8 6 ;  

S l i n i n g e r  e t  a l . ,  1 9 8 7 ) . Entry o f  D - xy l o s e  i n t o  t he s e  

pa t h wa ys ha s n ow b e e n  d e t e r m i ned t o  o c c u r  b y  r ed uc t i o n o f  

D - x y l o s e  t o  xyl i t o l  a nd s u b s e qu e nt o x i da t i o n t o  D - xy l u l os e  

( Ma l e s z k a  e t  a l . ,  1 9 8 3 b ) . D - xyl u l o s e  i s  t h e n  
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p h o s p h o r y l a t ed t o  f or m  a k e y  i nt e r me d i a t e , D -

xyl u l o s e - 5 - p h o s pha t e . Va r i o u s  r e a c t i o n s , cata l ys e d  b y  

r i bu l os e p h o s pha t e - 3 - e p i me r a s e , r i b o s e ph o s pha t e  i s ome r a s e ,  

t r a n s a l d o l a s e  and t r a ns k e t o la s e  c onve r t  D - xyl u l o s e - 5 -

p h o s p h a t e  t o  D - g l yc e r a ld e hyd e - 3 - p h o s pha t e  a nd D - f r uc t o s e -

6 - p h o s p ha t e , wh i c h a r e  s u bs e que n t l y  f e r me nt e d  t o  e t ha n o l  

b y  t h e  g l yc o l yt i c  pat hway o r  u s e d  i n  r e s p i r a t i o n ( La c h k e & 

J e f f r i e s , 1 9 8 6 ,  S l i n i nge r e t  a l . ,  1 9 8 7 ) . T he s e  ma j o r 

me ta b o l i c  pat hways a r e  s h own i n  F i gu r e  1 .  

T he r e  i s  e v i d e nc e  f o r  t he e x i s t e nc e  o f  a D - xy l u l o s e - 5 -

p h o s p h a t e  p h o s ph o k e t o l a s e  i n  P .  t an n op h i l as ( Eva n s  & 

Ra t l e d ge , 1 9 8 4 ) . Th i s  e n z yme c a ta l ys e s  t h e  c o nv e r s i o n  o f  

D - xyl u l o s e - 5 - p h o s pha t e  t o  D - g l yc e r a l d e hyd e - 3 -p h o s ph a t e  a n d  

a c e t y l  p h o s p ha te . Howe ve r ,  mo s t  o f  t he x y l u l o s e - 5 -

p h o s pha t e  i s  t h o ught t o  e nt e r  t h e  p e n t o s e  p h o s ph a t e  

pa t hwa y  ( S l i n i ng e r ,  1 9 8 7 ) . 

B o t h  D - g l u c o s e  and D - xyl o s e  a r e  r e ad i l y f e r me n t e d  t o  

e t ha no l . G l yc e r o l  a nd D-ga l a c t o s e  have a l s o  b e e n  r e p o r t e d  

t o  b e  f e r me nt a b l e  t o  e t ha n o l  ( Ma l e s z k a  e t  a l . ,  1 9 82 ) . 

M o r e  e t ha n o l wa s p r od u c e d  f r om g l yce r o l  und e r  a e r o b i c  

c o nd i t i o n s  c o mpa r e d  t o  ana e r o b i c  c o nd i t i o n s  o f  gr o w t h . 

The ma x i mum e t ha n o l c o nc e n t r a t i o n f o und i n  YNB - g l yc e r o l  

( 0 . 6 7 %  ye a s t  n i t r o g e n  ba s e ,  2 0  g 1- 1 g l yc e r o l ) me d i um wa s 

4 . 0  g 1- 1 and 0 . 7 5 g l- 1 und e r  t h e s e  c o nd i t i o n s , 

r e s p e c t i ve l y .  A s i mi l a r  s i t uat i on wa s f o und w i t h  D -

ga l a c t o s e . Max i mum e t ha n o l  c o nc e ntr at i on s  we r e  0 . 3 g 1 - 1  

a nd 3 . 5  g l- 1 f r om 2 0  g 1-1 D - ga l a c t o s e  u nd e r  a e r o b i c  a n d  

a n o x i c  c o nd i t i o ns , r e s pe c t i ve l y .  Howe v e r ,  c o n s i d e r a b l y  

mo r e  e t ha n o l  wa s pr oduced a e r o b i ca l ly f r om t h i s  ca r b o n  



F i g . 1 P a t hwa ys o f  H e x o s e  and P e n t o s e  M e t ab o l i s m 
i n  Pachys o l en t a n n oph i l �s 

D - G l u c o s e  

1 H x k  
G k  

G- 6 -P D  
D - G l uc o s e - 6 -P��.---���D - G l ufo s e - 6 -P - l a c t o n e  

G l u c o na t e - 6 -P 

6 

D - Xy l o s e  1 XR 

Xy l i t o l  ! XD 

D -xy l u l o s e  

GL Y COL Y S I S  / 1 XK 

P G I  

D -R i bfl o s e - 5 -P �11111.--------tlilo .... D - Xyl u l o s:�:�:
P 

D - R i bo s e - 5 -P ------------------� 

o - F r u crs•- 6 -P 

D -Fr u c t o s e - 1 , 6 -D i P 

D i hydrJx ya c e t o n e - P  

l 
P yr uva t e  

l 
E t h a no l  + CO::z 

PENTO S E  P H O S P HATE 
P ATHWAY 

Acry l -P 

Ace ta t e  

D - G l yc e r a l d e hyd e - 3 -P 

TCA CYCLE 

! 
CO::z 

A b bre v i at i o n s  use d  f or e nz yme s : Hxk , h e x o k i na s e ; Gk , 
g l u c o k i na s e ; XR , xyl o s e  r e d u c ta s e  ( NADP H/NAD H -d e p e nd e nt ) ; 
X D , xyl i t o l  d e hyd r og e n a s e  ( NAD -d e pe nd e n t ) ;  P G I , 
p h o s p h o g l u c o s e  i s ome r a s e ; G- 6 -P D ,  g l uc o s e - 6 -ph o s p h a t e  
d e hyd r o g e na s e ;  X k , xyl u l o k i na s e ; X- 5 -P P , x yl u l o s e - 5 -
p h o s pha t e  p h o s p h ok e t o l a s e . 
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s o u r c e  b y  e mp l o y i ng c e l l  r e c yc l i ng a n d  a n  

c o n c e ntrat i o n o f  7 . 6  g 1 - 1  was a c h i e ve d . 

eth a n o l  

N e i t h e r  

g l yc e r o l  n o r  D -ga l a ct o s e  s upported ana e r ob i c  gr o wth . L e e  

e t  a l . ( 1 9 8 6 ) r e p o rted ma x i mum etha n o l  c o n c e nt r at i o n s  o f  

1 . 6  g 1 - 1  and 6 . 0  g 1 - 1  by a wi l d  type str a i n  i n  Y N B  

med i u m  s up p l e me nted with 4 0  g 1 - 1  c a r b o n  s o u r c e , f o r  the 

a e r o b i c  f e r me ntat i o n o f  D-ga l a ct o s e  a nd g l yc e r o l ,  

r e s pe ct i ve l y . 

T h e  ye a st Pachyso l en tann oph i l u.s ha s r e ce i ve d  much 

att e nt i on in r e c e nt yea r s , f o l l owi ng the d i s c ove r y  o f  i t s  

a b i l i ty t o  f e r me nt pe nt o s e  s uga r s  s u c h  a s  D - x y l o s e  t o  

etha n o l ( S c hn e i d e r  e t  al . , l 9 8 1 ;  S l i n i ng e r  e t  a l . ,  1 9 8 2 b ) . 

Pachys o l e n  t a n n oph i l u.s i s  o n e  o f  c ompa r at i ve l y  f e w  ye a st s  

a b l e  t o  pr o d u c e  a p p r e c i a b l e  amounts o f  etha n o l f r om D ­

xyl o s e  ( gr e ate r t h a n  1 g l - 1  ethano l  f r om 2 0  g l - 1  ( w/ v ) 

D - xy l o s e ) ( To i vo la e t  a l . ,  1 9 8 4 ) . 

I n  P achyso l en tan n op h i l u.s , the r e  i s  a l ag betwe e n  t h e  

c o mme n c e me nt o f  g r o wt h  and t h e  i n it i at i o n o f  e t ha n o l 

pr o d u ct i on ( d u P r e e z  e t  a l . ,  1 9 8 4 ) . S c h n e i d e r  e t  a l . 

( 1 9 8 5 ) f o und that t h e  f or mat i o n o f  etha n o l a nd othe r  e nd ­

pr o d ucts s uc h  a s  xyl i t o l , a r a b i t o l  and a c et i c  a c i d  f r om 

the f e r me ntat i o n  o f  D - xyl o s e  c o r r e l ated w i th the 

l i m i tat i on 

c o n s i d e r e d  

meta b o l i sm .  

o f  

t o  

gr o wth . H e n c e  the s e  

b e  the f o rmed a s  the r e s u lt 

pr o d ucts we r e  

o f  s e c o nd a r y  

Etha n o l  a ccumu lat i on d ur i ng bat c h  gr owt h  o n  

D - xyl o s e  was f ound t o  c o r r e l ate with a t r a n s i t i o n o f  the 

c u ltu r e  t o  a state of  d e c r e a s e d  oxyg e n  c on su mpt i o n 

( Ma hmour i d e s  e t  a l . ,  1 9 8 5 ) . Etha n o l  a c c u mu l at i o n thus 

o c c u r s d u r i ng l ate r stag e s  of  c e l l  g r o wth . 
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An e a r l y  d i s c ove r y  wa s the r e qu i r e ment f or l i m i t e d  o x ygen 

d u r ing the f e rmentat i on o f  D - xy l o s e  f o r  o pt i ma l  ethano l  

pr o d u ct i on .  S c hn e i d e r  e t  a l . ( 1 9 8 1 ) r ep o rt e d  ethano l  

y i e l d s  o bta ined d u r ing the f e r mentat i on o f  YN B-xy l o s e  ( 2 0  

g 1 - 1 ) c onta i n i ng 0 . 4 % c a s am i n o  a c i d s  by NRRL Y - 2 4 6 0 . 

Ae rat i on o f  the c u lt u r e  enhance d  a l c o h o l p r od uct i on ,  a 

max i mum ethan o l  c oncent r at i on o f  5 . 3  g l - 1  wa s o bta i n e d  

with ' s e m i -a e r o b i c ' c ond it i ons . L o w  ethan o l  

c oncentr at i ons ( l e s s  than 0 . 3  g l - 1 ) o c c u r r e d  und e r  ano x i c  

c ond i t i ons . S i m i l a r l y ,  Debus e t  a l . ( 1 9 8 3 ) f o und that 

' s e m i -ae r ob i c ' c ond i t i ons r e s u lted in o pt i ma l or n e a r  

o pt i ma l  p r o d uct i on o f  ethano l .  Alt h o ugh f e r mentat i on 

c o u l d  o c c u r  ana e r o b i ca l l y ,  l owe r amounts o f  ethano l  we r e  

pr o d u c ed ( 1 . 8  g 1- 1 ) f r om 2 7  g 1 - 1  D - xyl o s e . Unde r  t h e s e  

c ond i t i ons xyl i t o l  wa s a ma j or pr o d u ct ,  whe r e a s  und e r  

' s e m i -ae r ob i c ' c ond it i on s  l e s s  xyl i t o l and c o r r e s p ond i ng l y  

mo r e  ethan o l  ( 3 . 0  g 1 - 1  f r om 2 5  g 1- 1 D -x y l o s e ) wa s 

pr o d u c e d . 

In anot h e r  stud y ,  a e r at i on wa s f o und t o  inc r e a s e  the r at e  

o f  ethan o l p r o d uct i on f r om 2 0  g 1 - 1  D -xyl o s e  and t h e  y i e ld 

( 0 . 3 2 g ethan o l  pr o d u c e d  ( g  D - xy l o s e  c onsume d ) -· 1  wa s 

s l ight l y  h ighe r than that o bta i n e d  und e r  anae r o b i c  

c ond i t i on s  ( 0 . 2 8 g g- 1 ) ( De lgene s e t  a l . ,  1 9 8 6 ) .  T h e  

g r e ate r vo l umetr i c  p r o d u ct i v ity a c h i e ved w i t h  a e r at i on 

d e s cr i be d  a s  ' mi c r oa e r oph i l i c ' c ompa r e d  t o  ana e r ob i c  

c ond i t i ons , wa s attr i buted t o  the gr e ate r b i o ma s s  , s in c e  

t h e  s pe c i f i c  pr o d u ct i v i ty und e r  the s e  two c ond i t i ons was 

s i m i l a r . The vo l umetr i c  pr oduct i v ity was 1 . 5 4 g ethan o l  

l - 1  ( day ) - 1  und e r  ' mi c r oa e r o ph i l i c ' c ond i t i ons and 0 . 4 0 g 



e t hano l  1- 1 ( da y ) - 1 und e r  
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ana e r o b i c c ond i t i on s . T h e  

s p e c i f i c  p r o d uc t i v i t y  wa s 0 . 8 1 a n d  0 . 9 1 g e t han o l  ( g  d r y  

we i gh t  o f  c e l l s ) - 1 d a y- 1  und e r  t h e s e  t w o  c ond i t i on s , 

r e s pe c t i ve l y .  

D u r i ng f e r ment e r  s t ud i e s ,  Wat s on e t  al. ( 1 9 8 4 a )  f ound t ha t  

' s e m i -ana e r o b i c' c ond i t i on s  we r e  o p t i ma l  f or e t ha n o l  

p r o d u c t i on .  A l t ho ug h  t h e  gr e a t e s t  amount o f  e th an o l ( 2 . 9  

g 1 - 1  e t h an o l  f r om 1 0  g 1- 1 D - x y l o s e } wa s f o rmed a t  t h e  

l owe s t  o xyge n  t r an s f e r  r a t e  ( 0 . 0 5 mmo l 1- 1 ( h ) - 1 ) ,  t h e  

ma x i mum s pe c i f i c  e t hano l  p r o d uc t i v i ty ( 0 . 0 7 h - 1 } o c c u r r ed 

a t  an o xyge n  t r an s f e r  r a t e  b e t we en 0 . 0 9 and 1 . 1 8 mmo l 1- 1 

( h ) - 1 •  P o l yo l p r o d uc t i on d e c r e a s ed w i t h  inc r e a s ed 

a e r a t i on ,  i n  a gr e e me n t  w i t h  f in d i ngs b y  D e bu s  e t  al . 

( 1 9 8 3 ) ,  wh i l e t h e  c e l l  y i e ld i nc r e a s e d . 

A s im i l a r  d e pend ence o f  e t hano l  p r od u c t i on on a e r a t i on 

c ond i t i on s  wa s r e p o r t e d  b y  Mut z e  & Wand r e y  ( 1 9 8 3 ) d u r ing 

t h e  f e r menta t i on o f  D -x yl os e  in c on t i n uo u s  c u l tu r e . Und e r  

c ond i t i on s  o f  l i m i te d  a e r a t i on a l owe r c e l l  y i e l d  and a 

g r e a t e r  e t hano l  y i e l d was o bt a i ne d . L i g t h e l m  e t  al . 

( 1 9 8 8 } f o und t h a t  l o w  amo un t s  o f  o xygen h a d  l e s s  e f f e c t  on 

t h e  e f f i c i en c y  o f  D - x y l o s e  f e r menta t i on b u t  s t i mu l a t e d  t he 

r a t e  o f  p r o d u c t i on .  E t h an o l  y i e l d s  f r om 4 0  g 1- 1 D - xy l o s e  

we r e  0 . 2 6 ,  0 . 2 8 and 0 . 1 0 g e t hano l  ( g  D - x y l o s e  c on s u me d } - 1 

und e r  anae r o b i c ,  ' o xygen - l i m i t ed' and a e r o b i c  c ond i t i on s , 

r e s pe c t i ve l y. T h e  h ig he s t  s pe c i f i c  e th an o l  p r o d uc t i v i t y  

( 0 . 1 0 h - 1 } o c c u r r e d  unde r  ' o xygen- l i m i t e d' c ond i t i on s . 

Max i mum 

r a t e s  o f  

v o l ume t r i c  and s pe c i f i c 

0 . 2 2 g 1- 1 ( h ) - 1 and 0 . 0 7 

e th an o l  p r od u c t i on 

r e s pe c t i ve l y  

we r e  r e po r t e d  by du P r e e z  e t  al. ( 1 9 84 }  f r om 
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the f e r mentat i on o f  5 0  g 1 - 1 D - xy l o s e  w i t h  a e r at i on .  An 

ethano l y i e l d o f  0 . 2 8 g g- 1 was s i m i l a r  t o  that o bta ined 

by L igth e l m  e t.  a l . ( 1 9 8 8 ) . 

Comp l ete l y  a e r o b i c  cu ltura l c ond i t i ons have b e en f o und to 

be c ond u c i ve t o  ce l l  gr o wth but l i tt l e  o r  no ethano l 

p r o d uct i on ( De b u s  e t.  a l . ,  1 9 8 3 ;  Wats on e t.  a l . ,  1 9 8 4 a ;  

D e lgen e s  e t.  a l . ,  1 9 8 6 ) . 

Th i s  p h enomenon in wh i c h  l i mited amounts o f  o x ygen 

enhanc e s  f e r mentat i o n o f  D - xy l o s e  i s  c o mmon among ye a sts . 

O f  f i fte en ye a st s pec i e s  te sted in s e ven gen e r a  that c o u l d 

a s s i m i late D - xyl o s e  to ethano l ,  int r o d uct i on o f  a i r  int o  

the me d i a  enhanc e d  pr o d u ct i on in ye a st s  w i t h i n  s i x  gen e r a  

inc l ud ing P .  t.an n oph i l as ( Ma l e s z k a  & S c hne i d e r, 1 9 8 2 b ) . 

Gr o wth o f  P .  t.an n op h i l us i s  st i mu l ated by o xygen . 

S l i n inge r e t.  a l . ( 1 9 8 2 b )  f o und that , in the a b s ence o f  

oxygen , n o  ce l l  g r o wth o c c u r r ed ,  a lt h o ugh ethan o l  wa s 

p r o d u c e d . S i m i l a r l y ,  Ne i r i nc k  e t.  a l . ( 1 9 8 4 ) and d u  P r e e z  

e t.  a l . ( 1 9 8 4 ) f o u nd n o  gr o wth ana e r o b i ca l l y .  S ome gr o wth 

u nd e r  ana e r o b i c  c o nd it i o n s  wa s r e p o rt e d  by Debus e t.  a l . 

( 1 9 8 3 ) ,  wh i l e p o o r  g r o wth wa s f o und by L i gthe lm e t.  a l . 

( 1 9 8 8 ) . 

D i f f e r ent e x p l anat i o n s  have been s ugge s t e d  t o  e x p l a i n  the 

l a c k  of g r o wth a n a e r o b i ca l l y and the i mpr oved ethano l 

p r o d u ct i o n f r om D - xyl o s e  when a i r  h a s  a c c e s s  t o  the 

me d i um .  Debus e t.  al . ( 1 9 8 3 )  pr o p o s e d  that u nd e r  ana e r o b i c  

c ond i t i o n s  

t r a n s f e r r e d 

xyl i t o l  a cts a s  a s ink f o r 

f r om NADP H a n d  i s  n e c e s s a r y  

e l e ctr ons 

f o r  the 

r egene r at i on o f  NADP . Th i s  e x p l a i n e d  why mo r e  xyl i t o l  
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wa s a c c umu l ated u nd e r  ana e r ob i c  c o mpa r e d  t o  a e rob i c  

c o nd i t i o n s . The p o s s e s s i o n o f  a NADH - l i n k ed xy l o s e  

r e d ucta s e  has b e e n  s e e n  a s  the k ey t o  a na e rob i c  

f e r me ntat i o n ( Br u i ne n b e r g ,  1 9 8 4 ) . Meta b o l i s m  o f  D - xy l os e  

v i a  the NADH-d e p e nd e nt xyl o s e  r ed ucta s e  a l l e v i ate s the 

i mba l a n c e  o f  the NAD/NADH r e d o x  s yste m a n d  a n a e rob i c  

f e r me ntat i on i s  thus p e r m i tt e d. Y e a sts s uc h  a s  Pachy s o l en 

t a n n op h i l as and P i ch i a  s t i p i t i s ,  wh i c h p o s s e s s  NADH­

l i n k e d  a ct i v ity i n  add i t i o n  t o  NADP H - l i nk e d  x yl o s e  

r e d ucta s e  

g e n e r ated 

T h e  yeast 

a ct i v ity, c a n  r e cyc l e  a na e r o b i ca l l y the N ADH 

d u r i ng the o x i d at i o n o f  xyl i t o l  to D - x y l u l o s e . 

Can d i d a  a t i l i s  wh i c h  po s s e s s e s  o n l y  a NADP H-

d e p e nd e nt xyl o s e  r ed u cta s e  c a n  o n l y  pr o d u c e  etha n o l  f r om 

D - xy l o s e  u nd e r  a e r o b i c  c o n d i t i o n s . 

S u p p l e me ntat i on o f  D - xy l o s e  c o nta i n i ng me d i a  with l i p i d s  

s u c h  a s  e rg o ste r o l  a nd o l e i c  a c i d  wa s i ne f f e ct i ve i n  

e nh a n c i ng gr o wth u nd e r  a n ae r o b i c  c o nd i t i o n s  ( Ma l e s z k a  e t  

a l . ,  1 9 8 2 ) . Th i s  s ugge st s  that the r e qu i r e me nt o f  o xyge n  

f o r  gr o wth i n  P .  t a n n oph i l us i s  d i f f e r e nt f r om 

Saccharomyces s p . wh i ch 

me d i um i s  s up p l e me nted 

( Hu nte r & R o s e , 1 9 7 0 ) . 

g r ow a na e r ob i ca l l y whe n  the 

with the s e  u n s aturate d l i p i d s  

F u n ct i o na l  m i to c h o ndr i a  a r e  e s s e nt i a l  f o r  the gr owt h  o f  

P .  t a nn oph i l us a nd th i s  c o u l d  e x p l a i n  the d e pe nd e n c e  o f  

gr o wt h  o n  o xyge n .  Ne i r i nc k  e t  a l . ( 1 9 8 4 ) f ound t hat 

n o r ma l l y f u n ct i o n i ng m i t o c h ondr i a  we r e  ne c e s s a r y  

i nc o r porat i on o f  D - x y l o s e  and D -g l u c o s e  

tr i ch l o r a c et i c  a c i d - i ns o l ub l e  mate r i a l . Oxyg e n  

f o r  

i nt o  

wa s 

r e qu i r e d f o r the c hanne l l i ng o f  cata b o l i t e  i nte r med i ate s 
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i nt o  b i os ynthet i c  r oute s . Thr e e  e nzyme s a s s oc i at e d  w it h  

the cata bo l i s m  o f  D - x y l o s e ,  xyl o s e  r e d uctas e ,  x y l i t o l  

d e hyd r og e n a s e  a n d  xyl u l os e  k i na s e  r e qu i r ed o xyge n f or 

i nd u ct i on by D - xyl o s e . 

B ot h  pH a nd tempe r atur e i n f l ue n c e  the f e r me ntat i on o f  D ­

xyl os e . O pt i ma l  gr o wth wa s f o und t o  o c c ur a t  pH 4 . 8  

( De bu s  e t  a l . ,  1 9 8 3 ) ,  whe r ea s  a l owe r pH o f  2 . 5  f a v o r ed 

o pt i ma l etha n o l  p r o d u ct i o n  ( S l i n i nger e t  a l . ,  1 9 8 2 b ) . 

D e k k e r  ( 1 9 8 2 ) r e p o rted etha n o l  pr oduct i o n at pH 2 . 5 0 - 2 . 7 5 

but n o  gr o wth o c c u r r e d  whe n the i n it i a l  pH o f  the me d i um 

was l e s s  than 3 . 0 .  T he r e f or e  h ig h e r  pH va l ue s  than the 

o pt i mum for etha n o l  pr o d u ct i on are r e qu i r e d  to i n i t i ate 

gr o wt h . Opt i ma l  gr o wt h  wa s f ou nd t o  o c c u r  at 3 l° C  ( De bu s  

e t  a l . , 1 9 8 3 ) o r  3 2 ° C  ( S l i n i nger e t  a l . ,  1 9 8 2 b ) , wh i l e 

3 2 ° C  was o pt i ma l  f or etha n o l  pr o d u ct i o n ( S l i n i ng e r  e t  a l . ,  

1 9 8 2 b ;  D e b u s , 1 9 8 3 ) . 

T h e  etha n o l 

c o ns i d e r a b l y 

t o l e r a n c e  o f  Pachys o l en 

l e s s  i n  c ompa r i s o n  to a 

tan n op h i l as 

yea st s uc h  

i s  

a s  

Saccha �omyces ce�e v i s i ae; r e l at i ve l y  l ow c on c e ntrat i o n s  o f  

etha n o l has be e n  f ound t o  i nh i b i t D-xyl o s e  f e r me ntat i o n . 

S l i n i nge r e t  a l . 

xyl o s e  u pta k e  

( 1 9 8 2 b ) o b s e rved s e ve r e  i nh i b it i o n o f  D ­

a t  etha n o l c o n c e ntrat i o ns a s  l ow a s  

1 9  g l - 1 •  T h e  rate o f  pr o d u ct i on o f  etha n o l  f r om D - xy l o s e  

wa s r ed u c e d  b y  add i t i o n  o f  etha n o l  a t  c o n c e ntrat i o n s  e qua l 

o r  gr e at e r  than 2 4  g 1-1 ( Wats o n  e t  a l . 1 9 8 4 b ) . 
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1 . 3  F e r me ntat i on o f  Hyd r o 1 ysat e s 

Hyd r o 1 ys ate s s u c h  a s  p l a nt hyd r o l ysate s a n d  waste l i qu o r s  

f r om p u l p  and pa p e r  p r o ce s s i ng ,  d e r i ve d  f r om r e n e wa b l e  

b i o ma s s , s h o w  c o ns i d e r a b l e  p ote nt i a l  f o r  p r o d u ct i o n  o f  

etha n o l . T h e  a b i l ity o f  a yeast s u c h  a s  P .  t a n n o p hi l a s  

t o  f e r me nt D - xy l o s e  i s  o f  pa rt i c u l a r  i mp o rta n c e , s i nc e  

th i s  s ugar i s  a bundant l y  pr e s e nt i n  ma ny hydr o l ys ate s a nd 

c o mpr i s e s  f o r  e xamp l e , 2 9 . 5% o f  the s uga r s  i n  s uga r c a n e  

baga s s e  ( Ts a o  e t  a l . ,  1 9 8 2 ) a n d  appr o x i mate l y  3 0 %  o f  a 

h a r d wo od hyd r o l ys ate ( De ve r e l l ,  1 9 8 3 ) . 

S uc c e s s f u l  f e r me ntat i o n o f  a hem i c e l l u l o s e  s ubstr at e  

p r e pa r e d  by a l ka l i  d e l ign i f i cat i o n o f  whe at s t r a w ,  

f o l l owed by a c i d  hyd r o l ys i s  t o  y i e l d  D - xy l o s e , wa s 

r e p o r ted by D etr o y  e t  a l . ,  1 9 8 2 . P r od u ct i o n o f  eth a n o l  

wa s 8 . 2  g 1 - 1 f r om 4 6  g 1 - 1  D-xyl o s e  i n  4 d a ys . 

Wo od hyd r o l ys ate s p r e pa r e d by d i l ute hyd r o l ys i s we r e  batc h 

f e r me nt e d  t o  etha n o l  ( Deve r e l l ,  1 9 8 3 ) . A s o ftwo od Pin a s  

rad i a ta hyd r o l ys at e  wa s f e r me nted with S .  cere v i s i ae a nd 

the ' be e r ' c o ns i st i ng o f  u n f e r me nted s uga r s  s uc h  a s  D ­

xyl o s e  a nd D-ga l a ct o s e  s u b s e q u e nt l y  f e r me nted w i t h  P .  

t a n n op h i l as .  Etha n o l  y i e l d wa s 0 . 3 3 g etha n o l  ( g  s uga r 

c o n s umed ) - 1 and r e p r e s e nted a 9 %  i nc r e a s e  i n  etha n o l  

pr o d u ct i o n a bove that a c h i eved b y  u s i ng S .  cere visiae 

a l o n e . The y i e l d  f r om a ha r d wo o d  hyd r o l ys ate c o nta i n i ng 

p r e d o m i nate l y  D - x y l o s e  a nd D -g l u c o s e  wa s 0 . 4 3 g etha n o l  

( g  s uga r ) - 1 • The f e r me ntat i o n  wa s c o mp l et e  w i t h i n  3 5  h r . 
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Un f or t unat e ly ,  hyd r o lysate s may c o nta i n  c ompo u n d s  t ha t  a r e  

p o t e n t i a l l y i n h i b i t o r y  t o  f e r me ntat i on . T o x i c  c ompo un d s  

pr e s e nt i n  a c i d  hyd r o l ys a t e s  o f  w o o d  i nc l ud e  f u r f ur a l ,  5 -

hyd r o xymethyl f u r f ur a l ,  o rga n i c  a c i d s  s u c h  a s  l e vu l i n i c  

a n d  f or m i c  a c i d  a n d  phe n o l i c  c ompo u n d s  ( C l a r k  & Ma c k i e ,  

1 9 8 4 ;  Wa t s o n  e t  al . ,  1 9 8 4 b ) . Fur f ur a l  a nd l i gn i n  i n  whe a t  

s tr a w  hyd r o l ys a te s  i nh i b i te d  f e r me n ta t i o n ( De t r oy e t  al . ,  

1 9 8 2 ) .  T h e  t o x i c  l e ve l  o f  f u r f u r a l wa s 2 . 5 - 3 . 0  g 1 - 1  b u t  

c e l l  gr owt h a nd D-xyl o s e  ut i l i sa t i on wa s adve r s e l y 

a f f e c te d  a t  s ub-to x i c  l e ve l s . 

F e r me nta t i on o f  h e mi c e l l u l o s e  hyd r o l ys a t e s  pr e pa r e d  f r om 

s uga r c a n e  was i nh i b i ted by f a cto r s  pr e s e n t  ( Wats o n  e t  al . 

1 9 8 4 b ) . Ace t i c  a c i d  a nd f u r f u r a l a t  c o n c e n t r a t i on s  o f  

0 . 3  a nd 7 . 0  g 1 - 1  r e s p e ct i ve l y,  i nh i b i te d  f e r me ntat i o n  o f  

D - xy l o se whe n  a d d e d  t o  synthet i c  med i um ( Wats o n  e t  al . ,  

1 9 8 4 b ) . The s e  l e ve l s  we r e  s i mi l a r  t o  t h o s e  pr e s e nt i n  a n  

a c i d  h yd r o l ys e d  bagas s e . Me ta l s  s u c h  a s  i r o n ,  c h r o m i um ,  

n i c k e l a nd c o pp e r  we r e  a l s o  i nh i b i t o r y  b ut b o t h  the s e  

c o mp o n e nt s  and t h e  a ce t i c  a c i d  and f ur f u r a l  c o u l d  b e  

r emoved b y  tr e a t i ng t h e  hyd r o lys a t e s  w i th i o n - e x c h a nge 

r e s i n  p r i or to f e r me n t a t i o n .  F e r me n ta t i on o f  the 

hyd r o l ys ate wa s the n  p o s s i b l e , 4 . 1  g l - 1  etha no l b e i ng 

p r o d u c e d  i n  1 4  days w i t h  a y i e ld o f  0 . 3 1 g e t h a n o l ( g  

s uga r c o ns umed ) - 1 • Anothe r hyd r o l ys a t e  c o nta i ne d  l e s s  

t o x i c  c o mp o n e n t s  a nd wa s mor e  f e r me n ta b l e , b ut etha n o l  

p r o d uc t i o n wa s e nh a n c e d  b y  tr e atme nt wi t h  t he i o n - e x c h a nge 

r e s i n .  Although D -g l u c o s e  wa s u t i l i s e d  r a p i d l y  i n  the s e  

hyd r o l ys ate s ,  D - xyl o s e  ut i l i s at i o n wa s 

a p pr e c i a b l e  amoun t s  r e ma i ne d  a fter 2 0  days . 

s l o we r and 
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T h e  method e mp l oyed f or the p r e pa r at i on of hyd r o l ys at e s  

c a n  d ete r m i n e  its f e r me nta b i l i ty . A D - xy l o s e  r i c h  wheat 

straw hyd r o l ys ate wa s p r e p a r e d  by tr e atme nt with 1 N 

tr i f l u o r o a c et i c  a c i d  ( Fa nta e t.  a l . ,  1 9 8 4 ) a nd was r e a d i l y 

f e r me nt e d by Pachys o l en t.annoph i l as . N o  p r e -t r e atme nt o f  

the h yd r o l ys ate wa s r e q u i r ed othe r  tha n  r e mo va l  o f  the 

tr i f l uo r o a c et i c  a c i d  and i nh i b it o r s  s uc h  as f u r f u r a l  and 

l ign i n  we r e  p r e s e nt o n l y  at l ow c o n c e ntrat i o n s . 

2 .  IMPROVEMENT O F  D - XYLOSE FERMENTAT ION 

2 . 1  P r o c e s s  C o ntr o l  

Etha n o l pr o d u ct i on rat e s  f r om D - x y l o s e  have b e e n  

e n ha n c e d  b y  pe r f o rm i ng the f e rme ntat i on with r e cyc l e d  

c e l l s  i n  s us pe ns i on c u ltu r e s  o r  i mmo b i l i s i ng t h e  c e l l s  i n  

ca l c i um a lg i nate ge l s  ( Ma l e s z k a  e t.  a l . ,  1 9 8 1 ) . A ma x i mum 

etha n o l c o n c e ntr at i on of  7 . 2  g 1- 1 at 3 0° C  a nd 7 . 9  g 1 - 1 

at 3 7 ° C  f r om 2 0  g 1 - 1  D - xyl o s e  wa s o bta i ne d  u nd e r  ' s e m i  

a e r ob i c' c ond i t i on s  a nd we r e  i mpr oveme nts o v e r  p r e v i o u s l y  

o bta i ne d  va l ue s  o f  5 . 3  g 1 - 1  ( Sc h n e i d e r  e t.  a l . ,  1 9 8 1 ) . 

C o nt i nu o u s  a e rat i o n o f  the c u ltur e s  wa s n ot r e q u i r e d  i n  

o r d e r  t o  a c h i eve the s e  va l ue s  d u r i ng the f e r me ntat i o n  o f  

D -xyl o s e  by e ithe r  r e cyc l e d  o r  i mmob i l i s e d  c e l l s  ( Ma l e s zk a  

e t.  a l . ,  1 9 8 1 ) . 

Ce l l s e nt r a pped i n  ca l c i um a lg i nate b e a d s  have b e e n  

s uc ce s s f u l l y u s e d  f o r  c o nt i n u o u s  f e r me ntat i o n  o f  D - xy l o s e  

at h igh c e l l  d e n s i ty ( S l i n i nge r e t.  a l . ,  1 9 8 2a ) . 

S u bstrate l e ve l s i n f l ue nc e d  the s p e c i f i c p r o d u ct i o n rate 

and wa s o pt i ma l  at betwe e n  2 8  and 3 5  g D - xyl o s e  1-1 • 
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H o we v e r  the o pt i ma l  y i e ld o c c u r r ed at a l owe r s ub st r at e  

c onc entrat i on than th i s . T h e y  c onc l u d e d  that a c o mpr om i s e  

i n  o p e r at i ng c ond i t i ons was r e qu i r ed t o  a c h i e ve a ba lan c e  

betwe en o pt i ma l  rate o f  ethan o l  pr o d u ct i on and y i e ld . 

J e f f r i e s  e t  al . ( 1 9 8 5 )  r e ported an i mpr o v e d  

o f  ethano l  f r o m  D - xyl o s e  by the p e r i od i c 

a e r o b i c  y i e ld 

add i t i on o f  

s ma l l  amounts o f  D -g l u c o s e  ( 5 . 0  g l - 1 ) t o  the D - xy l o s e  

( 3 0 g l - 1 ) f e r mentat i on .  Y i e ld s  inc r e a s e d  f r om 2 8  g g- 1 

t o  0 . 4 1 g ( g  D-xy1 o s e  c on s umed ) - 1 •  T h i s  may have been 

d u e  t o  a C r a btr e e  e f f e ct in wh i c h  D-g l u c o s e  inh ib i t s  

r e s p i r at i on and the o x i d at i on o f  ethano l .  

P e r i o d i c  add i t i on o f  a c e l l u l o s e  hyd r o l ys at e  t o  a h a r d w o o d  

h e mi c e l l u l os e  hyd r o l ys at e  ( Be c k , 1 9 8 6 ) p r o d u c e d  gr e ate r 

y i e l d s  o f  ethan o l  c o mpa r ed t o  the batc h f e r mentat i on o f  

e i t h e r  hyd r o l ys ate a l on e  o r  a m i xtur e  o f  t h e  two . 

o f  0 . 4 0 g ( g  s uga r ) - 1 we r e  a c h i e ve d . 

Y i e ld s  

T h e  i mp o rtance o f  c ontr o l  o f  o xyge n  d u r i ng t h e  

f e r me ntat i on f o r  ma x i mum ethan o l p r o d u ct i v i ty and o pt i ma l  

ethan o l  y i e ld ha s a l r eady be en d i s c u s s e d . 

T h e  inh i b i t o r y  e f f e ct o f  ethano l on D - xyl o s e  f e r mentat i on 

h a s  b e e n  ove r c ome by i n  s i tu. r emova l o f  ethano l  ( Ch ung & 

L e e ,  1 9 8 5 ) . Dur ing f e r mentat i on ,  ethan o l  wa s a b s o r b e d  b y  

c i r c u l a t i on o f  t h e  br oth thr o ug h  a c o l umn o f  hydr o p ho b i c  

s i l i ca l ite . F e r mentat i on r ate s we r e  i mp r o ve d , pr i ma r i l y 

d u e  t o  the h i gh e r  gr o wth r ate s and c e l l  

o bta i n e d . T h e  inh i b i t o r y  e f f e ct o f  

hyd r o l ys at e s  have b e en ove r c ome by p r i or 

c once nt r at i on s  

c o mp o unds i n  

t r e atment w i t h  

i on - e x c hange r e s ins ( Wats on e t  al . ,  1 9 8 4 b ) o r  b y  s e l e ct i on 
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o f  s u i ta b l e  p r e pa r at o r y  p r o c e d ur e s , a s  a l r e a d y  d i s c u s s e d . 

A n o ve l a p p r o a c h  to the i mpr oveme nt o f  D - xy l o s e  

f e r me ntat i on i nvo l ve d  the add i t i on o f  a ce t o n e , a hyd r o g e n ­

a c c e pt i ng c ompo u nd , t o  the f e r me ntat i on o f  D - xy l os e  

( Al e xa nd e r ,  1 9 8 6 ) .  I nc r e a s e s  i n  ethano l  y i e l d s  o f  5 0 - 7 0 % ,  

t ogethe r  w i th a d e c r e a s e  i n  xyl ito l y i e ld we r e  o bta i ne d . 

T h e  c onve r s i on o f  a c et o n e  t o  2 - pr o pa n o l  was t h o ught t o  

p r o v i d e  NAD f o r  xyl ito l d e hyd r oge na s e  a nd h e n c e  o v e r c o me 

t h e  i mba l a n c e  o f  c e l l u l a r  NAD/NADH . 

2 . 2  Genet i c  Ma n i pu lat i o n 

Alth o ugh P .  tan n ophilas i s  str o ng l y  h o motha l l i c  w i t h  a 

p r e d o m i nate l y  ha p l o i d  pha s e , po l yp l o i d  a nd a n e up l o i d s  have 

b e e n  d e ve l o p e d  ( Jame s  & Z a ha b ,  1 9 8 2 ,  1 9 8 3 ) . T h e  

s uc c e s s f u l  mat i ng o f  hap l o i d to d i p l o i d  stra i ns a nd 

d i p l o i ds t o  d i p l o i d s  wa s pos s i b l e  d u e  t o  the a bs e nc e  o f  

sta b l e  mat i ng type s . Tr i p l o i d s , a n e up l o i d s  a n d  a 

t e ntat i v e  tetr a p l o i d  we r e  p r o d u c e d  and c on f i r me d  b y  t e t r a d  

a n a l ys i s . T h e s e  stra i n s  we r e  s u b j e cted t o  f e rme ntat i on 

t r i a l s  ( Ma l e s z k a  et al. , 1 9 8 3a ) . P o l yp l o i d s  gave b ot h  

i nc r e a s ed rates a nd y i e l d s  o f  etha n o l  p r o d uct i on f r om D ­

x y l o s e . T h e  l a rge st i nc r e a s e  wa s f o und b e twe e n  d i p l o i d s  

a nd h a p l o i d s . The h ig h e st etha n o l y i e l d  was 8 3 . 3 % o f  the 

t h e o r et i ca l  max i mum by a pr o ba b l e  tetr a p l o i d o n  2 0  g 1-1 

D - xyl o s e  i n  YNB med i a e mp l o y i ng c e l l - r e c yc l i ng ( Ma l e s zk a  

e t  al. , 1 9 8 1 ) . Th i s  r e pr e s e nted a n  i mp r o v e me nt o f  14 . 2 % 

o v e r the w i l d  type stra i n . The rate o f  etha n o l p r o d u c t i on 

f r om D - xy l o s e  i nc r e a s ed with c h r omos ome n umbe r ,  a n  

a n e up l o i d a nd the pr o ba b l e  tetrap l o i d p r o d uc i ng e t ha n o l  
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1 . 8 7 a nd 1 . 8 3 t i me s  f aste r tha n the wi l d  type , 

r e s pe ct i ve l y .  A s i mi l a r  i nc r e a s e  i n  etha n o l  pr o d u ct i o n 

r ate f r om D -g l uc o s e  with i nc r e a s e d  p l o i d y  wa s f o und . In 

ge n e r a l ,  l e s s  xyl i t o l was pr o d u c e d  b y  d i p l o i d s  and 

p o l yp l o i d s  c o mpa r ed t o  ha p l o i d s . 

N e i r i nc k  e t  al . ( 1 9 8 2 ) s e l e cted f or mut a nt s  w i t h  e l e vated 

g r o wth r ate s on D -ga l a cto s e . Impr oved etha n o l y i e l d s  we r e  

o bta i ne d  d u r i ng the f e r me ntat i on o f  s i mu l at e d  s o ftwo o d  a nd 

ha r d wo o d  s p e nt s u l ph i te l i qu o r s  a nd a h a r d b o a r d  m i l l  

e f f l ue nt c o nta i n i ng a var i ety o f  

ma n n os e ,  D - xyl o s e , D-ga l a ctose a nd 

y i e ld s  f o r  the w i l d  type r a nged 

s uga r s  i nc l ud i ng D ­

O-g l uc o s e .  Eth a n o l  

f r om 7 7 - 8 4 % o f  t h e  

the o r et i ca l  ma x i mum, va l ue s  f o r  t h e  muta nt we r e  8 3 - 9 0 % . 

P a rt o f  the i ne f f i c i e ncy o f  etha n o l pr o d uct i o n f r om D ­

xyl o s e  i s  d u e  t o  the c o nc u r r e nt ut i l i s at i o n  o f  etha n o l i n  

the pr e s e n c e  o f  D - xy l o s e  ( Ma l e s zka & S c h n e i d e r , 1 9 8 2a ) . 

T h e  rate o f  c o ns umpt i o n o f  etha n o l  i nc r e a s e d  w i th 

i nc r e a s e d  a e r at i on o f  c u ltur e s . I n  YNB- x y l o s e  ( 2 0 g l-1 ) ,  

the amount o f  etha n o l  c o n s umed und e r  ' s e m i -ae r o b i c' 

c o nd i t i o n s  was c a l c u l ated t o  be at l ea st 9 . 8 % o f  that 

pr o d u c e d . As a r e s u lt o f  metab o l i s m  o f  etha n o l to c e l l  

ma s s  a nd a c etate , etha n o l  c o n c e ntr at i on s  i n  the a e r o b i c  D ­

xyl o s e  f e r me ntat i o n s  typ i ca l l y p e a k  a nd the n  d e c l i ne 

( S l i n i ng e r  e t  al . ,  1 9 8 7 ) . 

Muta nts d e f e ct i ve f o r g r o wth o n  etha n o l  we r e  o bta i ne d  by 

UV mutage n e s i s  ( Le e  e t  al . ,  1 9 8 6 ) . E l e v e n  i nd e pe nd e nt 

muta nt l o c i c o n f e r r i ng the etha n o l  d e f e ct i ve p h e n otype 

we r e  i d e nt i f i e d ;  th r e e  o f  the s e  pr o d u c e d  g r e ate r amo u nts 
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a nd y i e l d s  o f  etha n o l , a nd at a f a ste r r ate , than the w i ld 

type . T h e  max i mum etha n o l  c o nc e ntr at i on p r o d u c e d  by the 

muta nts d u r i ng the f e r me ntat i on o f  4 0  g 1- 1 D -xyl o s e  i n  

YNB wa s 1 . 5  t i me s  the wi l d  type va l ue . Muta nts e th 2 - l  

a nd e th l l - 1  sap pr o d u c e d  0 . 2 5 g etha n o l  ( g  xyl o s e ) - 1 

c ompa r e d  t o  0 . 1 6 g g- 1 f or the w i l d  type str a i n . T h e s e  

muta nts a c c umu l ated a c et i c  a c i d  dur i ng t h e  f e r me ntat i o n  o f  

D - x yl os e . T h e  b i o c he m i ca l  l e s i on i n  t h e  e t h 2 - 1  muta nt 

c o n f e r r ed a d e f e ct i n  the ma l ate d e hyd r og e n a s e  e n zyme . 

Mut a nt stra i ns wh i ch a cc umu l ated etha n o l at a f aste r r ate 

a nd i n  g r e ate r y i e ld than the wi ld type Y- 2 4 6 0  s t r a i n ,  

have be e n  i s o l ated b y  UV mutage n e s i s ,  e nr i c hme nt i n  

n i t r ate br oth a nd s e l e ct i o n  f o r  ra p i d  g r o wth i n  n i t r ate 

med i um ( J e f f r i e s ,  1 9 8 4 ) . The r at i o na l e  b e h i nd u s i ng 

e n r i c hme nt i n  n i tr ate br oth wa s ba s e d  o n  the o b s e r vat i on 

that gr o wt h  o n  n i trate st i mu l ated pr o d u ct i on o f  e n zyme s o f  

the pe nt o s e  p h o s phate pathwa y ,  p r o ba b l y d u e  t o  a 

r e qu i r e me nt o f  n i trate r ed u ct i on f or N ADP H . Muta nt 

stra i ns c a pa b l e  o f  f a ste r gr o wth o n  n i t r ate s ho u l d  p o s s e s s  

h ig h e r  l e v e l s  o f  p e nt o s e  p h o s phate path wa y  e n zyme s a nd 

s ho w  i mpr oved f e r me ntat i o n o f  D - xyl o s e . P r e v i o u s l y  

n it r at e  wa s s h o wn t o  st i mu late a e r o b i c  pr o d u ct i o n o f  

etha n o l f r om D-xy l o s e  ( Je f f r i e s . ,  1 9 8 3 ) . Und e r  a n ae r o b i c  

c o nd it i o n s , n itr ate i nh i b ited the pr o d u ct i on o f  eth a n o l  

f r om both D-xyl o s e  and D-g l uc o s e . 

Und e r  a e r o b i c  c ond i t i o n s , the pa r e nta l str a i ns pr o d u c e d  

0 . 1 9 g etha n o l  ( g  xyl o s e ) - 1 c o n s umed f r om 4 5  g 1-1 D­

x y l o s e  , wh i l e the s i x  b e st muta nts pr o d u c e d  0 . 2 5 g g- 1 •  

Und e r  a na e r ob i c  c o nd i t i o n s , etha n o l  y i e l d s  we r e  s i m i l a r  to 
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the pa r e nta l stra i n ,  but s pe c i f i c f e r me ntat i on r ate s we r e  

5 0 % h i gh e r. 

E nzyme a na l ys e s  c o nd u cted o n  the s e  muta nts s h owed that the 

b e st etha n o l  p r od uc e r s  had the h ig h e s t  r at i os of  NADH to 

NADPH - l i n k e d  xyl o s e  r e d u cta s e. In g e n e r a l ,  the mut a nt s  

had h ighe r l e ve l s o f  p e nt o s e  phos phate pathwa y  a nd oth e r  

e nzyme s i nc l ud i ng xyl o s e  r ed ucta s e , xyl i t o l  

d e hyd r oge na s e , g l u c o s e - 6 - p h o s phate d e hyd r og e na s e , D ­

x y l u l o k i na s e , D - xy l u l o s e - 5 -p h o s ph o k et o l a s e  a nd a l c o h o l  

d e hyd r og e n a s e  ( La c h k e  & J e f f r i e s ,  1 9 8 6 ) . 

T h e  p r o p e rt i e s  i nh e r e nt i n  the e th 2 -l a nd N03 -N03 - 4  

mutants we r e  c omb i ne d  by c r o s s -mat i ng a n d  s e l e ct i ng f o r  

hybr i d s  ( Cl a r k  e t  a l . ,  1 9 8 6 ) .  The p r oge n y  s h owed i mpr o v e d  

D - xyl o s e  f e r me ntat i o n capa b i l it i e s , the m o s t  s ig n f i cant 

b e i ng a r ed u c e d  te nd e n c y  t o  o x i d i s e  t h e  etha n o l  f or me d  

d u r i ng the f e r me ntat i o n. The hybr i d i s at i o n o f  the s e  

mutants was part o f  the P h.D. stud i e s a n d  i s  d i s c u s s e d  i n  

th i s  the s i s . 

T he a b i l ity t o  f l o c c u l ate wa s i nd u c e d  i n  P .  t a n n oph i l u.s 

NRRL Y - 2 4 6 1  with a c o nt i nu o u s  towe r  f e r me nte r ( De ve r e l l  & 

C l a r k , 1 9 8 5 ) .  At l ow a e r at i on r ate s , f l o c c u l at i on 

o c c u r r e d  a nd a c e l l  c o n c e ntrat i on o f  1 6  X wa s a c h e i ve d  i n  

the f e r me nt e r. Th i s  i nd u c e d  f l oc cu l e nc e  i n  t h e  f e r me nt e r  

ma y b e  d ue to s e l e ct i on o f  a f l oc c u l e nt muta nt o r  be a 

p hys i o l og i ca l  r e s p o n s e  to the e nv i r onme nta l c o nd i t i o n s  

i mpo s e d . Wo r k  d o ne at Mas s e y  Un i ve r s ity ( Ne i l  We d l o c k , 

u np u b l i s he d  r e s u lt s ) s ugge sted that f l oc c u l at i on i n  t h i s  

muta nt was und e r  the c o ntr o l  o f  at l e a st o n e  g e ne. 
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Pachysolen tan n op h i las h a s  b e e n  ma n i p u l at e d  t o  e n ha n c e  

p r o d uct i o n  o f  p r od ucts oth e r  than etha n o l .  Two muta nts 

wh i c h p r o d u c e d  g r e a t e r  a mo u nts o f  a c et i c  a c i d  f r om D ­

x y l o s e  we r e  o bta i ne d  by U V  mutag e n e s i s  a n d  s c r e e n i ng f o r  

i na b i l ity t o  gr o w  o n  pyr u vate ( Ma hmo ur i d e s  et al . 1 9 8 3 ) .  

T h e  i mp r o ve me nt o f  D - xy l o s e  f e r me ntat i o n f o r  etha n o l  a nd 

oth e r  d e s i r a b l e_ pr o du ct s  b y  g e n e t i c  ma n i pu l at i on h o l d s  

c o n s i d e r a b l e  pr o mi s e . F o r  e xamp l e , s e l e ct i o n o f  e t ha n o l 

t o l e r a nt mutants c o u l d  a l l e v i at e  t h e  pr o b l em o f  i nh i b it i on 

b y  t h i s  p r o d uct . T h e  u s e  o f  cata b o l i t e  r e pr e s s i o n 

r e s i st a nt mutants c o u l d  o v e r c o me the p r o b l e m  o f  h e x o s e  

r e pr e s s i o n  o f  D - xy l o s e  ut i l i sa t i o n . 

3 B IOCHE M I S TR Y  O F  P .  T RNNOPHILUS 

The two e nz yme s in the x y l o s e  cata b o l i c  pathwa y ,  x y l o s e  

r e d u cta s e  a n d  xyl i t o l  d e hyd r og e na s e  have r e c e i ve d  

a tt e nt i on ,  s i n c e  NADP H - l i n k e d  D - xy l o s e  r e du cta s e  a nd NAD­

d e pe nd e nt xyl i t o l  d e h yd r oge na s e  we r e  f i r st d e mo n st r a t e d  

i n  c e l l - f r e e  e xt r a ct s  o f  P .  tan n op h i las ( Sm i l e y  a n d  B o l e n  

( 1 9 8 2 ) .  B ot h  x y l o s e  r ed u cta s e  a n d  xyl i t o l  d e hyd r og e n a s e  

h a v e  be e n  p ur i f i e d  a n d  c h a ra cte r i s ed . 

A N ADPH s p e c i f i c  x y l o s e  r ed u cta s e  w i t h  a mo l e c u l a r  we i ght 

o f  3 5 , 0 0 0  - 4 0 , 0 0 0  d a lt o n s , was p u r i f i e d  b y  D it z e l mu l l e r  

e t  al. ( 1 9 84a ) .  T h e  r e d u ct i on o f  D -xyl o s e  wa s i nh i b i t e d  b y  

NADP a nd t h e  'a nab o l i c r e d u ct i on c h a rge' ( NADP H / N ADP + 

NADP H ) .  T h e  k m  va l u e  f o r D - xy l o s e  wa s d e te rm i n e d  a s  1 6 2  

mM .  At phys i o l og i ca l  p H ,  t h e  e qu i l i b r i um f o r  the 
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xyl i to l . 

o f  D -xyl o s e  favou r e d  the a c c umu l at i on 
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o f  

D it z e l mo l l e r  et a l  ( 1 9 8 5 ) r e p o rt e d  t h e  e x i ste n c e  o f  two 

s e pa r ate xy l o s e  r e d ucta s e  e n zyme s ,  o n e  NADP H - s pe c i f i c  a nd 

the oth e r  NAD H - s pe c i f i c . The s e  we r e  c o nve n i e nt l y  

s e pa r at e d  f r om e a c h  othe r  b y  i o n - e x c h a nge c h r o mat og r a phy 

or c h r o mato f o c u s i ng .  

Ve r d uy n  e t  a l . ( 1 9 8 5 ) i s o l ated a nd part i a l ly p u r i f i e d  two 

xyl o s e  r e d ucta s e s ,  e n zyme A e xh i b i t i ng a ct i v i ty with b oth 

N ADP H a nd NADH c o f a ctor and e nzyme B s p e c i f i c  f or N AD PH .  

E nzyme A had gr e ate r a f f i n ity f o r  D - xyl o s e  w i t h  K m  va l ue s  

o f  1 2 . 5  a nd 1 4 . 0  whe n  NADH and N AD P H  we r e  u s e d  a s  the 

c o f a c t o r , r e s pe ct i ve l y .  Enzyme B wa s s i m i l a r  t o  that 

r e po r t e d  by D i tze lmo l l e r  e t  a l . ( 1 9 8 4 a ) ,  w i t h  l owe r 

a f f i n i ty f o r D - xyl o s e  ( Km va l u e  o f  1 8 0  mM ) . Mo l e c u l a r  

we i ghts we r e  4 1 , 0 0 0  a nd 3 7 , 0 0 0  da l t o n s  f o r  e nz yme A a nd B ,  

r e s pe ct i ve l y . T h e  rat i o  o f  NAD H - t o  N ADP H - l i nk e d  a ct i v i ty 

i n  c e l l - f r e e  e xtr a c t s  i nc r e a s e d  w i th d e c r e a s i ng a e r at i on 

o f  t h e  c u ltu r e ,  s ugge st i ng that o xyge n  i n f l ue nc e s  the 

l e ve l s  o f  the s e  e n zyme s . 

A xyl o s e  r e d ucta s e  e xh i b i t i ng s p e c i f i c ity w i t h  b ot h  N AD P H  

a nd NADH wa s d e s c r i be d  b y  Mor i moto e t.  a l . ( 1 9 8 7 ) .  T h e  k m  

va l u e  f or D - xyl o s e  wa s dete r m i n e d  a s  1 2  m M  a n d  i n  t h i s  

r e s pe ct a n d  i n  r ega rd to c o f a ctor s pe c i f i c ity, the e nz yme 

wa s s i m i l a r  to e n zyme A r e ported by Ve r d uyn e t.  a l . ( 1 9 8 5 ) .  

D i tze l mo l l e r  e t.  a l . 

xyl i t o l 

( 1 9 8 4 b )  pa rt i a l l y p ur i f i e d  the 

de hyd r ogena s e  by a c omb i nat i on 

N AD ­

o f  d e pe nd e nt 

a f f i n i ty c h r oma t ography and f a st l i q u i d  pr ote i n  
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c hr o matography . At pH 8. 5 ,  the f or mat i on o f  D - xyl u l os e  

was favo u r ed , whe r ea s  at phys i o l og i c a l  p H  va l ue s  the 

f or mat i on o f  xyl i t o l  wa s f a v o ur ed . T h e  a ct i v ity o f  

e n zyme wa s f o und to be und e r  the i n f l ue nc e  o f  

' cata b o l i c r e d uct i on ' c ha rge ( NADH/NAD + NADH ) and 

the 

the 

ATP. 

At pH 7 . 0 , a n  i nc r e a s e  in the ' cata b o l i c r e d uct i o n ' c ha rge 

f a v o u r e d  the a c c umu l at i on o f  xyl i t o l .  ATP i nh i b i t e d  t h e  

r ea ct i o n . T h e  e n zyme e x h i b ited a l ow a f f i n i ty f o r  xyl i t o l 

w it h  a Km va l ue o f  7 0  mM . The k i net i c  pr o p e rt i e s  o f  t h i s  

e n zyme a nd the NADPH s pe c i f i c  xyl o s e  r e d ucta s e  

( D i t z e l mu l l e r  et al. , 1 9 8 4 a ) h e l p s  e x p l a i n  the t e nd e nc y  

f or xyl ito l t o  b e  a c c umu l ated d u r i ng t h e  f e r me ntat i o n o f  

D - xyl o s e , e s p e c i a l l y u nd e r  a n a e r o b i c  c o nd i t i o n s. 

M o r i moto et al . ( 1 9 8 6 )  r e ported the p ur i f i cat i o n o f  an 

N AD - s pe c i f i c  D -xyl u l o s e  r e d ucta s e  ( xy l i t o l  d e hydr og e na s e ) .  

T h e  mo l e c u l a r  we ight wa s d e te r mi ned t o  b e  1 2 0 , 0 0 0  da l t o n s  

w i t h  a s u b - u n i t mo l e c u l a r  we i ght o f  4 0 , 0 0 0 . T h e  K m  f or 

xyl i t o l wa s 1 1  mM . 

A xy l os e  

s e pa r ated 

r ed u cta s e  a nd xyl i t o l d e hyd r oge na s e  we r e  

o n  a f f i n i ty c h r omatogra phy c o l umns ( Bo l e n  et 

al . ,  1 9 8 6 ) .  

p o l yp e pt i d e  

T h e  xyl o s e  r e ducta s e  c o n s i sted o f  a 

with a mo l e c u l a r  we ight o f  3 6 , 5 0 0  

s i ng l e  

d a l t o n s . 

T h e  xyl os e  r ed ucta s e  e xh i b ited a ct i v ity w i t h  b ot h  NADPH 

a nd NADH . 

mo l e c u l ar 

The NAD - d e p e nd e nt xyl i t o l  d e h yd r oge na s e  h a d  a 

we i ght o f  1 7 2 , 0 0 0  a s  d et e r m i n e d  by ge l 

p e r me at i o n c h r o matogra phy with f ou r  s ub u n its o f  a bo ut 

4 0 , 0 0 0 . 
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F r o m  the s e  stud i e s ,  i t  wo u l d  appear that Pachysolen 

tan n oph i las p o s s e s s e s  at l e ast two xyl o s e  r e d uc ta s e  

e n zyme s ,  o n e  p o s s e s s i ng a ct i v ity w i t h  b ot h  N AD P H  and NADH 

a nd the othe r NADPH s pe c i f i c . H o we v e r  the 

D it z e lmu l l e r  ( 1 9 8 5 )  s ugge st the pr e s e nc e  

e nzyme s pe c i f i c f o r  o n l y  NADH . 

r e s u lts o f  

o f  a t h i rd 

T h e r e  a r e  n o  r e f e r e nc e s  i n  the l ite r atu r e  a b o ut the 

i s o l at i o n ,  pu r i f i cat i o n a nd k i net i c  pr o p e rt i e s  o f  o t h e r  

i mp or t a nt e n zyme s i n  P .  tan n oph i las . 
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INTRODUCT ION 

1 .  H e x o s e - P h o spho r yl at i ng Enzyme s i n  Y e a st 

I n  yea s t , e nt r y  o f  D -gl u c o s e  i nto the g l yc o l yt i c  pathwa y  

i nvo l ve s  the p h o s p h o r y l at i o n a t  the n u mb e r  6 c a r b o n  t o  

f o rm D-gl u c o s e - 6 -phos phate ( F igur e 1 ) . S i m i l a r l y ,  D ­

f r ucto s e , D -ma n n o s e  a nd D -g l uc o s a m i n e  a r e  p h o s p h o r y l at e d  

a s  the i n i t i a l  ste p i n  the i r  cata b o l i s m .  T h i s  r ea ct i o n ,  

r e qu i r i ng ad e n o s i ne - 5 ' -tr i ph o s phate ( ATP ) a nd magn e s i um 

c h l o r i d e  ( MgCl 2 ) i s  cata l ys ed by two type s o f  e nz yme , 

h e x o k i na s e  ( ATP D - h e x o s e  6 - p h o s p h ot r a n s f e r a s e ,  E C  

2 . 7 . 1 . 1 ) a nd g l uc o k i na s e  ( ATP D -g l uc o s e  6 -

p h o s p h ot r a n s f e r a s e , E C  2 . 7 . 1 . 2 )  wh i c h  d i f f e r  i n  t h e i r  

s uga r s p e c i f i c i ty and the i r  a f f i n i ty f o r  D -g l u c o s e . 

T h e  h e x o s e - p h o s ph o r y l at i ng e nzyme s i n  s eve r a l  s p e c i e s o f  

y e a st have be e n  stud i e d . 

Saccharomyces cere v i s i ae p o s s e s s e s  two h e xo k i na s e s ,  P I  a nd 

P I I ( Co l owi c k , 1 9 7 3 ) . The s e  we r e  f o r me r l y r e f e r r e d  t o  a s  

h e x o k i na s e  A a n d  B ( Rame l e t  al . ,  1 9 7 1 ;  B a r n a r d , 1 9 7 5 ) . A 

g l uc o k i na s e  i s  a l s o  p r e s e nt ( Ma i tr a ,  1 9 7 0 ;  Ma itr a , 1 9 7 5 ;  

Ga n c e d o  et a l . ,  1 9 7 7 ) . Thr e e  u n l i nk e d  g e n e s  hx k l ,  h x k 2  

a n d  g l a l  c o d e  f o r  the str uctu r a l  ge ne s o f  h e x o k i na s e  P I , 

P I I  a nd the g l uc o k i na s e ,  r e s p e ct i ve l y ( L o b o  & Ma i tr a , 

1 9 7 7 b ;  Ma itra & L ob o , 1 9 8 1 ) . 

T h e  two h e x o k i na s e s  d i f f e r  i n  the rat e  o f  D - f r ucto s e ­

p h o s ph o r y l at i o n t o  D-g l u c o s e - p h o s ph o r yl at i o n ( F/ G  r at i o ) .  

H e x o k i na s e  P I  s hows a F I G  rat i o  o f  2 . 8 - 3 . 0  ( Co l ow i c k , 
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1 9 7 3 ) ,  wh i l e P I I  has a r at i o  o f  1 . 0 - 1 . 2  ( Co l ow i c k , 1 9 7 3 ) . 

T h i s  ma r k e d  d i f f e r e nc e  i n  the rate s o f  p h o s p h o r ylat i on o f  

t he s e  two h e x o s e s  a r e  i mp o rtant d i st i ngu i s h i ng f e at ur e s . 

T h e  D -g l u c o s e - p h o s p h o r y l at i ng e nzyme s o f  the Can d i da 

yea st s  we r e  i nv e s t i gated by H i ra i et al . ( 1 9 7 7 ) . T h r e e  D -

g l u c o s e - p h o s p h o r y l at i ng e nzyme s we r e  s e pa r ated f r o m  a 

c e l l - f r e e  e xt r a ct o f  Can d i da trop i cal i s  by u s e  o f  a mm on i um 

s u l phate f r a ct i o nat i on and DEAE - c e l l u l os e  c h r o matogr a ph y  

a nd f urth e r  pur i f i ed by c h r omatogr a phy o n  S e phad e x  G - 1 0 0  

a nd DEAE - c e l l u l os e . Two h e x o k i na s e s ,  d e s i g n ated 

h e x o k i na s e  I a nd I I ,  p h o s p h o rylated D - f r u ct o s e  1. 5 t i me s  

f a ste r than D-gl u c o s e , wh i l e the g l uc o k i na s e  was s p e c i f i c 

f or D -gl u c o s e .  T h e  yeast Can d i da l i polyt ica c onta i n e d  at 

l ea st two D -g l uc o s e -phos ph o r y l at i ng e nz yme s ,  a h e x o k i na s e  

w i th a n  F I G  r at i o  o f  1. 5 and a g l uc o k i na s e . 

T h e  h e x o k i na s e  o f  wi l d  type Schwan n i omyces occ iden tal i s  

( CB S  8 1 9 ) wa s f ound t o  have s i mi l a r  pr o p e rt i e s  t o  the P I I  

h e x o k i na s e  o f  Saccharomyces cerev i s iae ( Mc Ca n n  et al . ,  

1 9 8 7 ) . T h i s  e n zyme appe a r ed t o  p o s s e s s  two c ata l yt i c  

s i t e s , o n e  h e x o k i na s e - l i k e  a nd a s s o c i ated with cata b o l ite 

r e pr e s s i o n a nd the oth e r  g l uc o k i na s e - l i k e . 

T h e r e  i s  n o  r e p o rt i n  the l i te r atur e  a b o ut the h e x o s e -

p h o s p h or y l at i ng e n zyme s i n  Pachysolen tann oph i las . 

2 .  T h e  U s e  o f  2 - De oxyql u c o s e  t o  O bta i n  H e x o s e -ATP -K i na s e  
D e f e ct i ve Mutants 

The t o x i c  a na l ogue o f  D -g l u c o s e , 2 -d e o xy - D -g l uc os e , ha s 

b e e n  a p p l i ed to the ye ast Saccharomyces cere v i s i a e  t o  



g e n e r ate mutants d e f e ct i ve i n  
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h e x o s e - p h o s p h o r yl a t i ng 

e nz yme s ( Ma i tra , 1 9 7 0 ;  L obo & Ma itr a ,  1 9 7 7 a ,  1 9 7 7 b ) . I n  

the ma j o r i ty o f  c as e s , 2 -d e o xyg l u c o s e  r e s i stant muta nts 

u na b l e  t o  gr o w  on D -g l uc o s e ,  had l ost the a ct i v ity o f  the 

h e x o s e -ph o s ph o r ylat i ng e nzyme s ( L o b o  & Ma itra , 1 9 7 7a ) . 

T h e  e xa ct me c han i sm f or the to x i c ity o f  2 -d e oxyg 1 u c o s e  h a s  

n ot be e n  f u l l y e l uc i dated but ma y be d u e  t o  t h e  d e p l et i o n 

o f  the c e l l ' s  s u p p l y  o f  ATP ( Ma i tra & L o b o , 1 9 8 1 ) . 

Ev i d e nc e  f o r i n h i b i t i o n o f  the s ynth e s i s  o f  c e l l -wa l l  

p o l ys a cc ha r i d e s  has b e e n  f ound i n  Sch i zosaccharom y ces 

pombe ( Megnet , 1 9 6 5 ) . 

T h e  yeast Pachysolen tan n oph i lu.s wa s f ou nd t o  be 

s e ns it i ve t o  l e ve l s  of  2 -d e oxyg l u c o s e  gr e ate r tha n 2 mM 

( Al l e n  Jame s ,  unpub l i s hed r e s u lts ) .  T h u s  i t  wa s a s s u med 

that th i s  a n a l ogue c o u ld be e x p l o ite d t o  o bta i n  h e x o k i na s e  

d e f e ct i ve muta nts i n  the same ma n n e r  a s  i n  Saccharomyces 

cere v i s iae . D i r e ct s e l e ct i on f o r  r e s i sta n c e  t o  the 

a na l ogue wa s u s e d . T h e  meth i o n i ne r e qu i r i ng str a i n  P 1 7 - 1A 

( Ta b l e  I )  was p l ated o ut ( l 0 7 - 1 0 e  c e l l s / p l ate ) o nt o  

c omp l ete Y N B - xy l o s e  p l ate s 

d e o xyg l uc o s e  at l e ve l s  o f  

s u pp l eme nted 

6 a nd 8 mM . 

w i t h  2 -

Re s i s t a nt 

c o l o n i e s  we r e  i s o l ated a nd tested f o r gr o wt h  o n  Y N B ­

g l uc o s e  p late s ( Al l e n  Jame s ,  unpub l i s h e d  r e s u lts ) .  T h e s e  

we r e  t e r me d  t h e  f i r st s e r i e s . Mutants s h o w i ng r e s i s ta n ce 

t o  6 mM 2 -d e o xyg l u c o s e  a nd r e d uct i o n o f  g r o wth o n  D­

g l uc o s e  a nd D-ma n n o s e  we r e  s ub j e ct e d  to h ig h e r  l e ve l s  o f  

2 -d e o xyg l u c o s e  by p l at i ng o nt o  c omp l ete Y N B - x y l o s e  

s up p l eme nte d  w i t h  3 0 ,  4 0  a nd 8 0  mM 2 -d e o xyg l uc os e . I n  

t h i s  ma n n e r  a s e c o nd s e r i e s o f  muta nts r e s i sta nt u p  t o  4 0  
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mM o f  the a na l ogue wa s o bta i ne d . T h e s e  we r e  f u r t h e r  

c h e c k e d  f o r  g r o wth o n  YNB med i a  c o nta i n i ng e i the r D ­

g l u c o s e , D - f r u cto s e , D-ma n n o s e  o r  D - xy l o s e  a s  the c a r b o n  

s o u r c e . 

A s e r i e s o f  genet i c  c r o s s e s  betwe e n  the 2 -d e o xygl u c o s e  

r e s i stant mutants a nd wi ld type a ux otr o p h s  we r e  p e r f o r me d  

( Al l e n  J ame s ,  unpub l i s he d  wor k ) .  Two muta nts o f  the f i r s t  

s e r i e s  we r e  c r o s s e d  with P 4 7 1 - 5 D ade 2 . F r o m  the s e  c r o s s e s  

two d i p l o i d s  we r e  o bta i ned , P 5 0 0  a n d  P 5 0 1 . Whe n  

s p o r u l ated , s egr egat i o n o f  both r e s i sta n c e  t o  1 0  mM 2 -

d e o x yg l uc o s e  a nd t h e  a b i l ity t o  gr ow o n  D - ma n n o s e  was 2 : 2  

i nd i c at i ng a l e s i o n with i n  a s i ng l e  ge n e . T h e  mutat i on 

wa s i n i t i a l l y  d e s i gnated man and i n  t h i s  study i s  r e f e r r e d  

t o  a s  hx k 2 . S e ve r a l  o f  the s e c ond s e r i e s  mutants we r e  

c r o s s e d  with P 4 7 1 - 5D ade 2 g i v i ng r i s e t o  d i p l o i d s  P 5 0 9 , 

P 5 1 0  a nd P 5 1 1 . S p o r u l at i on and s ub s e q u e nt g e n e t i c  

a na l ys i s  gave a 2 : 2  s egr egat i o n f or gr o wt h  o n  

The s egr egat i o n s  f o r  gr owth o n  D -g l u c o s e  

r e s i sta nce t o  2 -d e o xyg l u c o s e  d i d n ot g i ve c l e a r  

D - ma n n o s e . 

a nd f o r  

r e s u lt s . 

H o we ve r ,  at l e ast o n e  f u rth e r  mutat i o n had b e e n  i ntr o d u c e d  

i nt o  the s e c ond s e r i e s mutants . T h i s  mutat i on wa s 

d e s i gnated g l u. 1 . T h e  a l l e l e s  gove r n i ng the s e  mutat i o n s  

we r e  r e c e s s i ve ,  s i nc e  the d i p l o i d s  gr e w  n or ma l l y o n  D -

g l uc o s e  a n d  we r e  s e ns i t i ve to 2 -d e o x yg l u c o s e . F r o m  the 

a bove c r o s s e s ,  thr e e  s egr egants , P 5 0 1 - 5A ,  P 5 0 9 - 3C and 

P 5 0 9 - 1 B  ( Ta b l e  I ) , each with a d i st i n ct g e n otype a nd 

p h e n otype we r e  r e c ove r e d  and s ub j e cted t o  f urth e r  stu d y  i n  

th i s  wo r k . 
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3 .  A i ms o f  th i s  I nve st i gat i o n 

T h e  o b j e ct i ve s  o f  th i s  study we r e : 

1 .  T o  c h a r a cte r i s e the 2 -d e oxyg l u c o s e  r e s i stant muta n t s  

o f  P .  tann aph i l as b y  e xa m i n i ng the i r  gr o wt h  o n  h e x o s e  

s ugar s ,  r e s i stan c e  to 2 -d e oxyg l u c o s e  a nd h e xos e ­

p h o s ph o r y l at i ng a ct i v it i e s . The b e h a v i ou r  o f  the s e  

stra i ns o n  mi xtur e s  o f  D -g l u c o s e  a n d  D - xy l o s e  wo u l d  a l s o  

b e  i nv e s t i gate d . 

2 .  Furth e r  c ha r a cte r i s at i on o f  the h e x o s e - ATP -k i na s e  

e n zyme s i n  P .  t a n n aph i l as b y  t h e  a pp l i cat i on o f  DEAE ­

c e l l u l o s e  chr omatogr aphy . In part i cu l a r , the pr e c i s e  

numbe r o f  e n zyme s wo u l d  b e  d ete r m i n ed ,  s i n c e  r e s u lts f r om 

the g e n et i c  ana l ys e s  o n  the 2 - d e o xyg l u c o s e  r e s i s t a nt 

muta nts we r e  i nc on c l u s i ve . The r o l e  o f  the s e  e nzyme s i n  

c ata b o l ite r e pr e s s i o n o f  D -xyl o s e  ut i l i sa t i on wou l d  b e  

i nvest i gate d . 

3 .  Is o l ate muta nt stra i ns wh i ch we r e  t ota l l y d e f e c t i v e  

f o r  g r o wth o n  D -g l uc o s e  a nd D - f r ucto s e . A str a i n  wh i c h  

t h e  pr e s e nc e  o f  

str a i n  may have 

c a n  ut i l i s e  and 

D -g l u c o s e  

p ote nt i a l  

wo u l d  

f or 

f e r me nt D -xyl o s e  

b e  s o ught . S uc h  

f e r me ntat i o n o f  

i n  

a 

p h yt o ma s s  - d e r i ve d  

hyd r o l ys ate s ,  pa rt i c u la r l y  p e ntos e - r i ch h e mi ce l l u l o s e  

h yd r o l ys ate s ,  t o  etha n o l . P e nt o s e  f e r me ntat i o n by the 

muta nt c o u l d  be ca r r i e d  o ut l e av i ng the h e x o s e s  t o  b e  

f e r me nted b y  a mor e etha n o l t o l e r a nt ye a st s u c h  a s  

S accharomyces cerev i s i ae . 
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4 .  Tran s f o r mat i on o f  P ,  tan n oph il l.I.S by t h e  Y R p 7  p l a s m i d  

c a r r y ing t h e  c l one d P I I  h e x o k ina s e  gene f r om S .  cere v i s iae 

( Fr o h l i c h  et a l . ,  1 9 8 4 ) wou l d  be att e mpt e d . As we l l  a s  

d e ve l o p ing a method f o r  the trans f or mat i on o f  p ,  

tan n oph i ll.l.s , th i s  c o u ld pr o v i d e  f urth e r  i n f o r mat i on on the 

r o l e  o f  the h e x o k ina s e s  in cata b o l ite r e pr e s s i on .  

5 .  Genet i c  hybr i d i sat i on o f  two 

p r od uc ing stra ins , the eth 2 - 1 stra in 

and 

i mpr o v e ment 

tarm oph i ll.l.s . 

o f  

1 9 8 4 ) ,  

f e r mentat i on o f  

s up e r i o r ethan o l  

( Le e  e t  al , , 1 9 8 6 ) 

f o r  t h e  

D - xy l o s e  

gene t i c  

in p ,  



MATER I AL S  AND MET H O D S 

1 .  M I CR O B I OLOGI CAL METHODS 

1 . 1  M i c r o b i a l  S t ra i ns and Ma i nt e n a n c e  

3 1  

T h e  ye a s t  a nd ba c te r i a s t r a i ns u s e d  i n  t h i s  s tu d y  a r e  

l i s t e d  i n  Ta b l e  1 .  Y e a s t  s t r a i ns we r e  ma i nta i ne d  o n  Y E P ­

g l u c o s e  o r  YEP - xyl o s e  s l o pe s a t  4 ° C  a n d  s ub - c u l tu r e d  a t  

i nt e r va l s  o f  6 - 1 2  mo n t h s . C u l t u r e s  we r e  f r e e ze -d r i ed f or 

l o ng- t e r m  s t o r age . Ba c t e r i a l  s t r a i ns we r e  ma i nta i ne d  o n  LB 

s l op e s at 4 ° C  a nd s ub -cu l tu r e d  e v e r y  3 - 6  mon t h s . L o ng 

t e r m  s t o r age wa s by f r e e z e -d r y i ng . 

1 . 2  Med i a  and Cu l t i va t i o n 

1 . 2 1 Y e a s t  E x t r a c t  P e p t o n e  Me d i um ( YEP ) 

Y e a s t  e x t r a c t  p e p t o n e  me d i um ( YEP ) c o nta i ne d  t h e  f o l l ow i ng 

( g  l - 1 ) :  ye a s t  e xt r a c t  ( D i f c o ) ,  1 0 . 0 ; p e pt o n e , 2 0 . 0 .  D ­

G l u c os e ,  D -ma nn o s e , D - f r uct o s e , D - xy l o s e  o r  a m i x t u r e  o f  

t he s e  s uga r s  wa s add ed t o  a f i na l  c o nc e n t r a t i o n  o f  2 0 - 4 0  

g l - 1 • T h e  s o l i d  me d i um i n  add i t i o n had 2 0  g 1- 1 aga r . 

1 . 2 2 Ma l t  E x t r a c t  Y e a s t  Extract P e p t o ne G l uc o s e  ( MYGP ) 

Ma l t  e xt r a c t  

c o n t a i ne d  ( g  

ye a s t  e x t r a c t  p e p t o n e  g l u c o s e  

l - 1 ) :  ma l t  e xt r a c t  ( D i f c o ) ,  1 0 . 0 ; 

( MYGP ) 

ye a s t  

e xt r a c t  ( D i f c o ) ,  1 0 . 0 ; p e p t o n e  ( D i f c o ) , 2 0 . 0 ; D-gl u c o s e ,  

2 0 . 0 .  

1 . 2 3 Y e a s t  N i t r og e n  B a s e  ( YNB ) 

Y e a s t  n i t r oge n b a s e  me d i um ( YNB ) c o nta i ne d  ( g  l - 1 ) :  yea s t  

n i t r og e n  ba s e  ( D i f c o ) wi t h o u t  add e d  ami n o  a c i d s , 6 . 7 .  S ugar 
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Ta b l e  I :  Str a i ns o f  Y e a st and Bacte r i a  Us e d  i n  Th i s  Study 

Str a i n  G e n otype 

Pachysolen tan n oph i las 

P 4 4 4 - 3 D  

2 5 3 0  

P 1 7 - 1 A  

P 5 1 0 - 5A 

P 5 0 9 - 3 C  

P 5 0 9 - 1 B  

P 5 0 9 - 1 B  

P 5 0 9 - 1 B  

P 5 0 9 - 1 B  

P 5 0 9 - 1 B  

# 6 

DI X  

F I G  

F I G  

NO::;�-N0::;� - 4  

NO:.�-N0::;� - 4  

P 1 4 1 - 1 0B 

P 4 4 6 - 2 7 A 

P 5 2 - 1 C  

A 

2 

2 # 2 4  

W i l d  Type s egr egant 

W i ld Type 

met 2 - l  a u x otr o p h  

glal 

hx k 2  

h x k 2  glal 

hx k 2  glal fra 

hx k l  h x k 2  glal 

hx k l  hx k 2  glal 

hx k l  hx k 2  glal 

lys 

eth 2 - l  

eth 2 - 1  adel 

xy 1 2 -1 met 2 - l  

y 

y eth 

Saccharomyces cerev i s i ae 

S 2 8 8 C 

C 6 3 1 - 8 A  

W i l d  Type 

W i l d  Type 

S o u r c e  

NRCC 

NRCC 

NRCC 

Th i s  study 

Th i s  study 

Th i s  study 

T h i s  study 

T h i s  study 

Th i s  study 

Th i s  study 

US DA 

A . P .  J a me s  

N R CC 

NRCC 

NRCC 

MUCC 

MUCC 

C o nt ' D . . .  
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K l 2  R R l  YRp/HXK 2 - 8  pro lea th i lacY strR 
rk mK e n d o i  YRp 7 / HXK 2 - 8  K - D . Ent i a n  

H Bl O l  

NRCC 

U S DA 

MUCC 

pro lea th i thr lacY strR 
rK mK recA MUCC 

Nat i ona l R e s e a r c h  C o u n c i l  o f  Canad a , Ottawa , 
Ontar i o ,  Ca nada 

US D e pa r tme nt o f  Agr i cu ltur e ,  F or e st S e r v i ce , 
F o r e st P r o d uc t s  L a b o rat o r y ,  Mad i s o n ,  USA 

Ma s s e y  U n i v e r s i ty c u lt u r e  c o l l e ct i on 
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wa s added t o  a f i na l  c o nc e n t r a t i o n o f  2 0 - 6 0  g 1- 1 • F o r  t he 

s o l i d me d i um, 2 0  g 1 - 1  agar ( D i f c o  o r  Dav i s ) wa s a d d e d . 

The me d i um wa s e i t h e r  m i n i ma l  o r  s up p l e me nt e d  w i t h  a m i n o  

a c i d s  ( Ta b l e  I I ) . S t o c k  s o l u t i on s  c o n ta i n i ng a l l  a m i n o  

a c i d s  o r  l a c k i ng i n  o n e  ami n o  a c i d  we r e  p r e pa r e d  a n d  

a u t o c laved at 1 1 0 °C f o r  1 0  m i n . The s t o c k  s o l ut i on wa s 

a d d e d  t o  t h e  YNB me d i um ( 1 0 m l  s t o c k  s o l ut i o n p e r  2 0 0  m l  

med i um )  pr i o r t o  a u t o c l av i ng .  

1 . 2 4 Ma l t  Ext r a c t  Y e a s t  E x t r a c t  ( YM )  

Ma l t  e xt r a c t  ye a s t  e x t r a c t  ( YM )  had t he f o l l ow i ng 

c omp o s i t i o n ( g  l - 1 ) :  ma l t  e x t r a c t  ( D i f c o ) ,  1 0 . 0 ; ye a s t  

e x t r a c t ,  1 0 . 0 ; D -g l u c o s e , 4 . 0 ;  aga r ( D i f c o ) ,  3 0 . 0 .  T h e  pH 

wa s ad j u s t ed t o  5 . 0  p r i o r to a u t o c l av i ng .  YM-YE c o n t a i ne d  

( g  1 ·- 1. ) :  ma l t  e x t r a c t  ( D i f c o ) ,  1 0 . 0 ; D -g l uc o s e , 4 . 0 ;  a nd 

agar ( D i f c o ) ,  2 0 . 0 .  

1 . 2 5 L u r i a  B r o t h  ( L B )  

L u r i a  br o t h  ( L B )  c o nt a i ned ( g  l - 1 ) :  t r ypt o n e , 1 0 . 0 ; ye a s t  

e x t r a c t  ( D i f c o ) , 4 . 0 ; s od i um c h l o r i d e  ( Na C l ) , 1 0 . 0 .  The pH 

wa s ad j u s t ed to 7 . 5  w i t h  5 M NaOH b e f o r e  a u t o c l av i ng .  

P l a t e s  s uppl eme n t e d  w i t h  amp i c i l l i n  we r e  p r e pa r e d  by t h e  

add i t i o n o f  f i l t e r - s t e r i l i s e d  amp i c i l l i n t o  a f i n a l 

c o n c e n t ra t i o n o f  4 0  pg ml-1 a f t e r  t h e  med i um had b e e n  

a u t o c lave d . 

1 . 2 6 P r e pa r a t i o n o f  Me d i a 

S uga r s  we r e  p r e pa r e d  a s  s t o c k  2 0 %  s o l ut i ons , f i l t e r  

s t e r i l i s e d  w i t h  0 . 2 2 p m  f i l t e r s  a nd a d d e d  t o  t h e  r e s t  o f  

t h e  me d i a  wh i c h wa s a u t o c laved a t  1 2 1 oc f o r  1 5  m i n .  
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Tab l e  I I : Ami no Ac i d  S upp l e me nt s  f or C o mp l et e  YNB Med i a 

Ami n o  Ac i d  C o n c e ntrat i on* 
(g p e r  3 0 0  ml stoc k ) 

L - a rg i n i ne 0 . 1 2 
L - h i st i d i ne 0 . 1 2 
L - l ys i ne 0 . 1 8 
a d e n i ne 0 . 1 2 
L - meth i o n i ne 0 . 1 2 
u r a c i l  0 . 1 2 
L - l e uc i ne 0 . 1 8  
L -t r ypt ophan 0 . 1 2 
L -thr e on i ne 0 . 6 0 
tyr os i ne 0 . 1 2 
phe nyla l a n i ne 0 . 3 0 
i s o l e uc i ne 0 . 1 2 
va l i n e  0 . 9 0  

* C o nc e ntrat i on i n  stock s o l ut i o n 

F i na l  C o nc e ntrat i on 
i n  med i um (mg 1- 1 ) 

2 0  
2 0  
3 0  
2 0  
2 0  
2 0  
3 0  
2 0  

l O O  
2 0  
5 0  
2 0  

1 5 0  
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1 . 2 7 C u l t u r e  Gr owt h  a nd P u r i ty 

A l l s t oc k  c u l t u r e s  we r e  i n o c u l a t e d  o n t o e i t h e r  Y N B  o r  YEP 

p l a t e s  and s i ng l e  c o l o n i e s  u s e d  f o r  the i n o c u l a t i o n o f  

l i q u i d  med i a . 

2 .  GROWTH EXPER IMENTS 

2 . 1  Mat e r i a l s  

2 . 1 1 R e p l i ca -P l a t i ng Ve l ve te e ns 

Ve l v e t s  we r e  b r u s he d  w i t h  a c l o t h e s  b r u s h ,  p l a c e d  b e t we e n  

pa r c hme n t  pa pe r ,  wr apped i n  pa pe r a n d  s t e r i l i s ed b y  

a u t o c l a v i ng a t  1 2 1o c  f o r  1 5  mi n .  

2 . 2  Gr o wt h  o n  S o l i d  Me d i a  

Ea c h  s t r a i n  wa s i n o c u l a te d  ont o a s ma l l  a r e a  ( ap r o x  1 cm2 ) 

o f  a mi n i ma l  YNB-xyl o s e  p l a t e  and i nc u ba t e d  2 4  h r  a t  3 0 ° C . 

Each p l a t e  wa s r e p l i ca - p l a t e d  o n t o m i n i ma l  Y N B  p l a t e s  

s u ppl e me nt e d  w i t h  var i o us s o l e  c a r b o n  s o u r c e s . P la t e s  we r e  

i nc u b a t e d  at 3 0° C  f o r  9 6  h r  a nd c h e c k e d  a t  1 2 - 2 4  h r  

i nt e r va l s . The amo u n t  o f  gr owth wa s a s s e s s e d  v i s ua l l y .  

2 . 3  Gr o wt h  i n  L i qu i d  Med i a  

2 . 3 1 S c r e e n i ng T r i a l s  and Gene r a l Vege t a t i ve G r o wt h  

Y E P  med i a  wa s u s e d  f or s c r e e n i ng mut a n t s  a n d  f or c e l l  

c u l t i vat i o n f o r  e nzyme a s s ays . YEP -xyl o s e  ( 5 0 ml ) wa s 

i n o c u l a t e d  f r om a p l a t e  and i nc u ba t e d  f o r  4 8  h r  a t  3 0° C  a n d  

1 8 0  r pm o n  a gyr a t o r y  s ha k e r . T h i s  c u l t u r e  wa s i n o c u l a t e d  

( 0 . 5  ml ) i nt o  Y E P  me d i a  c o n t a i n i ng d i f f e r e n t  c a r b o n  

s o u r c e s . F o r  s c r e e n i ng t r i a l s , 1 0 0  ml me d i a i n  2 5 0  ml 

Er l e nmeye r f l a s k s  wa s u s ed and f o r  e nzyme a s s a ys , 2 5 0  ml i n  
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1 l itr e f l a s k s . Cultur e s  we r e  i nc ubat e d  at 3 0° C  a nd 1 8 0  

r pm o n  a gyrat o r y  s ha k e r . I f  r e qu i r e d , s a mp l e s  ( 4  ml ) we r e  

r emoved at t i me 0 and a fter 7 2  o r  9 6  h r  a n d  s ub j e cted t o  

HPLC ana l ys i s . Gr o wth wa s a s s e s s e d  b y  me a s u r e me nt o f  

o pt i ca l  d e ns i ty at 6 0 0  nm . 

2 . 3 2 Growth a nd S uga r Ut i l i s at i o n 

E x pe r i me nts i n  wh i c h  gr owth and s ugar ut i l i sat i on we r e  

me a s u r e d  we r e  d o ne a s  f o l l ows .  M i n i ma l  YNB-xyl o s e  ( 1 0 0  ml ) 

wa s i n oc u l ated f r om a p late and i nc u bated f or 4 8  h r  at 3 0° C  

a t  1 8 0  r pm .  The c u lture wa s c e ntr i f uged ( 6 , 0 0 0  x g f o r  1 0  

m i n at 4° C ) , the ce l l s wa s he d  o n c e  w i t h  5 0  ml 

wate r ,  c e ntr i f uged and r e - s u s p e n d e d  i n  a p pr o x i mate l y  1 0  

ml wate r . The o pt i ca l  d e n s ity at 6 0 0  n m  wa s ad j usted t o  

betwe e n  3 4 . 5  a n d  3 6 . 5  o pt i ca l d e ns i ty ( OD )  u n i t s . 

M i n i ma l  

f la s k s ) 

YNB 

we r e  

or Y E P  me d i a ( 1 0 0  ml i n  2 5 0  

i n o c u l ate d , i n  d up l i cate , 

ml Er l e nme ye r 

w i t h  0 . 5  ml 

( sta ndard d e n s ity i n o c u l at i on ) o r  1 0 . 0  ml ( h i gh c e l l  

d e ns i ty ) o f  th i s  s us pe ns i o n . F i na l  c e l l  c o n c e nt r at i o n wa s 

2 . 5  x 1 07 c e l l s  ml - 1  and 5 . 0  x 1 0 6 c e l l s  

r e s pe ct i ve l y .  Samp l e s  ( 4  ml ) we r e  r e mo v e d  at 0 t i me a nd at 

i nt e r va l s  o f  betwe e n  3 and 2 4  hr , c e ntr i f uged i n  a H e r a e u s  

Chr i st La b o f uge at 2 , 5 0 0  g f o r  1 0  m i n a nd f r o z e n  at - 2 o o c  

u nt i l  r e qu i r ed f o r  HPLC ana l ys i s . G r o wt h  wa s f o l l owe d f or 

7 2 - 1 2 0  hr or l o nge r  i n  s ome c a s e s  by me a s u r e me nt o f  

o pt i ca l  d e ns ity .  

2 . 4  Mea s u r e me nt o f  G r o wth 

T h e  a mo u nt o f  gr owth wa s d ete r m i n e d  by me a s u r e me nt o f  the 

a b s o r ba n c e  at wa ve l e ngth 6 0 0  nm us i ng a C e c i l  CE 2 7 2  
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s pe ct r o ph otomete r .  A s ma l l  p o rt i o n o f  e a c h  c u ltur e  ( 0 . 1  o r  

0 . 5  m l ) wa s d i l uted vo l umetr i ca l l y i n  wate r t o  g i ve a n  

a bs o r ba n c e  o f  l e s s  than 0 . 4  and me a s u r e d  aga i nst a wate r 

b la n k . An e st i mat i o n o f  c e l l  n u mb e r  wa s o bta i n e d  by 

r e f e r e nc e  t o  a standard c u r ve wh i c h  r e lated a b s o r ba n c e  to 

v i a b l e  c e l l  n umbe r s . Dur i ng the p r e pa r at i o n o f  c e l l s  f or 

UV mutage n e s i s  o r  t r a n s f o r mat i o n ,  tota l c e l l  c o n c e nt r at i o n 

i n  l og p ha s e  c u ltur e s  wa s e st i mated by c o u nt i ng c e l l s with 

a hae mocytomete r .  

2 . 5  P r epa r at i o n o f  Standa r d  Curve 

T h e  w i l d  type str a i n ,  P 4 4 4 - 3 D ,  wa s i n o c u lated i nt o  m i n i ma l  

YNB - xy l o s e  ( 5 0 ml ) ,  i nc u bated f o r  4 8  h r  and 1 0 0  m l  YNB-

xyl o s e  i n o c u l ated w i th 1 ml of th i s  c u ltur e . Fo l l o w i ng 

i nc u bat i on f o r  2 4  h r , the c u ltu r e  wa s wa s he d  o nce with 

wate r ,  r e s u s p e nd e d  a nd d i l uted in wate r t o  g i ve a r a nge o f  

a b s o r ba n c e s  ( 0 . 1  - 0 . 5 )  at 6 0 0  nm . A l i q u ot s  f r om e a c h  

d i l ut i on we r e  furth e r  d i l uted i n  wate r b l a n k s  a n d  p l ated 

o nt o  YNB-xyl o s e  p l ate s . V i a b l e  c e l l  n umbe r s  at e a c h  

a bs o r ba n c e  we r e  e st i mated f r om the c o l o ny c o u nt a n d  u s e d  t o  

c o n st r u ct a standard c u r ve . 

3 .  S UGAR UT IL I S AT ION AN D FERMENTAT ION TR I AL S  

3 . 1  Cu ltu r e  Cond i t i o n s  and Samp l i ng 

D up l i c ate c u ltu r e s  u s i ng e ithe r mi n i ma l  YNB o r  YEP med i a  

we r e  p r e pa r e d  a n d  i n o c u l ated as d e s c r i be d  i n  Mate r i a l s  & 

Meth o d s  2 . 3 2 .  The f i na l c u ltur e s  we r e  i nc u bated at 3 0 °C 

on an o r b i ta l s hak e r  at 1 8 0  r pm .  At a p p r o p r i ate t i me 
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i nt e r va l s , samp l e s  ( 4  - 5 ml ) we r e  r emoved a n d  c l ar i f i e d  

a s  d e s c r i be d  be f or e  and sto r e d  at - 2 o o c  u nt i l  r e q u i r e d  f o r  

a na l ys i s . G r o wth was f o l l owed a s  d e s cr i be d  p r e v i o u s l y . 

3 . 2  H i gh P e r f o r mance L i qu i d  Chr omatography ( HP L C ) 

3 . 2 1 P r e pa r at i on o f  Samp l e s  

S a mp l e s  we r e  p r e pa r e d  f o r  HPLC ana l ys i s  b y  f i ltrat i on with 

0 . 4 5 �m n itr o c e l l u l o s e  me mbr ane f i lte r s  u s i ng the S w i n n e x  

f i l te r k i t ( M i l l i p o r e  Co r p o r at i on ,  Bed f o r d , Ma s sa chus e tts , 

USA ) . 

3 . 2 2 Ana lys i s  o f  S uga r s  and End -pr o d ucts 

S uga r s  and end - p r o d ucts we r e  ana l ys e d  by h igh pe r f o r ma n c e  

l i q u i d  chr o matography,  pe r f o r me d  w i t h  a S h i ma d z u  L C- 4 A  

h i gh pe r f o r mance l i qu i d  chr omatogr a ph ( P late 3 )  with a 

S h i ma d z u  S IL - 2A a ut o s amp l e r , a R ID - 2 AS r e f r a ct i ve i nd e x  

d ete ctor and a S h i ma d z u  C-R 3 A  Chr o mato pa c  d ata p r o c e s s o r . 

A l l samp l e s  we r e  ana l ys e d  w ith the B i o -Rad Ami ne x  HPX- 8 7 H  

c o l umn with the e x c e pt i o n o f  samp l e s  c onta i n i ng both D ­

f r u ct o s e  and D - xyl o s e  wh i c h we r e  s e pa r ated o n  a B i o -Rad 

Ami ne x  HXP - 8 7 C  c o l umn . F i lte r e d  and d e ga s s ed s u l ph u r i c  

a c i d  ( 0 . 0 1 0  N )  and d e i o n i s ed wate r  wa s u s e d  a s  the mob i l e 

pha s e  f o r  the HPX- 8 7 H and HPX- 8 7 C c o l u mn ,  r e s pe ct i ve l y .  The 

oven tempe r atur e wa s 6 5° C  f o r the H c o l u mn a nd 8 5° C  f or 

the C c o l umn . F l ow rate s we r e  0 . 8  ml m i n - 1 f o r  both 

c o l umn s . A gua r d  c o l umn c ons i st ing o f  the s a me mate r i a l  a s  

the a na l yt i ca l  c o l umn wa s u s e d  in- l ine f o r pr ote ct i on .  

A two p o i nt ca l i br at i o n wa s a c c o mp l i s he d  by i n j e ct ing b oth 

a h i gh a nd l ow standa r d . A typ i ca l  h igh sta nda r d  wa s 
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P l a t e  3 :  S h i mad z u  L C - 4 A  H i gh P e r f o r mance Chr o ma t o gr a p h  
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( g  l - 1 ) :  D - g l uc os e ,  

2 5 . 0 ;  xyl i t o l , 1 0 . 0 ; 

D -xyl o s e , o r  D -ma n n o s e  o r  D - f r uc t o s e , 

e t ha n o l ,  1 0 . 0 .  The l ow s ta n d a r d  

c o nta i ne d  ( g  l - 1 ) :  D - g 1 uc o s e , D - xyl o s e , o r  D - ma n n o s e  o r  D ­

f r uc t os e ,  2 . 5 ; xyl i t o l , 1 . 0 ; e t hano l ,  2 . 0 .  Al l s u bs t a n c e s  

u s e d  i n  s t a nd a r d s  we r e  Ana 1aR g r a d e . 

3 . 2 3 R e g e n e r a t i o n o f  C o l umns 

T h e  HP X - 8 7 H  c o l umn wa s c l e a n e d  by f l u s h i ng w i t h  3 0 %  

a c e t r o n i t r i l e i n  0 . 0 1 N H2S04 f o r  4 h r  a t  a f l o w  r a t e  o f  

0 . 1  m l  mi n- 1  a t  amb i e nt t e mp e r a t u r e . R e g e n e r a t i o n wa s 

a c c o mp l i s he d  by f l u s h i ng w i t h  0 . 0 5 N H2S 04 f o r  1 6  h r  a t  

0 . 1  ml mi n- 1  a n d  amb i e n t  t e mp e r a t u r e .  T h e  HPX- 8 7 C  c o l umn 

was c l ea n e d  by f l u s h i ng w i t h  3 0 %  a c e t r o n i t r i l e in wa t e r  f o r  

4 h r  a nd r e g e n e r a t e d  b y  f l u s h i ng w i t h  0 . 1  M ca l c i um n i t r a t e  

( Ca ( N0� ) 2 , p H  6 . 3  f o r  1 6  h r  a t  8 5°C . 

4 .  MEASUREMENT OF EN Z YME ACT I VI T I ES 

4 . 1  Ma t e r i a l s 

4 . 1 1 Bu f f e r s  

4 . 1 1 1  T r i s - HCl 

A s t o c k  ( 0 . 2  M )  T r i s - H C l  s o l u t i o n wa s p r e pa r e d  by 

d i s s o l v i ng 1 2 . 1  g T r i z ma ba s e  ( S i gma ) i n  4 0 0  ml de i o n i s e d 

wa t e r , ad j u s t i n g t h e  p H  t o  7 . 5 , 8 . 0  o r  9 . 0  w i t h  1 0  N H C l  

a t  r o o m  tempe r a t u r e  a n d  ma k i ng t h e  vo l ume up t o  0 . 5  l i t r e s  

i n  a v o l ume t r i c  f l a s k . 

4 . 1 1 2  P o ta s s i um p h o s pha t e  bu f f e r  ( KP B ) 

S t oc k  ( 0 . 2  M )  s o l ut i o n s  o f  p o t a s s i u m d i hyd r o g e n  p h o s p h a t e  

( K H2P04 ) ( B DH , Ana l a R ) a nd d i p o t a s s i um hyd r o g e n  

o r t h o ph o s p hate ( K2 HP 0 4 ) ( BDH , Ana l a R ) we r e  p r e par e d . A 
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s t o c k  p o ta s s i um p h o s p h a t e  bu f f e r  ( 0 . 2  M ,  p H  7 . 0 )  wa s 

p r e pa r e d  b y  add i t i on o f  p o t a s s i um d i hyd r og e n  o r t h o p h o s pha t e  

t o  d i p o ta s s i um h yd r og e n  o r t h op h o s p h a t e  u nt i l  t h e  d e s i r ed pH 

wa s r e a c h e d . 

4 . 1 1 3  T r i e than o l a m i n e  b u f f e r  

T r i e than o l a m i ne s t o c k  b u f f e r  ( 0 . 3  M )  wa s p r e pa r e d  by 

d i s s o l v i ng 2 7 . 8  g o f  t r i e t h a n o l a m i n e  ( S i gma ) i n  4 0 0  ml 

o f  d e i on i s e d  wa t e r , a d j us t i ng t h e  pH to 7 . 5  w i t h  1 0  N H C l  

a nd ma k i ng u p  t o  0 . 5  l i t r e  w i t h  d e i on i s e d  wa t e r . 

4 . 1 2 P he n y l me t ha ne s u l ph on y l  F l u o r i d e  ( PM S F )  

P h e ny l me t ha ne s u l ph o n y l  f l u o r i d e  ( PM S F ) wa s p r e pa r e d  a s  a 

0 . 1 M s t o c k  s o l u t i on i n  9 5% e th a n o l .  

4 . 1 3 C o f a ct o r s  

N i c o t i na m i d e  a d e n i n e  d i nu c l e ot i d e  c o f a c t o r s  ( NAD , 

N AD H , NADPH )  ( Bo e hr i ng e r  Ma n n h e i m  Gmb H ,  grad e I ! ) 

N ADP , 

we r e  

p r e pa r e d  f r e s h  a t  a c o nc e n t ra t i on o f  1 . 3  mM i n  d e i o n i s e d  

wa t e r  a n d  s t o r e d  o n  i ce . 

4 . 1 4 E nz ymes f o r  c o u p l e d  r ea c t i on s  

G l u c os e - 6 - p h o s p ha t e  d e h yd r oge na s e  ( Bo e h r i ng e r  Man n h e i m )  a nd 

p h o s ph og l u c o s e  i s ome r a s e  ( Bo e hr i ng e r  Ma n n h e i m )  we r e  mad e  u p  

f r e s h  i n  d e i o n i s e d  wa t e r  a t  a c o n c e n t r a t i on o f  2 u n i t s ml - 1  

a nd s t o r ed o n  i ce . P y r uva t e  k i na s e / l a c t a t e  d e hydr og e n a s e  

( S i g ma ) was p r e pa r e d  a t  1 0 0  u n i ts ml - 1  i n  d e i on i s e d  wa t e r .  

4 . 1 5 Ad e n o s i n e - 5 1 -T r i ph o s ph a t e  ( AT P ) 

Ade n os i n e - 5' - t r i p h o s p ha t e  ( ATP ) ( 0 . 3  M )  was p r e pa r ed by 

d i s s o lv i ng 1 . 6 5 g ATP ( S i gma , g r a d e  I )  i n  5 ml d e i o n i s ed 

wa t e r  a n d  a d j us t i ng t h e  p H  t o  7 . 5  w i th 5 M NaOH a n d  ma k i ng 
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u p  t o  1 0  m1 w i t h  d e i o n i s e d  wa t e r . 

- 7 0° C . 

A1 i qu o t s  we r e  s t o r e d  a t  

4 . 2  P r epa r a t i o n o f  Ce l l -Fr e e  Enzyme E x t r a c t s  

Ce l l s  we r e  p r e -gr o wn i n  YEP me d i um ( 5 0 ml } f o r 4 8  h r  and 

i n o c u l a t e d  ( 1 - 2  ml } i nt o  2 5 0 ml YEP med i um .  Fo l l o w i ng 

i nc ubat i o n f o r 1 6  o r  4 2  h r , t h e  c e l l s we r e  ha r ve s t e d  by 

c e nt r i f ugat i o n at 4 , 0 0 0  x g f o r 1 0  mi n at 4 c.· c ,  wa s hed t w i c e  

w i t h  c o ld wa t e r  ( 1 0 0  ml } a nd r e s u s p e nd e d  i n  1 0  ml 0 . 1  M 

T r i s - HCl , pH 7 . 5 , c o n t a i n i n g 0 . 2  ml P M S F . F o l l ow i n g  two 

pa s s a g e s  t h r o ugh a Fr e nc h  p r e s s  a t  1 0 , 0 0 0  l b  i n-2 , 

c e l l u l ar d e br i s  wa s r e moved by c e n t r i f ugat i o n a t  1 7 , 5 0 0  x g 

f o r  2 0  m i n  a t  4 ° C . The s u pe r na t a n t  wa s u s e d as a c e l l ­

f r e e  e x t r a ct a nd wa s s t o r e d a t  o o c  o n  i c e u nt i l  u s e d . 

Enzyme a nd p r o t e i n  a na l ys e s  we r e  pe r f o r med o n  the same d a y  

a s  t h e  e x t r a c t i o n . 

4 . 3  Enzyme As says 

4 . 3 1 Mea s u r e me n t  o f  S p e c i f i c  Ac t i v i t i e s  

E n z yme a c t i v i t i e s we r e  mea s u r e d  b y  f o l l o w i ng chan g e s  i n  

a b s o r ba n c e  o f  c o f a c t o r s  a t  3 4 0  n m  a t  3 0 ° C  w i t h  a Ce c i l  CE 

5 9 9  r e c o rd i n g s pe c t r o p h o t o me t e r . Enzyme s we r e  s u i ta b l y  

d i l ut e d  i n  e i t h e r  2 0  mM T r i s - HCl , p H  7 . 5  o r  2 0  mM K P B ,  p H  

7 . 0  i n  o r d e r  t o  me a s u r e  a c t i v i ty i n  t h e  l i n e a r  r a nge . 

R e a c t i o n m i x t u r e s  ( 3  ml t o ta l } i n  c uve t t e s  we r e  s e t  u p  a nd 

t h e  r e a c t i o n s ta r ted by t h e  add i t i o n o f  e i t h e r  e n z yme , 

s u b s t r a t e  o r  c o f a c t o r . One u n i t  wa s t h e  r e d uct i o n o r  

o x i da t i o n o f  1 �mo l e  c o f a c t o r  m i n - � . S p e c i f i c a c t i v i t y 

wa s e xp r e s s ed as un i t s ( mg p r o t e i n } - 1 • 
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Al l e nzyme a s says and p r o t e i n  c o nc e n t r a t i o n d e t e r m i na t i o n s  

we r e  d o n e  i n  d u p l i ca t e . I n  mo s t  c as e s , ana l ys e s  we r e  a l s o  

p e r f o rmed o n  t wo i nd e pe nd e n t l y  p r e pa r e d  ce l l - f r e e  

e xt r a c t s . S uga r s  and s ug a r  a l c o h o l s  u s e d  a s  subs t r a t e s  

we r e  Ana l a R  grade . 

Q ua r t z  cuve t t e s  we r e  u s e d  f or t h e  as s a ys and we r e  c l e a n e d  

b y  bo i l i n g  i n  3 0 %  n i t r i c  a c i d  f o r  1 5  m i n ,  f o l l owed b y  

s e ve r a l  r i ns e s  i n  d e i on i s e d  wa t e r  a n d  a f i na l r i n s e  i n  

9 5 % e t ha no l . 

4 . 3 2 R e a c t i o n M i x t u r e s  

4 . 3 2 1  H e x o s e -ATP - k i na s e  ( ATP D - h e x o s e  6 - ph o s p h o -
t r a n s f e r a s e , E C  2 . 7 . 1 . 1 ; ATP : D - g l u c o s e  6 - pho s ph o ­
t r a n s f e r a s e , E C  2 . 7 . 1 . 2 ) 

T h e  D -g l uc o s e - p h o s ph o r y l a t i ng a c t i v i t y o f  ce l l - f r e e  

e xt r a c t s  wa s a s s ayed by f o l l o w i n g  t h e  i nc r e a s e  i n  N AD P  

a bs o r bance a c c o r d i ng t o  t h e  me t h o d  o f  J o s h i a nd Jaga nna t h a n  

( 1 9 6 6 ) . The r e a c t i o n m i xt u r e  c o n s i s t e d  o f  1 5  mM D -

g l u c o s e ,  1 0  mM ATP , 0 . 1 3 mM NADP , 0 . 6  un i t s g l uc o s e - 6 -

p h o s p ha t e  d e hyd r o g e na s e , 2 0  mM M g C l 2  i n  2 0  mM Tr i s - H C l  

b u f f e r , pH 7 . 5 .  D - F r uc t o s e - ph o s p h o r y l a t i n g  a c t i v i t y  wa s 

a s s ayed w i t h  t h e  s a me r e a c t i on m i x t ur e ,  w i t h  t h e  add i t i o n 

o f  0 . 6  u n i t s  o f  p h o s ph o g l uc o s e  i s ome r a s e . D - F r u c t o s e  ( 1 5 

mM ) r e p l a c e d  t h e  D - g l u c o s e . T h e  r e a c t i o n s  we r e  s t a r t e d by 

the add i t i o n of 0 . 1  ml s u i ta b l y  d i l u t e d  e n z yme and 0 . 1  ml 

s t oc k  ATP ( 0 . 3  M )  and p l o t t e d  f o r  1 5  mi n .  A r a t e  o f  

i nc r e a s e  i n  o p t i ca l  d e ns i t y  o f  b e t we e n  0 . 0 0 5  and 0 . 0 3 0  

m i n- L  wa s c o n s i d e r e d sa t i s f a c t o r y . 

c o n t r o l s  wh i c h  l a c k e d  ATP wa s 

T h e  a c t i v i ty i n  

a l s o  me a s u r e d  a n d  
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s u b st r a ct e d  f r om the a ct i v ity va l ue o bta i ne d  f o r  t h e  

e n z yme . 

4 . 3 2 2  P h o s ph o g l u c o s e  i s o me r a s e  ( EC 5 . 3 . 1 . 9 )  

T h e  a ct i v i ty o f  p h o s p h og l u c o s e  i s ome r a s e  i n  c e l l - f r e e  

e xt r a cts was f o l l owed s p e ct r o p h ot o metr i ca l l y b y  t h e  met h o d  

o f  N o ltma n n , ( 1 9 6 6 ) . T h e  r e a ct i o n m i xt ur e  was 0 . 1  M T r i s ­

H C l , pH 8 . 0 ; 1 . 7  mM D - f r u ct o s e  6 - ph o s phat e , 0 . 5  mM N AD P  a nd 

0 . 6  u n i t s  g l uc o s e - 6 - ph o s phate d e h yd r oge na s e . Afte r s e v e r a l  

m i n ut e s  t o  a l l ow o x i dat i on o f  a n y  D - g l uc o s e - 6 - p h o s phate i n  

t h e  r ea ct i on m i xtur e ,  the p h o s ph og l uc o s e  i s o me r a s e  r e a ct i o n 

wa s i n it i at e d  b y  t h e  add i t i on o f  1 5  p l  o f  d i l ut e d  c e l l - f r e e  

e xt r a ct . An i nc r e a s e  i n  a b s o r ba n c e  betwe e n  0 . 0 0 5  a nd 

0 . 0 3 0  m i n- 1  was s at i s f a cto r y .  A c o ntr o l  r e a ct i on w i t h o ut 

t h e  D - f r ucto s e - 6 - p h o s p hate was a l s o  a s s a y e d . 

4 . 3 2 3  G l u c os e - 6 - ph o s phate d e h yd r ogena s e  ( EC 1 . 1 . 1 . 4 9 ) 

T h e  r ea ct i o n  m i xt ur e  c o n s i sted o f  2 0  mM T r i s - H C l , p H  7 . 5 , 

2 0  mM Mg C l 2  and 0 . 1 3 mM NADP . T h e  d i l uted e nz yme wa s 

a d d e d  ( 0 . 1 ml ) a nd the r e a ct i on started b y  the add i t i on o f  

D -g l uc os e - 6 - p h o s phate t o  a f i na l  c o n c e nt r at i on o f  1 5  mM .  

M i xtur e s  l a c k i ng D -g l uc o s e - 6 - p h o s phate we r e  u s e d  a s  

c o ntr o l s . A r at e  o f  c h a ng e  i n  a b s o r ba n c e  s i m i l a r  t o  t h e  

h e x o k i n a s e  a s s a y  was a c c e pta b l e . 

4 . 3 24 Xyl o s e  R e du cta s e  ( Al d o s e  R e d u cta s e , E C  1 . 1 . 1 . 2 1 )  

Xyl o s e  r e d ucta s e  a ct i v ity wa s mea s ur e d  b y  the met h od o f  

S u zu k i & O n i s h i  ( 1 9 7 3 ) . T h e  r ea ct i on m i xt u r e  c o nta i ne d  7 0  

mM K P B ,  pH 7 . 0 , 0 . 1 3 mM N ADP H a nd l O O  mM D - xy l o s e . T h e  

e nz yme was d i l uted a nd a d d e d  ( 0 . 1  ml ) t o  t h e  r e a ct i o n 

m i xtur e a n d  the c h a ng e  i n  a b s o r ba n c e  p l otted f or s e v e r a l  
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m i nut e s . A d e c r e a s e  i n  a b s o r ba n c e  o f  b e t we e n  0 . 0 5 a nd 0 . 1 0 

m i n- 1  wa s s a t i s f a c t o r y . C o nt r o l s  w i t h o u t  s u b s t r a t e  we r e  

r u n . I n  s ome e x p e r i me nt s , a c t i v i ty wa s a l s o  me a s u r ed u s i ng 

D - g l u c o s e  a s  the s u bs t r a t e  a nd a l s o  r e p l a c i ng t he N ADPH 

c o f a c t o r  w i t h  NADH . 

4 . 3 2 5  Xyl i t o l  Dehyd r o g e na s e  ( EC 1 . 1 . 1 . 9 )  

Ald i t o l  r e d u c t a s e  ( xy l i t o l  d e h yd r o ge na s e ) a c t i v i t y wa s 

me a s u r e d by the me t h od o f  T o u s t e r  & M o n t e s i  ( 1 9 6 2 ) . T h e  

r e a c t i o n mi xt u r e  c o ns i s t e d  o f  4 mM T r i s - H C l , pH 9 . 0 , 1 mM 

L - cys t e i n e ( f r e s h l y  p r e pa r e d ) ,  5 mM MgCl 2 ,  2 mM NAD a nd 

1 0 0  mM xyl i t o l . The c o n t r o l  l a c k e d  t h e  s u b s t r a t e . T h e  

e n zyme p r e pa r at i o n  wa s a p p r o p r i a te l y  d i l u t e d  i n  4 mM T r i s ­

H C l , pH 9 . 0 , the r e a c t i o n s t a r t e d  by t h e  add i t i o n o f  0 . 1  

ml e n zyme a nd me a s u r e d a t  a n  i n c r e a s e  o f  be twe e n  0 . 0 0 5  

a nd 0 . 0 1 0  mi n- 1 • Enzyme a c t i v i t y wa s a l s o  me a s u r e d w i t h 

D - s o r b i t o l  a s  the s u b s t r a t e . 

4 . 3 2 6  F r u c t o k i na s e  ( EC 2 . 7 . 1 . 3 )  

T h e  me t h o d  o f  Ad e l ma n e t  a l . ( 1 9 6 7 ) wa s u s e d  t o  me a s u r e  

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

p h o s p h a t e . The r e a c t i o n 

D - f r u c t o s e  

mi x t u r e  

t o  D - f r uc t o s e - 1 -

c o ns i s t ed o f  3 0  mM 

t r i e t ha n o lami ne bu f f e r , 

( K C l ) ,  0 . 3  mM NADH , 

pH 7 . 5 , 1 0 0  mM p o t a s s i um c h l o r i d e  

1 5  mM ATP , 2 0  mM MgC l 2 ,  3 . 3  mM 

p h o s p h o - e n o l - pyr uva t e , 1 0  u n i t s  o f  p r u va t e  k i na s e  a nd 

l a c t a t e  d e h yd r o g e na s e  a nd 5 mM D - f r uc t o s e . S e ve r a l  

c on t r o l s  we r e  n e c e s s a r y . Ac t i v i ty i n  a c o nt r o l  l a c k i n g ATP 

wa s me a s u r e d a nd s u bs t r a c t e d . T h e  h e x o s e -ATP - k i na s e  

a c t i v i ty wi th D - f r u c t o s e  a s  t h e  s ub s t r a t e  wa s a l s o  me a s u r ed 

a nd s u b s t r a c t e d  f r om the va l u e  

f r u c t o k i na s e  act i v i t y . 

o bt a i ned f o r  t h e  
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4 . 3 3 D e t e r m i na t i o n o f  P r o t e i n  C o n c e n t r a t i o n  

P r o t e i n  wa s d e t e r mi n e d  b y  t he me t h o d  o f  E h r e s ma n n  e t  a l . 

( 1 9 7 3 ) . T h e  a b s o r bance o f  t h e  s u i ta b l y  d i l ut ed ce l l - f r e e  

e xt r a c t  wa s me a s u r e d  aga i ns t  a wa t e r  b l a n k  a t  2 2 8 . 5  a n d  

2 3 4 . 5  nm us i ng a Pye -Un i cam S P 1 8 0 0  s pe c t r o ph o t ome te r . A 

s t a nd a r d  c u r ve wa s c o n s t r u c t e d  u s i ng bov i ne s e r um a l bu mi n . 

T h e  a bs o r ba n c e  o f  e a c h  p r o t e i n  s o l ut i o n wa s me a s u r e d  a t  

2 2 8 . 5  n m  a nd 2 3 4 . 5  nm . T h e  d i f f e r e n c e  b e t we e n  t h e  2 2 8 . 5  n m  

va l ue a n d  t h e  2 3 4 . 5  n m  va l ue , mu l t i p l i ed b y  a f a c t o r  o f  1 0 0  

wa s p l o t t e d  ve r s us p r o t e i n  c o n c e n t r a t i o n .  The va l u e s  

c a l c u l a t e d  we r e  l i n ear u p  t o  a p r o t e i n  c o n c e n t r a t i o n o f  a t  

l e a s t  1 2 5 . 0  pg ml- 1 ( F i g u r e  A2 ) .  

5 .  CHROMATOGRAP H Y  OF CEL L - FREE EXTRACTS 

5 . 1  Ma t e r i a l s  

5 . 1 1 P o t a s s i um P h o s phate Bu f f e r  ( KP B ) 

S t o c k  ( 0 . 2  M )  s o l u t i o ns o f  p o t a s s i um d i hyd r o g e n  p h o s p h a t e  

( K H::;;:P 04 ) ( BDH , Ana l aR ) a nd d i p o t a s s i um hyd r o g e n  

o r t h o p h o s p ha t e  ( K 2HP04 ) ( B DH , Ana l a R ) we r e  p r e p a r e d . S t o c k  

s o l ut i o n s  o f  bu f f e r  we r e  p r e pa r e d  a s  f o l l ows .  A s t o c k  

s o l u t i o n o f  bu f f e r  ( s t o c k  A ,  p H  7 .  4 a t  2 5 ·=-c ) , wa s p r e pa r ed 

by c o mb i n i n g 1 9 . 0  ml K2 HP04 w i t h  8 1 . 0  ml o f  KH::;;:P 04 . A 

s t o c k  s o l u t i o n o f  bu f f e r  ( s t o c k  B ,  pH 7 . 9  a t  2 5 ·=-c ) ,  wa s 

p r e pa r e d  by c o mb i n i n g 1 4 . 0  ml K H2P 04 w i t h  9 3 . 0  ml K z H P 04 . 

( Mu nr o ,  1 9 7 0 ) .  S t o c k  bu f f e r s  we r e  d i l ut e d  a nd c o mb i ne d  

w i t h  E D T A  a nd 2 -me r c a p t o e t ha n o l  f o r  t h e  p r e pa r a t i on o f  

w o r k i n g  s t r e ngth bu f f e r s . S t o c k  A wa s u s e d  t o  pr e pa r e  1 0  
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mM K P B , p H  7 . 5  ( 4° C ) and s t o c k  B wa s u s e d  t o  p r e pa r e  1 0  mM 

KP B ,  0 . 2  M NaCl , pH 7 . 5  ( 4 ° C ) . 

Wor k i ng s t r e ngth b u f f e r s  u s e d  f o r  a n i o n - e xchange 

c h r o ma t o gr a phy and e n zyme pur i f i cat i on we r e  10  mM K P B  

c o n t a i n i ng 2 mM 2 -me r ca p t o e t ha n o l  a nd 1 mM E DTA . E l ut i o n 

bu f f e r , i n  add i t i o n ,  c o nta i n ed 0 . 2  M Na C l . The f i na l  p H  o f  

e a c h  bu f f e r  wa s 7 . 5  a t  4 ° C . 

5 . 1 2 D i e thylami n o e t hy l  Ce l l u l o s e  ( DEAE -Ce l l u l o s e ) 

The a n i on - e xchange r ( Whatma n  DE- 5 2 ) wa s p r e pa r e d , a c c o r d i ng 

t o  t h e  ma n u f a c t u r e r s  i ns t r uc t i o ns , by s u s pe nd i ng 6 0  g d r y  

we i gh t  mat e r i a l  i n  0 . 2  M K P B , p H  7 . 5  ( 1 5 m l  g- 1 ) ,  ad j u s t i ng 

t h e  pH t o  7 . 5  w i t h  0 . 2  M KH2P04 a n d  a l l o w i ng t o  s e t t l e . 

The s u p e r natant c o nt a i n i ng t h e  f i n e s  wa s d e c a n t e d  and t h e  

DEAE - c e l l u l o s e  r e s us p e nd e d  i n  1 0  mM K P B ,  pH 7 . 5  ( 3 0 m l  

g- 1 ) and p l aced i n  a 2 l i t r e  me a s u r i n g cyl i nd e r . T h e  r e s i n  

wa s a l l o we d  t o  s e t t l e  f o r  2 h r  a nd 8 0 % o f  the s u p e r n a ta n t  

wa s d i s c a r d e d . 

c h r o ma t o g r a phy . 

T h i s  s l u r r y  wa s u s e d  t o  p o u r  a c o l umn f o r  

The DEAE -ce l l u l o s e  e xc ha nge r wa s s t o r ed 

a t  4 ° C  i n  bu f f e r  c o n ta i n i ng 0 . 0 2 %  s od i um a z i d e . 

5 . 2  He x o s e -ATP - K i na s e  Spot T e s t  

T h e  s p o t  t e s t  deve l o p e d  b y  S c h u l z e  e t.  a l . ( 1 9 6 6 ) wa s u s ed 

f o r  t he d e t e c t i o n o f  h e x o s e -ATP - k i na s e  a c t i v i t y i n  e l ua n t  

f r a c t i on s . The r e a g e n t  wa s p r e pa r ed by add i ng 3 . 0  m1 o f  

0 . 1  M ATP t o  1 4 . 0  ml 1 . 6 % MgC l 2 s o l u t i on c o nta i n i ng 0 . 0 0 6 % 

c r e s o l  r ed i nd i ca t o r . Na OH ( 0 . 1  M )  wa s a d d e d  u nt i l  t h e  

c o l ou r  be c ame r ed d i s h - pu r p l e  ( p H a p p r o x i ma t e l y  9 . 0 ) . 

F o l l o w i n g  t h i s ,  3 ml o f  0 . 1  M g l ycyl g lyc i ne -NaOH ( pH 9 . 0 )  

wa s add e d  a nd t h e  mi x t u r e  d i l u ted w i t h  d e i o n i s e d  wa t e r t o  
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3 0  ml . P r i o r t o  u s e , 5 . 0  ml o f  0 . 2  M g l u c o s e  wa s a d d e d . 

A samp l e  ( 1 0 - 2 0  p l ) o f  e a c h  f ra c t i on t o  be t e s t e d  wa s 

a d d e d  t o  0 . 2 4 ml o f  t he r e a c t i o n m i x t u r e  i n  a m i c r o t i t r e  

p l a t e  and t he c o l o ur c ha n g e  r e c o r d e d . Fract i o ns w i t h  

a c t i v i t i e s  o f  0 . 5  u n i t  ml- 1 o r  mor e  c ha ng e d  the c o l o ur 

f r om r e d d i s h - pu r p l e  to ye l l o w  w i t h i n  1 5  - 3 0  mi n ,  wh i l e 

f r ac t i o n s  w i t h  l owe r a c t i v i t i e s  gave c o l o u r  c h a n g e s  w i t h i n  

o n e  t o  s e ve r a l  h o u r s . 

5 . 3  An i on -Exchange Chr o ma t ogr aphy 

Ce l l - f r e e  e x t r a c t s  we r e  s ub j e c t e d  t o  DEAE- ce l l u l o s e  

c h r oma t o g r a phy . The c e l l s we r e  gr own i n  YEP me d i um f o r  4 2  

h r  a nd a ce l l - f r e e  e x t r a c t  pr e pa r e d  a s  d e s c r i be d  i n  

Ma t e r i a l s  & Me t h o d s  4 . 2 , e x c e pt t h e  ce l l s we r e  r e s us p e nd e d  

i n  5 0  mM K P B , pH 7 . 5  c o nta i n i ng e i t h e r  0 . 2  mM o r  2 . 0  mM 

p h e nylme t ha n e s u l ph o n y l  f l u o r i d e  ( PM S F ) . 

T h e  e n z yme wa s d e s a l t e d  by o n e  o f  two me t h od s . The 

e xt r a c t  wa s d i a l y s e d  a ga i ns t  1 0  mM K P B , p H  7 . 5 . D i a l ys i s  

t u b i ng wa s p r e pa r e d  by bo i l i ng i n  d e i o n i s e d  wa t e r  f o r 1 0  

m i nu t e s  and t h e  e x t r a c t  wa s p l a c e d  i n  t h e  t u b i n g . D i a l ys i s  

wa s c o nd u c t e d  f o r  2 hr aga i ns t  1 0  mM KPB ( 1  l i t r e ) a t  4 °C 

a nd t h e n  ove r n i ght aga i n s t  a f u r t h e r  1 l i t r e . 

A l t e r na t i ve l y ,  t h e  c e l l - f r e e  e x t r a c t  wa s d e s a l t e d  by 

pa s s i ng t h r o ugh a c o l umn ( 2 . 5  x 1 0 . 0  c m )  o f  S e p had e x  G- 2 5  

( P ha r ma c i a ) e q u i l i br a t e d  w i t h  1 0  mM K P B , pH 7 . 5  c o nta i n i ng 

2 mM PMSF . 

Chr omat ography wa s c o n d u c t e d  a t  4 ° C . Typ i ca l l y ,  f i f t e e n  

u n i t s o f  D -g l u c o s e - p h o s ph o r y l at i ng a c t i v i t y we r e  
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c h r oma t o gr a p h e d  o n  a DEAE -c e l l u l o s e  c o l umn ( P ha rma c i a ,  1 . 6  

x 2 0 . 0  cm ) e qu i l i br a t e d  w i t h  1 0  mM KP B ,  pH 7 . 5 .  The e x t r a c t  

wa s l oa d e d  o n t o  t h e  c o l umn , wa s h e d  w i t h  2 b e d  c o l umn 

v o l ume s ( 8 0 ml ) o f  bu f f e r  and e l ut e d  w i t h  a l i ne a r  

g r a d i e n t  o f  0 - 0 . 2  M Na C l  i n  2 5 0  m l  bu f f e r . The f l ow r a t e  

wa s ma i nt a i ne d  a t  3 0  m l  h r - � w i t h  a p e r i s ta l t i c  pump . 

Fra c t i o ns ( 5  ml ) we r e  c o l l e c t e d  w i t h  a LKB U l t r o r ac 7 0 0 0  

f r ac t i o n c o l l e c t o r  and a s s ay e d  f o r D - g l uc o s e  and D ­

f r u c t o s e - p h o s ph o r y l a t i ng a c t i v i t y . The c h r o ma t o g r a p h y  

pr o c e d u r e  i s  s c h e ma t i ca l l y r e pr e s e n t e d  i n  P l a t e  4 .  T h e  

s hape o f  t h e  grad i e n t  wa s che c k e d  w i t h  a P h i l i ps PW9 2 5 2 5  

c o nd u c t i v i ty me t e r . The pr o t e i n  c o n c e n t r a t i o n o f  t he 

f r ac t i o ns wa s d e t e r m i ne d  by me a s u r e me n t  o f  abs o r ba n c e  a t  

2 8 0  nm aga i ns t  a b l a n k  c o n t a i n i ng 1 0  mM K P B . 

6 .  K I NET I C  S TUD I E S ON HEXOK I N ASE A 

6 . 1  P r epa r a t i o n o f  C i ba c r o n  B l ue F 3 G - A  ( B l u e  S e pha r o s e ) 

The me t h o d  d e s c r i be d  by Atk i ns o n  e t  a l . ( 1 9 8 1 )  wa s u s e d  t o  

c o va l e n t l y  l i n k  t he t r i a z i ne d ye , C i ba c r o n  B l u e  F 3 G - A ,  t o  

S e pha r o s e  6 B -CL . An add i t i o na l wa s h  w i t h  Tr i s - HCl ( pH 9 . 0 )  

wa s i nt r od u c e d  i nt o  t h e  me t h o d  t o  r e move a ny d ye u n s t a b l e  

a t  t h e  h i g h e r  pH . S e pha r o s e  ( 6 B - CL ) ( 1 5 0  ml pa c k e d  vo l ume ) 

wa s wa s he d  o n c e  w i t h  5 0 0  ml d e i o n i s e d  wa t e r  a nd wa t e r  wa s 

a d d e d  t o  g i ve a vo l ume o f  4 2 0  ml . Tr i a z i ne d ye ( C i ba c r o n  

B l ue F 3 G - A ) wa s a d d e d  ( 1 . 6 4 g d i s s o l ved i n  1 2 0  m l  wa t e r ) 

f o l l o we d  by t h e  add i t i o n o f  s o d i um c h l o r i d e  ( Na C l ) ( 6 0 ml 

o f  4 M s o l ut i on ) . S od i um hyd r o x i d e  ( Na O H ) wa s add e d  ( 6  

ml o f  1 0  M s o l ut i o n )  and t h e  S e p ha r o s e  wa s i ncuba t e d  a t  

3 0 ° C  f o r  4 8  hr w i t h  g e n t l e  s wi r l i n g f r o m an ove r h e a d  
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P l a t e  4 :  S c h e ma t i c  D i agram o f  An i o n -E x c h a n g e  
Chr oma t ography . 
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s t i r r e r . Fo l l ow i ng t h i s ,  t h e  S e p ha r o s e  wa s p la ced i n  a 

s i nt e r e d  g la s s  f unne l a nd was he d  w i t h  1 l i t r e  o f  e a c h  o f  

t h e  f o l l ow i ng i n  o r d e r : d e i on i s e d  wa t e r , 1 M Na C l / 2 5 % 

e t ha n o l ,  d e i o n i s e d  wa t e r , 1 M Na C l /  0 . 2  M KPB ( pH 7 . 0 ) ,  

d e i o n i s e d  wa t e r , 0 . 2  M Tr i s -H C l  ( pH 9 . 0 )  a nd de i o n i s ed 

wa t e r .  T h e  B l ue S e pha r o s e  wa s e qu i l i br a t ed with 0 . 2  M KPB 

( pH 7 . 5 ) and s t o r e d  in t h i s  bu f f e r  w i t h  0 . 0 2 % s od i um a z i d e  

a t  4�c . 

6 . 2  E nzyme P ur i f i cat i o n 

F o r  pur i f i ca t i o n o f  t h e  h e x o k i na s e  t he c e l l - f r e e  e x t r a c t  

wa s p r e pa r e d  a s  d e s c r i be d  i n  Ma te r i a l s  & M e t h o d s  4 . 2 .  

Ce l l s  we r e  c u l t i va t e d  i n  YEP - g l u c o s e  f or 4 2  h r . P M S F  wa s 

a d d e d  t o  the e xt r a c t i o n  bu f f e r  a t  a f i na l c o nc e n t r a t i o n  o f  

2 mM . The pur i f i cat i o n wa s c o n d u c t e d  a t  4 ° C  and t h e  

p r o ce d u r e  i s  s ummar i s e d  i n  F i gu r e  2 .  

T h e  e x t r a c t  wa s s ub j e ct e d  t o  p r e c i p i t at i o n w i t h  

s t r e p t omyc i n  s u l p hate . T h e  c e l l - f r e e  e x t r a c t  was p l a c e d  i n  

a s ma l l  be a k e r  wh i c h wa s t h e n  p l a c e d  i ns i d e  a l a r ger be a k e r  

f i l l e d  w i t h  i c e . S t r e p t o myc i n  s u l pha t e  p o wd e r  ( G l a x o ) wa s 

a d d e d  s l owly t o  a f i na l  c o n c e n t r a t i on o f  0 . 7 % wh i l e 

s t i r r i ng w i t h  a ma gne t i c  s t i r r e r . T h e  e x t r a c t  wa s le f t  f o r  

2 0  m i n ,  c e nt r i f u ged a t  1 7 , 5 0 0  x g f o r  1 5  mi n a n d  t h e  

s u pe r na ta n t  pur i f i ed f u r t he r . 

T h e  c e l l - f r e e  e x t r a c t  wa s d e s a l t e d  r a p i d l y by pa s s i ng 

t h r o u g h  a S e phad e x  G - 2 5  c o l umn 

e q u i l i br a t e d  w i t h  1 0  mM K P B  ( pH 7 . 5 ) 

( 2 . 5  cm x 1 0 . 0  cm ) 

c on t a i n i ng 2 mM P M S F . 

T h e  e xt r a c t  wa s l oaded o n t o  a DEAE -Ce l l u l o s e  c o l umn ( 1 . 6  x 

2 0 . 0  cm ) ,  wa s hed w i t h  1 5 0  ml o f  bu f f e r  a nd e l ut e d  w i t h  a 



F i gu r e  2 :  Pu r i f i cat i o n o f  H e x o k i na s e  A 

P � CH YSO L E N  T �NNOPH I L US CEL L S  
Was he d  a n d  r e s us pe nd e d  i n  
1 0 0  mM T r i s -HCl ( pH 7 . 5 } ,  
2 mM 2 -me r capt o e t ha n o l , 
1 mM EDTA, 2 mM PMSF 

P a s s e d  t h r o ug h  F r e n c h  P r e s s  
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C e nt r i f ug e d  a t  1 7 , 5 0 0  x g f o r  2 0  m i n  
S t r e p t o myc i n  

S u l ph a t e  
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! Ce n t r i f ug e d  a t  1 7 , 5 0 0  x g f o r  1 5  m i n  
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AFF I N I TY 
CHROMATOGRAP H Y  
B l ue S e phar o s e  

P o o l e d  f r a c t i on s  c o n ta i n i ng 
H e x o k i na s e  A 

E n z yme d i a l ys e d  o ve r n i ght a ga i ns t  
5 mM K P B  ( p H 6 . 5 ) ,  5 mM M g C l 2 , 
2 mM 2 -me r c a pt o e t ha n o l , 1 mM EDTA 
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0 - 0 . 2  M NaCl grad i e nt . He x o k i na s e  a c t i v i ty wa s d e t e c t e d  i n  

t h e  f r a c t i o ns w i t h  t h e  s po t  t e s t . The p e a k  f r ac t i o ns 

( typ i ca l l y 6 ) ,  c o r r e s p ond i ng t o  h e xo k i na s e  A ,  we r e  p o o l e d  

a nd d i a l ys e d  ove r n i g h t  aga i ns t  

c o nta i n i ng 5 mM MgCl2 . 

5 mM K P B  ( pH 6 • 5 ) 

The e nzyme wa s f ur t h e r  p u r i f i e d  by a f f i n i ty 

o n  B l u e S e pha r o s e  a s  d e s c r i be d  b y  Ea s t e rd a y  

c h r oma t o g r a p h y  

& Ea s t e r d a y  

( 1 9 7 4 ) . The e n zyme wa s l oa d e d  o n t o  a B l u e  S e phar o s e  c o l umn 

( 1 . 6  cm x 1 8 . 0  cm ) , e qu i l i br a t e d  w i t h  5 mM K P B  ( pH 6 . 5 )  

c o nta i n i ng 5 mM MgCl2 . T h e  e nz yme wa s l oaded o n t o  t h e  

c o l umn at a f l o w  r a t e  o f  1 0  ml m i n- � . The c o l umn wa s 

wa s he d  w i t h  2 0 0  ml 5 mM K P B  ( pH 6 . 5 ) ,  5 mM MgCl2 a nd t h e  

e n zyme e l uted w i t h  1 0  mM T r i s -HCl bu f f e r  ( p H 8 . 5 ) 

c o nta i n i ng 1 5  mM ATP a t  a f l ow r a t e  o f  2 0  m l  mi n- � . T h e  

e n zyme e l u ted i n  s e ve r a l  2 ml f r a c t i o ns and wa s s t o r e d  o n  

i c e . 

6 . 3  P o l ya c rylam i d e  D i s c Ge l E l e c t r ophor e s i s  

6 . 3 1 He x o s e -ATP - K i na s e  Ac t i v i t y S ta i n  

H e x o s e -ATP - k i na s e  a c t i v i t y  s ta i n  wa s s i m i l a r  t o  t hat u s e d  

b y  P i l k i s  ( 1 9 7 5 } a nd c o n s i s t e d  o f  5 0  mM Tr i s - HCl , pH 7 . 5 , 

1 0  mM MgC l 2 , 6 mM ATP , 1 . 3  mM NADP , 1 . 7 5 u n i t s ml - �  

g l uc o s e - 6 - p h o s phate d e hyd r o g e na s e ,  0 . 6  mM n i t r o  b l u e  

t e t r a z o l i um ( S i gma ) ,  1 0  mM p h e na z i ne me t h o s u l p ha t e  

( S i gma ) ,  1 5  mM D - g l uc o s e . 

6 . 3 2 C o o ma s s i e  Br i l l i a nt B l ue S ta i n  f o r  P r o t e i n  

P r o t e i n  wa s s ta i ned w i t h C o o ma s s i e  Br i l l i a n t  B l ue R - 2 5 0  

( S i gma ) ,  p r e pa r e d  by d i s s o lv i ng Cooma s s i e  B l u e a t  a 



c o n c e n t r a t i o n o f  2 0  mg ml- 1 i n  me t ha n o l 

wa te r ( 2 : 1 : 7 ) . 

6 . 3 3 D i s c Ge l E l e ct r o p h o r e s i s  

s s  

a c e t i c  a c i d  

D i s c  ge l e l e c t r o p h o r e s i s  wa s ba s e d  o n  t h e  me t h o d  o f  

Gabr i e l  ( 1 9 7 1 ) . 

6 . 3 3 1  P r e pa r at i o n o f  s t o c k  s o l u t i o ns 

The a c r y l a m i d e /me t hy l e n e - b i s -a c r y l a m i d e  wa s p r e pa r ed a s  a 

s t o c k  s o l ut i o n by d i s s o l v i ng 3 4 . 1  g a c r y l a m i d e  i n  a b o u t  7 0  

ml o f  wa t e r , s t i r r i ng u nt i l  t h e  s o l ut i o n had r e t u r n e d  t o  

r o o m  t e mpe r a t u r e , f o l l o we d  by add i t i o n o f  0 . 9 g me t h y l e ne 

b i s -a c r y l a m i d e . The s o l u t i o n wa s mad e  u p  t o  1 0 0  ml a nd 

f i l t e r ed t h r o ugh Wha tma n N o . 1 f i l t e r  pa p e r  a nd s t o r e d  a t  

4 ° C  i n  t h e  d a r k . 

Runn i ng ge l bu f f e r  ( x  5 s t o c k  s o l u t i o n )  ( 1 . 0  M Tr i s - H C l , p H  

8 . 8 )  wa s pr e pa r e d  b y  d i s s o l v i ng 6 0 . 5  g ( Tr i zma bas e ,  S i gma ) 

i n  a b o u t  3 0 0  ml d e i o n i s ed wat e r  a nd ad j us t i ng t h e  p H  t o  

8 . 8  w i t h  1 0  N HCL a nd ma k i ng t h e  vo l ume u p  t o  5 0 0  ml . 

S ta c k i ng ge l bu f f e r  ( x  5 s t o c k ) ( 0 . 5  M Tr i s - HCl , pH 6 . 8 )  

wa s p r e pa r e d  by d i s s o l v i ng 3 0 . 2 5 g ( Tr i z ma bas e ,  S i gma )  i n  

3 0 0  m l  d e i o n i s e d  wa te r ,  ad j us t i ng t he pH t o  6 . 8  w i t h  1 0  N 

H C l  a nd ma k i ng the vo l ume u p  t o  5 0 0  ml . R e s e r v o i r  bu f f e r  

wa s p r e pa r e d  a s  a s t o c k  s o l ut i o n ( x  1 0 ) by d i s s o lv i ng 6 . 0  g 

( Tr i zma ba s e , S i gma )  a nd 2 8 . 8  g g l yc i ne i n  1 l i t r e  o f  

d e i on i s ed wa t e r . T h e  f i na l pH wa s 8 . 3 .  P r i o r t o  u s e , 

br omophe n o l  b l ue tra c k i ng d ye wa s a d d e d  t o  t h e  r e s e r v o i r  

bu f f e r  a t  a f i na l c o nc e nt r a t i on o f  0 . 0 0 0 4  % .  

we r e  s t o r e d  a t  4 ° C  f o r  u p  t o  o n e  mo n t h . 

Al l b u f f e r s  
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T e t r a e thylme thyl e t h y l d i a m i ne ( TEMED ) wa s p r e pa r e d  by a d d i ng 

1 0 0  � 1  t o  2 0  ml wa t e r . Ammo n i um pe r s u l phate wa s pr e pa r e d  

f r e s h  b y  d i s s o l v i ng 2 0  mg i n  5 ml wa t e r . S u c r o s e  ( 5 0 % } wa s 

pr e pa r e d  by d i s s o l v i ng 5 g i n  1 0  ml d e i o n i s e d  wa t e r . 

The ge l s  we r e  p r e p a r e d  by add i t i o n o f  s t o c k  s o lut i o n s  as 

f o l l ows : 

( a )  Runn i ng ge l 

Ac r yl a m i d e / b i s  
Tr i s - HC l ,  pH 8 . 8  
TEMED 
Ammon i um pe r s u l pha t e  
d e i o n i s e d  wa t e r  

( b )  S ta c k i ng ge l 

Ac ry lami d e / b i s  
Tr i s - HCl , pH 6 . 8 
TEMED 
Ammo n i um pe r s u l pha te 
S uc r o s e  
d e i o n i s e d  wa t e r  

5 . 0  ml 
5 . 0  ml 
2 . 5  ml 
5 . 0  ml 
7 . 5  ml 

2 . 0  ml 
5 . 0  ml 
5 . 0  ml 
5 . 0  ml 
5 . 0  ml 
3 . 0  ml 

F i na l  c o nc e n t r a t i o n o f  t h e  r u nn i n g ge l wa s 7 %  a c r y l a m i d e , 

0 . 1 8 %  b i s -a c r y la m i d e , 0 . 0 8 % ammo n i um pe r s u l p hate , 0 . 2  M 

Tr i s - HCl , pH 8 . 8  and 2 . 8 % a c r y l a m i d e , 0 . 0 7 2 % b i s -

a c r ylami d e , 0 . 0 8 % ammo n i um pe r s u l p ha t e , O . l M Tr i s -HCl , pH 

6 . 8 , 1 0 %  s u c r o s e  f o r  t h e  s t a c k i ng ge l .  F o r  b o t h  ge l s , t h e  

ammo n i um pe r s u l p hate a nd TEMED we r e  a d d e d  l a s t . Af t e r  t h e  

a dd i t i o n o f  e a c h  s t o c k  s o l u t i o n ,  t he i ng r e d i e nt s  we r e  

t h o r o ug h l y  m i xe d  w i t h ge n t l e  s w i r l i ng t o  avo i d  the 

f o r mat i o n of bubbl e s . Ge l s  we r e  t h e n  p o u r e d  i mme d i a t e l y . 

6 . 3 3 2  P r e pa r at i o n o f  ge ls 

S ma l l  g l a s s  t u b e s  ( 1 . 0  x 1 0 . 0  cm ) we r e  b l o c k e d  a t  t h e  

l o we r  e nd w i t h Par a f i l m™ a nd p l a c e d  ve rt i ca l l y .  Runn i n g 
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ge l wa s p r e pa r e d  a nd ca r e f u l l y  p o u r e d  i n t o  t h e  tube s t o  

w i th i n  3 0  mm o f  t h e  t o p ,  ma k i n g  s u r e  n o  a i r  bubb l e s  we r e  

t r a p p e d . A i r  wa s e xc l u d e d  by g e n t l y  p l a c i ng wa t e r  o n  t h e  

s ur f a c e  o f  t h e  ge l w i t h  a pa s t e ur p i pe t t e . The a c r y l ami d e  

wa s a l l owe d t o  p o l yme r i s e f o r  1 h r  a n d  t h e  wa t e r  wa s g e nt l y  

r e moved b y  b l o t t i n g wi t h  t i s s u e  pape r . S ta c k i ng 

p o l ya c r y l a m i d e  wa s p r e pa r e d  a nd p o u r e d  o n  t o p  o f  t h e  

p o l yme r i s e d  r u n n i ng ge l t o  wi t h i n  2 0  mm o f  the t o p  o f  t h e  

t ube . F o l l ow i ng t he add i t i o n o f  wa t e r  t o  t h e  s ur f a c e , 

p o lyme r i s a t i o n wa s a l l o we d  t o  t a k e  p l a c e  f o r 3 0  mi n .  The 

t u be s we r e  p l a c e d  i n  t h e  e l e c t r o p h o r e s i s  tank ( B i o -Rad 

Mode l 1 7 5  Tube Ce l l ) a nd t h e  pa r a f i lm™ r e moved f r om the 

t u b e s . Pr i o r t o  l oad i n g o n  pr o t e i n ,  t he wa t e r  wa s g e n t l y  

r e moved b y  b l o tt i ng wi t h  a p i e c e  o f  t i s s ue . 

6 . 3 3 3  E l e c t r o p h or e s i s  

The p r o t e i n  ( 1 0 0  p l  o r  2 0 0  p l ) wa s l oaded o n t o  t h e  t o p  o f  

the ge l s  a nd e l e c t r o ph o r e s i s  wa s pe r f o r med at a c u r r e n t o f  

1 6  mA f o r a ppr o x i ma t e l y  3 0  mi n a t  4 ° C . Af t e r  the d ye 

f r o n t  had r e a c h e d  the i n t e r f a c e  be t we e n  the s ta c k i n g ge l 

a nd t h e  r un n i ng ge l ,  t h e  c ur r e n t  wa s i n c r e a s e d  t o  3 2  mA . 

Ge l s  we r e  r u n  f o r  1 hr unt i l  t h e  t r a c k i n g d ye wa s wi th i n  

0 . 5  c m  f r om t h e  b o t t om o f  t h e  ge l s . F o l l ow i n g r e mova l fr om 

the g l a s s  tube s ,  ge l s  we r e  sta i n e d  f o r  p r o t e i n  by i mme r s i n g 

i n  C o o ma s s i e  B l ue r e a g e n t  f o r  1 hr f o l l owe d by i mme r s i o n i n  

5 %  tr i c h l o r oa c e t i c  a c i d  f o r  1 0  m i n . 

Ge l s  we r e  d e s t a i n e d  by i mme r s i o n i n  buta n o l : a c e t i c  a c i d : 

wa t e r  ( 2 : 1 : 7 )  wi th s e vera l c h a n g e s  over s e ve r a l  days . 

H e x o k i na s e  wa s s ta i n e d  by i mme r s i o n i n  t h e  h e x o s e -ATP ­

k i na s e  a c t i v i t y s ta i n  f o r  1 5  mi n at r o o m t e mp e r a t u r e , 
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f o l l owe d by i mme r s i on i n  t h e  buta n o l : a c e t i c  a c i d : wa t e r  

mi x t u r e . 

F o r  p h o t og r a p h y ,  ge l s  we r e  p l ac e d  i n  1 . 2  x 1 0 . 0  cm t e s t ­

t u be s , p l a c e d  o n  a n  i l l umi nat i o n  b o x  a nd p h o t og r a p h e d  u s i ng 

T e c h  Pan 1 0 . 5  x 1 2 . 7  cm f i l m .  

6 . 4  D e t e r m i na t i o n o f  Km Va l u e s  

T h e  a c t i v i t y o f  h e x o k i na s e  A w i t h  b o t h  D - g l u c o s e  a nd D -

f r uc t o s e  a s  s ubs t r a t e s ,  wa s me a s ur e d  a t  a n umb e r  o f  

d i f f e r e nt s u b s t r a t e  c o n c e n t ra t i o n s . The r ea c t i o n mi x t ur e 

wa s s i mi lar t o  that u s e d  i n  Ma te r i a l s & Me t h o d s  4 . 3 2 1 ,  

e xc e pt ATP wa s a d d e d  t o  a f i na l  c o n c e nt r a t i o n o f  2 . 5  mM , 

i n s t e a d  o f  1 0  mM . The r e c i pr o ca l va l u e  o f  e a c h  i n i t i a l  

a c t i v i t y ( 1 /Vo ) wa s p l o t t e d  aga i ns t  t he r e c i pr oca l va l u e  o f  

t h e  s u bs t r a t e  c o n c e n t r a t i o n 1/ ( S ]  ( L i n e we ave r - Bur k e  p l o t ) . 

The be s t  f i t  l i n e  f o r e a c h  p l o t wa s c a l c u l a t e d  by app l y i ng 

l i ne a r  r e g r e s s i o n us i ng a bas i c  p r o g r a m  r u n  o n  an At ar i 

5 2 0 S T  c omput e r . The x - and y- i nt e r c e pt s  we r e  ca l c u l a t e d  

f r om t h e  equa t i o n f o r  t h e  l i ne a n d  u s e d  t o  e s t i ma t e  t h e  Km 

a nd Vma x va l u e s . The y i nt e r c e pt wa s t h e  1 /Vma x va l u e and 

t h e  x i n t e r c e p t  wa s t h e  - 1 /Km va l ue . 

6 . 5  I na c t i va t i on by D - Xyl o s e  

R e a c t i o n mi x t ur e s  we r e  s e t  up i n  g l a s s  cuve t t e s  a n d  p la c e d  

i n  t h e  h e a t e d  h o l d e r  o f  t h e  Ce c i l  CE 5 9 9  r e c or d i ng 

s pe c t r o p h o t o me t e r  a t  3 0 °C . P ur i f i e d  e n z yme ( 0 . 5  un i t s D­

g l uc o s e -p h o s p ho r y l a t i ng a c t i v i ty ) wa s i nc u b a t e d  w i t h  1 0 . 0  

mM MgC l 2 ,  4 . 0  mM ATP a nd 2 0  mM T r i s - H C l  ( pH 7 . 5 )  and 

e i t h e r  1 0 0  mM o r  2 5 0  mM D - x y l o s e  i n  a t o ta l vo l ume o f  l ml . 
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S a mp l e s  we r e  r emoved a t  0 t i me a nd a t  1 5  m i n i nt e r v a l s  a nd 

t h e  h e x o k i na s e  a c t i v i t y mea s ur e d  a s  d e s cr i be d  i n  

Ma t e r i a l s  & M e t h od s  4 . 3 2 1 . C o n t r o l  r ea c t i on m i xt u r e s  

l a ck i ng D - xyl o s e  we r e  a l s o  s e t  u p  a nd a c t i v i t i e s  mea s ur ed 

a t  1 5  m i n i nt e r va l s . 

7 .  PREPARAT I ON O F  DNA 

7 . 1  Mat e r i a l s  

7 . 1 1 E t h y l e n e d i a m i n e  t e t r a ac e t i c  a c i d  ( ED T A ) 

E DT A  ( Et hy l e n e  d i a m i n e  t e t raac e t i c  a c i d  

( CH2COOH ) ( CH2COONa ) 2 . 2 H20 ) wa s p r e pa r e d  a t  0 . 2 5 M b y  

d i s s o l v i ng 4 6 . 5 3 g  Na2 E D T A  i n  4 0 0  ml d e i o n i s ed wa t e r ,  

a d j us t i ng t h e  p H  t o  8 . 0  w i t h  5 M N a O H  a n d  mak i ng u p  t o  0 . 5  

l i t r e . 

7 . 1 2 Amp i c i l l i n 

Amp i c i l l i n  ( S i gma }  wa s p r e pa r e d  a s  a s t o c k  s o l ut i on a t  2 5  

mg m l - 1 i n  d e i o n i s e d  wa t e r , f i l t e r  s t e r i l i s ed a n d  s t o r e d  a t  

- 2 0° C . 

7 . 1 3 Lys o z yme 

L y s o z yme ( S i gma ) wa s p re pa r e d  a t  1 0  mg m l - 1 i n  T r i s - H C l , pH 

7 . 6 , ( 1 0 mM )  and s t o r e d  at - 2 0 ° C . 

7 . 1 4 P r o t e a s e  K 

P r o t e a s e  K ( S i gma ) wa s p r e pa r e d  a s  a 1 0  mg m l - 1 s t o c k  i n  

d e i o n i s e d  wa t e r ,  i nc ub a t e d  a t  3 7 °C f or 1 h r  t o  d i g e s t  

i mp u r i t i e s and s t or e d  a t  - 2 0° C . 

7 . 1 5 R i b o n uc l e a s e  A 

R i b o n u c l e a s e  A ( S i gma ) wa s p r e pa r e d  a t  a c on c e n t r a t i on o f  
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1 mg ml- 1 i n  d e i o n i s e d  wa t e r , h e a t e d  a t  9 0a c  f o r 1 0  m i n  t o  

d e s t r oy a n y  DNa s e  a c t i v i t y and s t o r e d  a t  - 2 o = c . 

7 . 1 6 S od i um D o d e cyl S u l ph a t e  ( S D S ) 

S od i um d od e c y l  s u l p h a t e  ( BD H ) was pr e pa r ed a s  a s t o c k  

s o l ut i on ( 1 0 % ) i n  d e i on i s e d  wat e r . 

7 . 1 7 S T E T  B u f f e r  

S TE T  bu f f e r  c onta i ne d : s u c r os e ,  

8 . 0 ; T r i t o n  X - 1 0 0  ( 5  m l  l - 1 } ;  

7 . 1 8 Tr i s - s at u r a t e d  P h e n o l  

T r i s - s a t u r a t e d  phe no l ( BD H ,  

8 g l - 1 ; 5 0  mM T r i s - H C l , p H  

5 0  mM E D T A, p H  8 . 0 .  

Ana l a R ) was pr e pa r e d  b y  

d i s s o lv i ng 5 0 0  g o f  p he n o l  i n  a m i n i ma l  amount o f  d e i o n i s e d  

wa t e r  ( 6 2 . 5  m l ) b y  wa r m i n g . A f ur t h e r  5 0 0  ml o f  d e i on i s e d  

wa t e r  a nd 6 2 . 5  m l  o f  1 . 0  M T r i s -H C l  ( pH 8 . 0 )  wa s a d d e d  t o  

t h e  c o o l ed p he n o l  s o l ut i on .  

T h e  m i x t u r e  wa s s h a k e n  t o  g i ve a n  eve n s us p e n s i on a nd 

p o u r e d  i n t o  a s e pa r a t i ng f unne l .  T h e  b o t t om l ay e r 

c o n t a i n i ng t h e  Tr i s - s a t u r a t e d  p h e n o l  wa s c o l l e c t e d  and 

s t or e d  u nd e r  a l a y e r  o f  T r i s -H C l  at - 2 o=c . 

7 . 1 9 S od i um Ace t a t e  

A s t ock s o l ut i on ( 3 . 0  M )  wa s pr e p a r e d  by d i s s o lv i ng 4 0 . 8 1 g 

s od i um a c e t a t e  ( CH3COONa . 3 H20 ) i n  8 0  ml d e i o n i s e d  wa t e r  

a nd a d j us t i ng t h e  p H  t o  5 . 2  wi t h  g l a c i a l  a c e t i c  a c i d  a nd 

mak i ng u p  t o  l O O  ml . 

R e a g e n t s  f or DNA e xt r a c t i on and t r a n s f or ma t i on o f  P .  

tan n oph i l as a nd £ .  col i we r e  s t e r i l i s ed b y  a u t o c l a v i ng a t  

1 2 1= c  f or 1 5  m i n  o r  b y  f i l te r  s t e r i l i s at i on ,  a c c or d i ng t o  

a d v i ce i n  Man i a t i s  e t  a l . ( 1 9 8 2 ) . 
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7 . 2  Large S ca l e  P r e pa r at i o n o f  P l a s m i d  DNA 

P l a sm i d  D N A  wa s e xt r a ct e d  f r om £ .  col i by a mod i f i cat i on o f  

t h e  r a p i d  b o i l i ng meth o d  ( Ho l me s  a nd Qu i g l e y ,  1 9 8 1 ) a s  

d e ve l op e d  b y  Br et G o l d , T h e  B i o l og i ca l  L a b o r at o r i e s , 

H a r va r d  U n i ve r s ity . An o ve r n i ght c u ltur e  o f £ .  col i ( 2 0 0  

m l ) i n  L B  s u pp l eme nt e d  w i t h  a mp i c i l l i n  ( 4 0 pg ml-1 ) wa s 

c e ntr i f ug e d  at 4 , 0 0 0  x g f o r  1 0  m i n at 4 ° C . T h e  c e l l s we r e  

r e s us pe nd e d  i n  4 5  m l  o f  S TE T  b u f f e r  i n  p o l yp r o py l e ne t u be s , 

1 ml o f  s t oc k  l ys o z yme a d d e d  a n d  the m i xt u r e  i nc u ba t e d  at 

r o o m  t e mp e r atur e f o r  1 0  m i n. The tube s we r e  p l a c e d  i n  

b o i l i ng wat e r f or 9 0  s e c  a nd the m i xt u r e  c e ntr i f ug e d  f o r  1 5  

m i n at 1 7 , 5 0 0  x g. T h e  s up e r n at a nt wa s c o l l e ct e d  a n d  t h e  

D N A  pr e c i p i tated b y  t h e  a d d i t i o n o f  a n  e qua l v o l ume o f  

i s o p r o pa n o l  a nd a l l ow i ng t o  stand f or 1 h r  at - 2 0° C . A ft e r  

c e ntr i f ugat i on at 1 2 , 0 0 0  x g f or 1 0  m i n ,  the p e l l et wa s 

was h e d  w it h  6 6 %  ethan o l  c o nta i n i ng 0 . 9 % N a C l . T h e  e t ha n o l  

was a dd e d , the t u b es v o r t e x e d  a nd a l l o we d  t o  s t a n d  at 

- 2 ooc f or 1 5  m i n. A f t e r c e nt r i f ugat i o n  the p e l l et was 

d e s s i cated t o  d r yn e s s  w i t h  a vac u um d e s i c ca t o r . 

F o l l ow i ng r e s us p e ns i on i n  9 . 6  ml T E  b u f f e r  ( 0 . 1  M T r i s ­

H C l ,  p H  8 . 0 ,  1 mM EDTA ) c o nta i n i ng 0 . 0 1 %  S DS ,  t h e  D N A  wa s 

c l e an e d  u p  a s  f o l l ows : R N a s e  A wa s a d d e d  t o  a f i na l 

c o nc e ntrat i on o f  2 0  pg m l - 1  a n d  the DNA i nc ubat ed f or 1 5  

m i n  a t  3 7°C . P r ote a s e  K was a d d e d  t o  a f i n a l  c o n c e nt r at i on 

o f  2 0 0  pg ml-1 a n d  t h e  m i xt u r e  i nc ubat e d  at 6 5°C f o r 1 0  

m i n. T h e  DNA wa s p he n o l /c h l o r o f o r m  e xt r a ct e d  b y  a d d i ng 1 0  

m l  o f  p he n o l/ c h l o r o f or m  ( 5 0 : 5 0 v/v ) a n d  v o r te x i ng ,  f o l l owed 

b y  c e nt r i f ugat i on at 1 2 , 0 0 0  x g f or 5 m i n  at 4°C . T h e  

a qu e o us p ha s e  wa s r e- e xt r a ct e d  w i th c h l or o f or m  a nd t h e  
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o r ga n i c  p ha s e  w i t h  TE b u f f e r  by t h e  a dd i t i o n o f  a n  e q ua l 

v o l u me o f  c h l or o f o r m  a n d  TE b u f f e r  1 r e s pe c t i ve l y  a n d  t h e n  

v o r te x i ng a n d  c e nt r i f u g i ng t o  s e pa r a t e  t h e  two p ha s e s . T h e  

a q u e o u s  p ha s e s  we r e  p o o l e d  a nd e xt r a c t e d  t w o  mor e  t i me s  

w i t h  c h l o r o f o r m .  T h e  c o mb i ne d  a q u e o u s  p ha s e  wa s a d j u s ted 

t o  0 . 3  M w i t h  r e s pe c t  t o  s od i um a c e t a t e  a nd the DNA 

p r e c i p i ta t e d  by a d d i ng two v o l u me s  o f  e t ha n o l  a nd a l l owi ng 

t o  s ta n d  1 h r  a t  - z o o c . T h e  DNA wa s c e nt r i f ug e d  a t  1 2 , 0 0 0 

x g f o r  1 0  m i n a t  4 °C a nd t h e  p e l l e t  d e s s i ca t ed t o  d r yne s s  

a n d  t h e  DNA r e s us pe nd e d  i n  0 . 4  m l  o f  T E  b u f f e r . 

RNas e  wa s a d d e d  t o  a f i na l  c on c e n t r a t i o n  o f  1 0 0  p g  m l - 1 

a nd t h e  D N A  i nc u b a t e d  1 0  m i n a t  3 7° C . P r o t e a s e  K wa s a d d e d  

t o  a f i na l c on c e n t r a t i on o f  1 mg m l - 1  a nd t he DNA i nc u b a t e d  

1 0  m i n a t  6 5°C . T h e  DNA wa s f u r th e r  p h e n o l / c h l o r o f o r m  

e xt r a c t e d , e th an o l  p r e c i p i ta t e d , c e n t r i f ug e d  a nd t h e  p e l l e t  

d e s s i c a t e d  t o  d r yn e s s  a n d  r e s u s pe nd e d  i n  T E  b u f f e r . T h e  

D N A  was s t o r e d  a t  4°C f o r  s h o r t  p e r i od s  a n d  a t  - 7 o o c f o r  

l on g e r  p e r i od s . T h e  c on c en t r a t i on o f  t he D N A  wa s e s t i ma t e d  

by r un n i ng 1 p l  o r  5 p l  o n  a n  a g a r o s e  g e l a n d  c om pa r i n g  

t h e  i nt e n s i ty o f  t h e  e t h i d i um b r o m i d e  f l uo r e s e nc e  w i t h  

s ta n d a r d  q u a n t i t i e s  o f  £ .  c o J j l a mbda DNA . 

7 . 3  Rap i d  P r e par a t i o n  o f  P l a s m i d  DNA 

T h e  r a p i d  b o i l i ng me t h od o f  H o l me s  and Q u i g l e y  ( 1 9 8 1 ) was 

u s ed t o  o bt a i n  s ma l l  a mo u n t s  o f  p la s m i d  D N A . £ .  c o J j wa s 

g r o wn o ve r n i gh t  i n  5 m l  o f  LB s up p l e me nt e d  w i t h  4 0  pg 

a mp i c i l l i n ml- 1 at 3 7 ° C . F o l l ow i n g  c e n t r i f u gat i on at 4 , 0 0 0  

x g t h e  c e l l s we r e  r e s us pe nd e d  i n  3 5 0  � 1  o f  S TE T  b u f f e r  i n  

a m i cr o f ug e  t u b e . Lys o z yme wa s a d d e d  ( 2 5 p l  o f  s t ock 
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s o l ut i on )  and t h e  m i c r o f ug e  t ub e  p l a c e d  i n  b o i l i ng wa t e r  

f o r  4 0  s e c , f o l l o we d b y  c e n t r i f ug a t i o n a t  1 2 , 0 0 0  x g f o r  1 0  

m i n  i n  a n  E p p e nd o r f m i c r o f u g e  a t  4 °C . T h e  D N A  i n  t he 

s up e r na t a n t  wa s p r e c i p i ta t e d  wi t h  a n  e qu a l  v o l u me o f  

i s o pr opan o l  a t  - 2 ooc f or 6 0  m i n .  The DNA wa s s ed i me nt e d  

b y  c e n t r i f u g a t i on a t  1 2 , 0 0 0  x g f or 1 0  m i n a n d  t h e  p e l l e t  

wa s he d  w i t h  9 5% e t h a n o l .  T h e  p e l l e t  wa s d e s s i ca t e d  t o  

d ryne s s  a nd t h e  DNA r e s u s pe nd e d  i n  e i t h e r  wa t e r  o r  TE 

b u f f e r . 

I f  r e qu i r e d , t h e  DNA was f u r t h e r  i nc u ba t e d  wi t h  RNa s e  a nd 

p r o te a s e  K t o  d i ge s t  t h e  RNA a nd p r o t e i n  a nd t h e n  

p h e n o l / c h l o r o f o r m  e x t r a c t e d  b y  t h e  add i t i on o f  a n  e q ua l  

v o l ume o f  p h e n o l / c h l o r o f or m  ( 5 0 : 5 0 v/v ) . T h e  s us p e ns i on 

wa s t h o r o u g h l y  m i xe d  a nd c e n t r i f ug e d  a t  1 2 , 0 0 0  x g f o r  4 

m i n  t o  s e pa r a t e  t h e  t wo pha s e s . T h e  o r ga n i c  p h a s e  wa s r e ­

e xt r a c t e d  w i t h  wat e r  a n d  t h e  a q u e o u s  p ha s e  e x t r a c t e d  w i t h  

c h l o r o f o r m  t o  r e mo v e  p h e n o l . T h e  DNA i n  t h e  c o mb i ned 

a q u e o u s  p ha s e s  was f i n a l ly p r e c i p i ta t e d  wi t h  e t ha n o l , 

d e s s i ca t e d  t o  d r yne s s  a nd r e s us pe nd e d  i n  wa t e r  o r  TE 

b u f f er . 

1 . 4  R e s t r i ct i on o f  P l a s m i d  DNA 

P la s mi d  DNA ( 1 5 p l ) or £ .  col i l ambda DNA ( Ne w  E n g l a nd 

B i o L a b s ) ( 1  p g  i n  1 5  p l  d e i on i s e d  wat e r ) wa s a d d e d  t o  2 5  

p l  d e i o n i se d  wa t e r , 5 p l  Ame r s ha m  E 4  b u f f e r  ( 1 0 mM T r i s ­

HC l ,  p H  7 . 5 , 1 0 0  mM NaCl , 7 mM M g Cl 2 ,  7 mM 2 -

me r ca p t o e t h a n o l )  i n  a m i c r o f u g e  t u b e  a nd 1 p l  £coR ! 

a d d e d  . T h e  m i x t u r e was i nc u b a t e d  a t  3 7ac f o r  1 h r  a nd 

t h e n  a t  6 5ac f or 1 0  m i n .  
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7 . 5 1 Tr i s -Ac e ta t e  Bu f f e r  
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A s t o c k  s o l u t i o n ( x  5 0 ) c o n s i s t e d  o f  0 . 4  M Tr i zma ba s e  

( S i gma ) , 0 . 1  M g l a c i a l  a ce t i c a c i d , 0 . 5  M EDTA, p H  8 . 0 .  

7 . 5 2 S u c r o s e - Br omophe n o l B l u e  L oad i ng B u f f e r  

S uc r o s e -br o mo p he n o l b l ue l oad i ng b u f f e r  c o n t a i n ed 5 0 %  ( w/v ) 

s u c r o s e  i n  d e i o n i s e d  wa t e r  a nd 0 . 5 % br omophe n o l  b l ue . 

7 . 5 3 Ge l E l e c t r o p h o r e s i s  

DNA mo l e c u l e s  we r e  s e pa r a t e d  a nd v i s ua l i s e d  b y  a ga r o s e  ge l 

e l e c t r o p h o r e s i s  i n  a B i o - Rad mi n i  s u b - c e l l  f l a t  bed ge l 

a p pa r a t u s . Tr i s - a c e t a t e  b u f f e r  ( 5 0 ml ) c o n t a i n i n g 0 . 7  % 

agar o s e  ( S i gma ,  l o w  ge l l i ng t e mpe r a t u r e ) wa s hea t e d  i n  a 

r e f l u x a p pa r a t u s t o  me l t  t he aga r o s e , c o o l e d  a nd p o u r e d  

i n t o  t h e  h o r i z o nta l g e l  a p pa r a t us a nd t h e  we l l s f o r me d  w i t h  

a t e f l o n  c omb . A f t e r  t he ge l had s e t ,  t he DNA s a mp l e s  

( 1 0 - 1 5  p l ) we r e  mi x e d  w i t h  5 p l  l oa d i ng b u f f e r  a nd l o a d e d  

i n t o  t h e  we l l s  wi t h  a n  a ut o p i pe t t e . Tr i s -a c e t a t e  b u f f e r  

wa s a d d e d  t o  the g e l appa r a t us , t h e  g e l s ubme r ged and 6 0  V 

a pp l i e d . A f t e r  t h e  ge l had r u n  ( 2  - 2 1 /2 hr ) ,  t h e  DNA 

wa s s t a i n e d  by p l a c i ng the ge l in e t h i d i um b r o m i d e  ( 0 . 5  pg 

( ml wa t e r ) - 1  for 2 0  m i n  a nd t he ge l v i e we d  o n  a n  

u l tra v i o l e t  t r a n s i l l umi na t o r  a t  2 6 5  nm . The ge l s  we r e  

p h o t ogra p h e d  o n  K od a k  T r i - X 1 2 . 2  x 1 0 . 7  cm f i l m .  The 

f i l m wa s d e ve l o p e d  in K od a k  D - 1 9  d e ve l o pe r  f o r  5 mi n a t  

amb i e nt t e mpe r a t ur e , f i xe d  i n  I l f o r d  Hyp o n  f i xe r  f o r 5 m i n  

a t  amb i e n t t e mpera t ur e , wa s h e d  u n d e r  r u n n i ng wa t e r  f o r  1 0  

m i n and d r i e d a t  r o om t e mpe r a t u r e .  
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8 . 1  T r a n s f o rma t i o n o f  Escher i ch i a  c o l i 
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Ce l l s o f  E .  c o l i we r e  mad e  c o mp e t e n t  a nd t r a n s f o r med by a 

mod i f i ca t i o n o f  t he me t h od o f  C o h e n  e t  a l . ( 1 9 7 2 ) . Al l 

bu f f e r s ,  r e a g e n t s  and c e n t r i f ug e s  we r e  c h i l l e d  t o  4 ° C  p r i o r 

t o  t he t r a n s f o r ma t i o n and ma i n ta i ne d  a t  t h i s  t e mp e r a t u r e . 

The E .  co l i s t r a i n  H B l O l  wa s i n o c u l a t e d  i nt o  2 5  ml L B  and 

i n c u ba t e d  a t  3 7 °C a nd 1 8 0  r pm ove r n i gh t  o n  a gyr a t o r y  

s ha k e r . T he c u l t u r e  wa s i n o c u l a t e d  ( 1  m l ) i n t o  5 0  m l  L B  

and s ha k e n  at 3 7 -=·c a n d  1 8 0  r pm f o r  a ppr o x i ma t e ly 2 hr . 

The ce l l s ( o p t i c a l  d e n s i ty 0 . 4 - 0 . 4 5 a t  6 0 0  nm ) we r e  

c e n t r i f uged a t  6 , 0 0 0  x g f o r  1 0  m i n ,  r e s u s p e nd e d  i n  1 0  ml 

o f  6 0  mM Ca C l 2  and i nc u ba t e d  f o r 2 0  m i n  on i ce . 

The c e l l s we re c e n t r i f ug e d  a t  6 , 0 0 0  x g f o r  1 0  mi n a nd 

r e s u s p e nd e d  i n  0 . 2 5 ml 6 0  mM Ca C l 2  i n  a m i c r o f uge t u b e . 

The c e l l s ( l O O  � l ) we r e  m i xe d  w i t h  1 0  � 1  DNA and 9 0  � 1  TEC 

bu f f e r  ( 1 0 mM Tr i s - H C l , pH 8 . 0 , 0 . 2 5 mM EDTA, 3 0  mM CaCl 2 ) 

a nd i nc u ba t e d  o n  i c e  f o r  1 hr . The c e l l s we r e  h e a t  s h o c k e d  

by i nc u b a t i o n at 4 2 ° C  f o r  2 m i n ,  i nc u ba t e d  o n  i c e f o r 1 5  

m i n  and 0 . 9  ml LB a d d e d . Fo l l o w i ng i nc u b a t i o n a t  3 7 °C f o r 

1 1 /2 hr , a l i g u o t s  ( 0 . 2  ml ) we r e  p l a t e d  o n t o  L B  p l a t e s  

s u p p l e me n t e d  w i t h  amp i c i l l i n ( 4 0 � g  m l - 1 ) .  P l a t e s  we r e  

i nc u ba t e d  ove r n i g h t  a t  3 7 ° C , Ce l l s  t r e a t e d  s i mi l a r l y ,  b u t  

w i t h o u t  DNA , we r e  p l a t e d  o u t  a s  c o n t r o l s . 

8 .  2 Trans f o r mat i o n o f  Pacf2!t.s o l en t a n n Q.RJ]_i l u.s 

A mod i f i ca t i o n of t h e  l i t h i um me t h o d  o f  I t o e t  a l . ( 1 9 8 3 ) 

wa s u s e d  t o  t r a n s f o rm c e l l s o f  Pachyso l en t a n n oph i l u.s . 
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S t r a i n  D / X  A was gr own i nt o  e a r ly e x ponent i a l  pha s e  

( a pp r o x i ma t e l y  5 - 7  x 1 0 6  c e l l s ml - 1 )  b y  i n o c u l a t i ng YEP -

xyl o s e  ( 1 0 0  ml ) w i t h  1 0 0  p l  o f  a 4 8  hr YEP - xy l o s e  c u l t u r e . 

The c e l l s we r e  i ncuba t e d  f o r  1 6  hr at 3 0 QC a nd 1 8 0  r pm on 

a gyr a t o r y  s ha k e r . The c u l t u r e  was wa s hed once w i t h  

d e i o n i s e d  wa te r ,  c e n t r i f ug e d  a t  6 , 0 0 0  x g f o r  1 0  m i n  and 

r e s u s pe n d e d  in 1 ml of 0 . 1  M L i Cl ,  1 0  mM Tr i s - H C l , p H  7 . 5 , 

1 mM EDTA i n  a m i c r o f ug e  t ube . F o l l ow i ng i ncuba t i o n f o r  

1 - 4  hr , 0 . 1 - 0 . 5  pg YRp/HXK 2 - 8  DNA i n  1 0  p l  TE bu f f e r  ( 1 0 

mM Tr i s -H C l , p H  7 . 5 , 1 mM EDTA ) a nd 1 0  p l  he r r i ng s p e r m  

D N A  ( 4  m g  ml- 1 )  was a d d e d  a nd t h e  m i xt u r e  i ncuba t e d  f or 3 0  

m i n  a t  3 0 °C .  A t o ta l o f  0 . 7  ml P EG-L i C l  ( 4 0 %  p o l ye th y l e n e  

g lyc o l  4 , 0 0 0 ,  0 . 1  M L i Cl ,  1 0  mM Tr i s -H C l , pH 7 . 5 ,  1 mM 

E D T A )  was added a nd the c e l l s  i ncubated f o r  a f u r t h e r  3 0  

m i n .  The c e l l s  wer e  h e a t  s h o c k e d  by i ncubat i on a t  4 2° C  f o r  

5 m i n  a nd was h e d  twi c e  w i th TE b u f f e r . F o l l ow i ng 

r e s us p e n s i on i n  1 ml TE , 0 . 2  ml a l i qu o t s  we r e  p l a t e d  o n t o  

m i n i ma l  YNB - g l u c o s e  p l a t e s . Ce l l s t r e a t e d  w i t h  DNA and 

w i t h out DNA wer e  p l a t e d  onto YNB- xyl o s e  a nd YNB - g l uc o s e  

p la t e s  r e s pe c t i ve l y  a s  c o nt r o l s . P la t e s  we r e  i nc uba t e d  a t  

3 0° C  a n d  t r a n s f or mant c o l on i e s  a p p e a r e d  w i t h i n  5 - 7  d a ys . 

9 .  DEMONS TRAT I ON OF GLUCO S E  CONVER S I ON I N  CELL -FREE 
E XTRACTS 

9 . 1 React i o n M i xt u r e s  

T h e  c o nve r s i on o f  D - g l u c o s e  and D - s or b i t o l  i n  c e l l - f r e e  

e xt r a c t s  was f o l l owed by h i gh pe r f ormance l i q u i d  

c h r o ma t o gr a phy . Ce l l - f r e e  e xt r a c t s  f r om s tr a i n  D / X  A we r e  

p r e pa r e d  a s  d e s c r i be d  i n  Mate r i a l s  & Me thods 4 . 2  a nd 
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d i a l ys e d  i n  1 l i t r e  o f  1 0  mM Tr i s - HCl , p H  7 . 0  f o r  2 hr at 

4 ° C  a nd t h e n  ove r n i gh t  in a f ur t he r  1 l i t r e  o f  b u f f e r . The 

e x tract ( 3  mg p r o t e i n )  was a d d e d  to r e a c t i o n m i x t u r e s  

c o n s i s t i ng o f  5 0  mM s ugar ; 5 0  mM c o f a c t o r , pH 7 . 0 ; 1 0  mM 

MgC l 2 ;  l O O  mM Tr i s - H C l , p H  7 . 0 , i n  a t o t a l  vo l ume o f  1 ml . 

At 0 t i me ,  2 4  o r  4 8  hr , a n  a l i qu o t  ( 0 . 4 5 ml ) wa s r emoved 

a nd p l a c e d  i n  a m i c r o f ug e  tube . Tr i c h l o r oa c e t i c  a c i d  ( 5 0 %  

v/v ) wa s added ( 1 0 p l ) t o  p r e c i p i tate t h e  pr o t e i n ,  and 

t h e  s a mp l e s  

ana l ys i s . 

f r o z e n  a t  - 2 o o c  unt i l  r e qu i r e d  f o r  HPLC 

9 . 2  HPLC ana lys i s  o f  Samp l e s  

E a c h  samp l e  was c e nt r i f u ged 1 0  m i n  a t  1 2 , 0 0 0  x g i n  a n  

Eppend o r f mi cr o f uge a nd t h e  s upe r natant ( 3 0 0  p l  i n  l i m i t e d  

v o l ume i ns e r t s ) ana l ys e d . A s t a nd a r d  s a mp l e  c o nta i n i ng 5 0  

mM D - g l uc o s e , 5 0  mM D - f r uc t o s e  and 5 0  mM D - s o r b i t o l  wa s 

u s e d  f o r  c a l i br a t i on . HPLC ana l ys i s  wa s c a r r i ed o u t  u s i ng 

t he H PX - 8 7 H  c o l umn a s  d e s cr i bed i n  Mat e r i a l s  & M e t ho d s  

S e c t i on 3 . 2 2 .  

1 0 . GENE T I C  TECHN I QUES 

1 0 . 1  U l t r a v i o l e t  L i ght ( UV )  Mutage nes i s  

T h e  me t h o d  u s e d  f o r  U V  i r r ad i a t i on o f  P .  tannoph i l us c e l l s 

was that u s e d  by Al l e n  Jame s  ( pe r s ona l commun i ca t i o n ) . 

S t r a i ns t o  be mutage n i se d  w i t h  UV l i ght we r e  gr o wn f o r  1 6 -

2 0  hr i n  YEP -xyl o s e  ( 5 0 ml ) i n  a 1 2 5  ml f la s k  a t  1 8 0  r pm 

a nd 3 0° C  t o  a c e l l  d e ns i ty o f  5 x 1 07 c e l l s ml - 1 •  The 

c e l l s we r e  d i luted in wa t e r  b l a n k s  and a l i qu o t s  ( 5 0 a nd 1 0 0  

p l , 1 03 - 2 x 1 03 c e l l s ) s pr ea d  ove r YEP - xyl o s e  p l a t e s . 
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The p lat e s ,  w i t h  t h e  l i d r e move d ,  we r e  p l a c e d  3 5  c m  f r om a 

P h i l i ps F l u o r e s c e n t  UV t u be ( 5 7 4  P / 4 0  OA,  TUV, 1 5  W )  i n  a 

UV b o x  a nd i r rad i a t e d  f o r  3 0  s e c . F o l l ow i n g  i r r ad i a t i o n ,  

t h e  p l a t e s  we r e  i nc u ba t e d  f o r  3 - 4  d a ys a t  3 0 °C i n  a l i ght 

p r o o f  b o x  a t  3 0 ° C . U n - i r r a d i a t e d  p l a t e s  we r e  a l s o  

i nc u b a t e d  a t  3 o �c a s  c o n t r o l s . 

S u r v i vor c o l o n i e s we r e  r e p l i ca - p l a t e d  o n t o  e i t h e r  mi n i ma l  

YNB med i um s up p l e me n t e d  w i t h  t h e  appr o p r i a t e  c a r b o n  

s o u r c e , o r  o m i s s i o n YNB med i um .  

1 0 . 2  Hybr i d i s a t i o n o f  Hap l o i d  S t ra i n s 

Ha p l o i d  s t r a i ns car r y i n g  a u x o t r o ph i c  o r  o t h e r  ma r k e r s  we r e  

ma t e d  a c c o r d i ng t o  the me t h od o f  Jame s  a nd Z a he b ( 1 9 8 2 ) . 

S t ra i n s t o  be ma t e d  we r e  g r o wn i n t o  l o g p ha s e  by 2 4  hr 

i n cuba t i o n  on e i t h e r  YEP - g l u c o s e  o r  YEP -xyl o s e . The two 

c u l t u r e s  we r e  m i xed a nd s t r e a k e d  o n t o  a Y M - YE p l a t e  a nd 

i n c ub a t e d  a t  3 0 °C f o r 4 d a ys . The gr owth f r om the i n o c u l um 

a r e a  wa s p i c k e d  u p  w i t h  a t o o t h p i c k , a nd s p r e ad ove r t he 

s u r face o f  a m i n ima l  YNB p l a t e . Fo l l o w i ng i n c u ba t i o n  f o r  

2 - 3  days at 3 0 <� c ,  pr o t o t r o ph i c  d i p l o i d  c o l o n i e s app e a r e d . 

1 0 . 3  Spo r u l at i o n o f  D i p l o i d S t ra i n s 

D i p l o i d s t r a i ns we r e  s p o r u l a t e d  by s t r e a k i n g o n t o  YM p l a t e s  

a nd i ncuba t i ng a t  3 0 °C f o r  4 - 5  d a ys . Cu l t u r e s  we r e  c h e c k e d  

m i c r o s c o p i ca l l y f o r t h e  p r e s e nc e  o f  as c i . 

1 0 . 4  M i c r oma n i pu l a t i o n 

T R t r a d s  we r e  d i s s e c t e d  by m i c r oman i p u l a t i o n  on a t h i n  agar 

s l ab ( P l a t e  5 ) . The a g a r  me d i um ( MYGP ) wa s c o n ve n i e n t l y  
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P l ate 5 :  

P l ate 6 :  

D i s s e c t i o n Chamb e r  and Aga r  S l a b  f o r  
M i c r oman i p u l at i o n .  

Need l e  f o r  D i s s e ct i o n o f  As c i . 
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d i s pe ns e d  i n  5 m l  a l i qu o t s  and me l t e d  p r i o r t o  u s e . The 

me d i um ( 1  ml ) wa s p i pe t t e d  o n t o  t h e  s ur f a c e  o f  a f la me d  

g l a s s  c ove r s l i p  ( 2 2 x 5 0  mm ) ,  a l l owed t o  s o l i d i fy and t h e  

e d g e s  t r i mmed w i t h  a no t h e r  f l amed c o ve r s l i p .  A d r o p  o f  

s t e r i l e wa t e r  wa s p l a c e d  o n  t he s u r f a c e  o f  t h e  s p o r u l a t e d  

c u l t u r e  w i t h  m i n i ma l  d i s r u pt i o n o f  t h e  s u r f a c e . A l o o p f u l  

o f  wa t e r , c o nta i n i ng s u s pe nd e d  a s c i , wa s qu i c k l y  p i c k e d  u p  

a nd i no c u la te d  a l o n g  t h e  e d g e  o f  t h e  agar s l a b . The a ga r  

s l a b  wa s i nve r t e d  o v e r  t h e  d i s s e c t i ng c hambe r ( P l a t e  5 )  

a nd e xa m i n e d  m i c r o s c o p i ca l l y at 2 0 0  x ma gn i f i ca t i o n . 

A d i s s e c t i ng ne e d l e  ( P l a t e  6 )  wa s p r e pa r e d  by j o i n i ng t wo 3 

mm s od a  g l a s s  r od s  t o g e t h e r  ove r a bu n s e n  f l ame and q u i c k l y 

d r a w i ng a pa r t  a t  a n  a n g l e . A m i c r oma n i p u l a t o r , e q u i p p e d  

w i t h a d i s s e c t i ng ne e d l e  ( P l a t e  7 )  wa s u s e d  t o  s e pa r a t e  

i nd i v i d ua l a s c o s p o r e s  f r o m t h e  i nt a c t  t e t r ad s . Ea c h  

a s c o s p o r e  wa s p i c k e d  u p  b y  t h e  n e e d l e  a n d  moved t o  the 

p o s i t i o n 2 - 3  mm apart a l o n g  a gr i d  pat t e r n  o n  the s ur f a c e  

o f  t h e  agar . T h e  s l a b  wa s t h e n  r e moved f r om the c o ve r s l i p  

w i t h  a s t e r i l e s pa t u l a  a nd p l a c e d  o n  t he s u r f a c e  o f  a YEP ­

g l uc o s e  p l a t e a nd i nc u ba t e d  a t  3 0 °C f o r  2 - 3 d a ys . 

1 0 . 5  T e t r a d  a n a l ys i s  

T h e  ha p l o i d  s e g r e ga n t s  ( P l a t e  8 )  we r e  p i c k e d  a nd i n o c u l a t e d  

o n t o  the a p pr o p i a t e  mi n i ma l  o r  c o mp l e t e Y N B  me d i um .  

F o l l ow i ng g r o wt h , s e gr e ga n t s  we r e  r e p l i ca - p l a t e d  o n t o  

o m i s s i o n  me d i um o r  me d i a s u p p l e me n t e d  w i t h  t h e  a p p r o p r i a t e  

car b o n  s o u r c e  t o  i d e nt i f y t h e  mut a t i o n s . 
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P l a t e  7 :  

P l a t e  8 :  

M i cr oma n i pu l a t o r  and M i c r o s c o p e . 

N o t e  d i s s e c t i on c h a mb e r  and a ga r  s l a b  
i n  p o s i t i o n o n  t h e  s ta g e  

D i s s e c t e d  As c i  o n  Agar S l ab . 





1 1 . SELECT I ON FOR HEXO S E - NEGAT I VE MUTAN T S  

1 1 . 1  S e l e c t i o n f o r  F r u c t o s e - N e ga t i ve Muta n t s  

7 2  

S t ra i n  P 5 0 9 - 1 B  hx k 2  g l u l  wa s s u b j e c t e d  t o  UV mu tage ne s i s  i n  

o r d e r  t o  e l i m i n a t e  the a b i l i ty t o  g r o w  o n  D - f r uc t o s e . 

F o l l o w i n g  UV mu ta g e ne s i s  ( Ma t e r i a l s  & Me t h o d s  1 0 . 1 ) , t h e  

s urv i vo r  c o l o n i e s  we r e  r e p l i ca - p l a t e d  o n t o  m i n i ma l  Y N B -

f r u c t o s e  p l a t e s  a n d  i nc u ba t e d  f or 2 - 3  days a t  3 0 °C . Al l 

c o l o n i e s  that g r e w  mo r e  s l o w l y  o n  m i n i ma l  YN B - f r uc t o s e  t h a n  

t h e  pa r e nt P 5 0 9 - 1 B  s t r a i n  we r e  p i c k ed a nd r e - i n o c u l a t e d  

o n t o  YN B - f r u c t o s e  a nd t h e  gr owth r a t e  c ompa r e d . 

1 1 . 2  S e l e c t i o n f o r G l u c o s e -Negat i ve Muta n t s  

S t ra i n  P 5 0 9 - 1 B  h :>\' k 2  g l u l  wa s i n o c u l a t e d  i n t o  m i n i ma l  

Y N B - xy l o s e  ( 1 0 0  ml ) i n  a 2 5 0  ml Er l e nmeye r f l a s k , 

s u p p l e me n t e d  w i t h 4 0  mM 2 -d e o x yg l uc o s e . S ta n d a r d  

d e n s i t y i n o c u l a t i o n c o nd i t i o n s  we r e  u s e d  a s  d e s c r i bed i n  

Ma t e r i a l s  & Me t h o d s  2 . 3 2 .  T h e  c u l t u r e  wa s i ncuba t e d  a t  

1 8 0  r pm a nd 3 0 ° C . Gr owt h ,  a s  mon i t o r e d  by me a s u rement o f  

a bs o r bance , c e a s e d  a f t e r  4 8  hr but r e s ume d a f t e r  4 - 5  d a ys . 

The c u l t u r e  wa s l e f t  i nc u bat i n g f o r 1 0  days and t h e  

r e s u l ta n t  s t ra i n  wa s i s o l a t e d . Two i nd e pe nd e n t  s i ng l e  

c o l o ny i s o l a t e s  we r e  o bta i n ed f r om t wo s e pa r a t e  c u l t u r e s . 

1 2 . S TRAI N I MPROVEMENT I N  PACHYSO L EN T ANNOPH I L US 

1 2 . 1  S e l e c t i o n f o r Xyl o s e  Ut i l i s a t i o n i n  t h e  P r e s e n c e  o f  
G l u c o s e  

S t r a i n  D / X  A hx k 1  hx k 2  g l u l  wa s mu ta ge n i s e d  w i t h  UV 

l i g ht . T h e  s t ra i n  wa s pr e - c u l t u r e d  f o r  4 8  hr o n  a m i n i ma l  
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YNB - g l yc e r o l  p l a t e  and i n o c u l a t e d  i nt o  5 0  ml mi n i ma l  YNB­

g l yc e r o l  a nd c u l t u r e d  a s  a l r e ad y  d e s c r i be d . The c e l l s 

we r e  p l a t e d  out o n t o  mi n i ma l  YNB - g l u c o s e / xy l o s e  p l at e s  and 

e xp o s e d  to UV l i ght . S u r v i vo r  c o l o n i e s  that a ppea r e d  t o  

g r ow mor e  r a p i d l y o n  t h i s  me d i um we r e  gr o wn 

YNB-g lyc e r o l ,  a nd then r e p l i ca - p l a te d  o n t o  

g l uc o s e /xyl o s e  and i ncuba t e d  f or 2 - 4  days . 

g r e w  r a p i d l y we r e  r e - i no c u l a t e d  o n t o  

o n  m i n i ma l  

mi n i ma l  YNB -

Co l o n i e s  that 

mi n i ma l  YNB-

g l u c o s e / xy l o s e . The gr owth r a t e  o f  e a c h  i s o l a t e  wa s 

c ompa r e d  w i th the D/ X A pa r e nt s t r a i n . S t r a i ns that 

a pp e a r e d  to g r o w  mor e  r a p i d ly we r e  i n o c u l a t e d  i nt o  YEP ­

g l uc o s e / xyl o s e  ( 5 0 ml ) a s  d e s c r i be d  i n  Ma te r i a l s  & M e t h o d s  

2 . 3 1 .  T h e  ut i l i s a t i o n o f  t h e  s ug a r s  wa s a na l ys e d  by H P L C  

a f te r  7 2  a n d  9 6  hr . 

1 2 . 2  E l i m i nat i on o f  E t ha n o l  Ut i l i sa t i o n  

E x p os u r e  t o  U V  l i ght wa s u s e d  t o  mutage n e s i s  the F/G 2 

s t r a i n  a n d  i nt r o d uce a n  e t ha n o l  d e f e c t i ve type mut a t i on .  

T h e  s t r a i n  wa s c u l t u r e d  i n  YNB - xyl o s e , p la t e d  o n t o  m i n i ma l  

YNB-xy l o s e  and muta g e n i s e d  a s  a l r e ady d e s c r i be d . S u r v i vo r  

c o l on i e s  we r e  r e p l i ca -p l a t e d  o n t o  mi n i ma l  YNB - xy l o s e  and 

m i n i ma l  Y NB - e t ha n o l  p l a t e s . Co l on i e s  t h a t  g r e w  o n  t h e  

f o r me r  med i um but not o n  the l a t t e r  we r e  p i c k e d  a n d  p l a t e d  

o n t o  YNB- e than o l  med i a  a nd c he c k ed f o r  l o s s  o f  g r owth o n  

t h i s  ca r bo n  s ou r c e . 

a nd D -g l uc os e . 

G r o wth was a l s o  che c k ed o n  D - xyl o s e  

1 2 . 3  Hybr i d i sa t i on o f  the e th 2 - 1  S t r a i n  t o  N03 -N03 - 4  

N03 -N03 - 4  l ys wa s hybr i d i s e d  wi t h  P 4 4 6 - 2 7 A e th 2 - 1  ade 1 

a s  d e s c r i be d  i n  Ma t e r i a l s  & Me thods 1 0 . 2 .  F o l l ow i ng 
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s po r u la t i on o f  the d i p l o i d  c u l t u r e  a nd d i s s e c t i on o f  

t e t ra d s , s t r a i ns car r y i ng the adel auxotr oph i c  mar k e r  i n  

a dd i t i on t o  the e th 2 - 1  mut a t i on we r e  ba c k - c r o s s ed w i t h  

The p r e s e nce o f  t h e  e th 2 - 1  gene 

i n  a s e gr e gant was c o n f i me d  by r e pl i ca - p la t i ng 

c omp l e t e  YNB-ethano l med i a . 

o n t o  



R E S U L T S  

1 .  RES I S TANCE TO 2 - DEOXYGLUCO S E  
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T h e  r e s i s t a n c e  o f  t he w i l d  t yp e  and g l u c o s e - n e g a t i ve 

mu t a n t s  t o  2 -d e o xyg l uc o s e  i s  s umma r i s e d  i n  Ta b l e  I I I .  

T h e  w i l d  t yp e  s t r a i n  P 4 4 4 - 3 D ,  wa s a b l e  t o  g r o w  o n  Y N B ­

x y l o s e  p l a t e s  s u p p l e me n ted w i t h  2 mM 2 -d e oxyg l u c o s e  but 

a t  4 mM c o n c e n t r a t i o n ,  i n h i b i t i o n o f  g r o wt h  was e v i d e n t . 

N o  g r o wt h  o c c u r r e d  a t  a na l o g u e  c o n ce n t r a t i o n s  g r e a t e r  t ha n  

4 mM . A l l o f  t h e  mut a n t s  we r e  a b l e  t o  gr ow at h i g h e r  

c o nce n t ra t i o n s  o f  a na l o gue , c o mpa r e d  t o  the wi l d  type . 

The r e s i s t a n c e  o f  P 5 1 0 - 5A wa s o n l y  s l i gh t l y  gr e a t e r  t han 

t h e  w i l d  type a nd g r o wt h  wa s mod e r a t e l y  i n h i b i t ed a t  4 mM 

c o n c e n t r a t i o n . B o t h  P 5 0 9 - 1 B  and P 5 0 9 - 1 B  # 6  c o u ld g r o w  i n  

t he p r e s e nc e  o f  2 0  mM 2 -d e o x yg l u c o s e  but g r o wth wa s 

i nh i b i t e d  a t  4 0  mM , wh i l e D / X  A wa s a b l e  t o  g r ow 

r e l a t i ve l y we l l  i n  t h e  pr e s e nc e  o f  1 2 0  mM ana l o gue . 

Al t ho u g h  t h e  d o u b l e  muta n t  P 5 0 9 - 1 B  c o u l d  gr ow o n  a YNB­

xyl o s e  p l a t e  s u p p l e me n ted w i t h l e ve l s  of 2 -d e oxyg l u c o s e  o f  

u p  t o  4 0  mM c o n c e n t r a t i o n ,  p o o r  gr owth wa s f o und whe n t h i s  

s t r a i n  wa s i n o c u l a t e d  i n t o  l i q u i d  YNB- g l u c o s e  s up p l e me n ted 

w i t h  t h i s  l eve l o f  ana l o g u e  ( F i gu r e  3 ) . Wh e n  i no cu l a t ed 

a t  t h e  s ta nd a r d  c e l l  d e ns i t y ,  a ma x i mum ce l l  y i e l d o f  

4 . 2 5 x 1 0 9 c e l l s  m l - 1 o c c u r r ed a f t e r  4 8  hr i ncubat i o n . 

N o  s i g n i f i ca n t  i nc r e a s e  i n  o p t i ca l. d e ns i t y o c c u r r e d  u p o n  

f ur t h e r  i ncubat i o n f o r 3 days . H o we ve r , whe n  t h e  c u l t u r e  

wa s l e f t  o n  t h e  s ha k e r  f o r  a l o n g e r  p e r i od as d e s c r i be d  i n  

Ma te r i a l s  & Me t h ods 1 1 . 2 , c e l l  g r o wt h  r e s umed a f t e r  



Ta b l e  I I I : R e s i s ta n c e  o f  Pachyso l en tan n oph i l as S t r a i ns 
t o  2 -D e o x yg l uc o s e  o n  S o l i d  M e d i a  
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S t ra i n/ Gr owth o n  D -xyl o s e  ( 2 % W/V ) 
G e n o type + 2 -d e o xyg l u c o s e  

2 4 1 0  

P 4 4 4 - 3 D  WT + ( + )  

P 1 7 - 1A met 2 - 1  + ( + )  

P 5 1 0 - 5A 9 l a 1  + ( + )  

P 5 0 9 - 3 C  h.>f k 2  + + ( + ) 

P 5 0 9 - 1 B  hx k 2  9 l a 1  + + + 

P 5 0 9 - 1 B  # 6  hx k 2  9 l a1 fra + + + 

D I X  A hx k 1  h x k 2  9 l a 1  + + + 

+ G o o d  gr o wt h  obs e r ve d  w i t h i n  1 - 3  d a ys 

( + )  I nh i b i t i o n o f  gr owth 

N o  g r o wth 

2 0  4 0  

+ ( + )  

+ ( + ) 

+ + 

( mM )  

8 0  1 2 0  

( + ) ( + )  

( + ) ( + )  

+ + 



F i g . 3 :  Gr owth o f  S t ra i n s P 5 0 9 - 1 B  and D / X  A i n  Y N B ­
Xyl o s e  ( 2 % w/ v }  S up p l e me nt e d  w i t h  2 - De oxyg l uc o s e . 

0 1 P 5 0 9 - 1 B ,  4 0  mM 2 -d e oxyg l u c o s e ; 

A ,  D I X  A ,  4 0  mM 2 - d e o xyg l uc o s e ; 

• ,  D I X  A ,  1 2 0  mM 2 -d e oxyg l u c o s e  
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a b o u t  5 days . T h e  r e s u l t a n t  s t r a i n  wa s i s o l a t e d  a n d  

p l a t e d  o u t  f o r  s i ng l e  c o l o n i e s . T w o  s e pa r a t e  i s o l a t e s  f r om 

two s e pa r a t e  c u l t ur e s  we r e  mad e ; o n e  o f  t he s e , d e s i gn a t e d  

D / X  A ,  wa s e xa m i n e d  f u r t he r . S t ra i n  D / X  A was v e r y  

r e s i s ta n t  t o  2 -d e o x yg l u c o s e  a nd c o u l d  g r o w  we l l  at 4 0  mM 

a nd r e la t i v e l y  we l l  i n  l i q u i d  med i a a t  1 2 0  mM 

c o nc e nt r a t i o n ( F i gu r e  3 ) . 

2 .  GROWTH AN D S UGAR UT I L I S AT I ON 

2 . 1  Gr owth o n  S o l i d  Med i a  

The r a t e  o f  g r o wt h  o f  s e v e r a l o f  t h e  mut a n t  s t ra i ns o n  

d i f f e r e n t  c a r b o n  s o u r c e s  wa s d e t e r m i ne d  a nd t h e  r e s u l t s  

a r e  s ummar i z e d  i n  Ta b l e  I V .  The amo u n t  o f  g r o wth wa s 

s c o r e d  a s  f o l l o ws :  + + +  c o n f l u e n t  gr owth e v i d e nt a f t e r  2 

days ; + +  l e s s  g r o wt h  c o mpa r e d  t o  t h e  w i l d  t ype s t r a i n ,  

P 4 4 4 - 3 D ;  + s l o w gr owth wh i ch be came a p par e n t  a f t e r  2 - 3  

d a ys i nc u ba t i o n ;  n o  g r o wt h  e v i d e n t  a f t e r  6 days . T h e  

wi ld t ype P .  tan n op h i l as s t ra i n ,  P 4 4 4 - 3 D ,  g r e w  we l l  o n  a l l  

f o u r  c a r b o n  s o u r ce s ;  g r o wt h  o n  D -g l u c o s e  wa s s l i g h t l y  

f a s t e r  t han o n  D - x yl o s e . 

Al l t h e  mu t a n t  s t r a i n s e xh i b i t e d  a s i mi l a r  r a t e  o f  gr owt h 

o n  D - xyl o s e  i n  c o mpa r i s o n  t o  t he w i ld type s t ra i n  ( Ta b l e  

I V ) . T h e  mut a n t  s t r a i n  P 5 1 0 - 5 A  g r e w  at a s i m i la r  r a t e  t o  

t h e  wi l d  typ e  o n  a l l  t h r e e  h e x o s e  s u ga r s . The o t he r 

mu t a n t s  h owe ve r ,  e x h i b i te d  r e duc t i o n s  i n  t h e  r a t e  o f  

D -gr owth o n  t h e  h e x o s e  s uga r s . Gr o wth by P 5 0 9 - 3 C o n  

g l u c o s e  wa s o n l y  s l i g h t l y  r e d u c e d , wh i l e t h e  gr owth r a t e  

o n  D - ma n n o s e  wa s ma r k e d l y r e d uc e d . The d o u b l e  mu ta n t , 



Ta b l e  I V :  Gr o wt h  o f  W i l d  Type a nd Muta n t s  o n  D i f f e r e n t  
Ca r b o n  S o u r c e s  o n  S o l i d Med ia 

S t ra i n / 
Ge n o t yp e  

Ca r b o n  S o u r c e  

7 9  

D - Xyl o s e  D - G l u c o s e  D - Ma n n o s e  D -F r u c t o s e  

P 4 4 4 - 3 D  WT + + +  + + +  + + +  

P 5 1 0 - 5A g l u. l  + + +  + + +  + + +  

P 5 0 9 - 3 C hx k 2  + + +  + +  + 

P 5 0 9 - 1 B  h.'>\' k 2  g l u. l  + + +  

P 5 0 9 - 1 B  # 6  h x k 2  g l u. l  + + +  
fru. 

D I X  A h x k l  hxk2 g l u. l  + + +  

+ + +  G o od gr o wt h  ( c o n f l ue nt ) 

+ +  R e d u c e d  g r o wt h  

+ S l ow gr o wt h  ( n o t  a p pa r e nt unt i l  2 - 3  d a ys } 

No g r o wt h  a t  6 d a ys 

+ + +  

+ + +  

+ + +  

+ 
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P 5 0 9 - 1 B ,  and t h e  tr i p l e  muta n t s , P 5 0 9 - 1 B  � 6  a nd D / X  A ,  

we r e  u na b l e  t o  gr ow o n  D - g l uc os e  and D -ma n n o s e  a s  the s o l e  

c a r b o n  s o u r c e . H o we ve r ,  D - f r uc t o s e  d i d  s up p o r t  gr owt h  by 

s t r a i n  P 5 0 9 - 1 B ,  but g r o wt h  o n l y  be came apparent a f t e r  

a b o u t  2 - 3  d a ys i nc u ba t i o n . B o t h  s t ra i ns P 5 0 9 - 1 B  � 6  a nd 

D / X  A we r e  u n a b l e  t o  gr o w  o n  t h i s  s ugar a s  t h e  s o l e  ca r b o n  

s o u r c e . 

T h e  

a n d  

w i l d  type a nd mut a n t s  a l l  g r e w  s l ow l y  o n  

g lyce r o l  a s  s o l e c a r b o n  s o u r c e s ,  w i t h  

g l yce r o l  mor e  r a p i d  t h a n  o n  D-ga l a c t os e . 

2 . 2  Gr owt h  i n  L i qu i d  Med i u m 

D-ga l a c t o s e  

gr owth o n  

D u r i ng t he i s o l a t i o n o f  t h e  g l uc o s e - n e ga t i ve s t r a i ns ,  

t e n tat i ve mu t a n t s  we r e  i n i t i a l l y s c r e e ne d  f o r  g r o wth i n  

YEP l i qu i d  me d i a  ( Ma t e r i a l s  & M e t h o d s  2 . 3 1 ) . Gr owth a n d  

s ugar ut i l i s a t i o n by a n umber o f  t h e  mu tant s t ra i ns ,  wa s 

t h e n  f o l l owed i n  YNB med i a  e mp l o y i ng a s t a ndard i s e d  

p r o c e d u r e  f o r  pr e - c u l tur i ng the c e l l s and u s i ng a s ta nd a r d  

i no cu l um s i z e ( Ma t e r i a l s  & Me t h o d s  2 . 3 2 ) . T h i s  e na b l ed 

mo r e  p r e c i s e c o mpa r i s o ns o n  t h e  r a t e s  o f  gr o wt h  and s ug a r  

u t i l i sa t i o n t o  be ma d e . 

T h e  ut i l i s a t i o n o f  h e x o s e  s ug a r s  a n d  D - xyl o s e  b y  t h e  

w i l d  type s t r a i n ,  P 4 4 4 - 3 D  a nd muta nts P 5 1 0 - 5 A, P 5 0 9 - 3 C  

a nd P 5 0 9 - 1 B ,  wh e n  i n o c u l a t e d  i nt o  YNB me d i a  a t  t h e  

s ta ndard c e l l  d e n s i t y ,  i s  d i s p l aye d  g r a p h i ca l l y i n  

F i g u r e s  4 - 7 . Gr owt h wa s a l s o  r o ut i ne l y  mo n i t or e d  i n  

t h e s e  c u l t ur e s  by me a s u r e me n t  o f  o p t i ca l  d e ns i t y a t  

6 0 0  n rn  and a n  e s t i mat i on o f  c e l l  n umbe r s  wa s obta i ne d  b y  

r e f e r e nce t o  a s ta nd a r d  c u r ve ( F i g u r e  Al ) .  



8 1  

The r a t e  a nd amo u n t  o f  gr owth s h o wn by e a c h  s t r a i n  i n  t h e  

l i qu i d  med i um a g r e e d  w i t h  t h e  r e s u l t s  f o und wi th t h e  

s o l i d  med i um .  U t i l i s a t i o n o f  e a c h  ca r b o n  s o urce a l s o  

c l o s e l y  c o r r e l a t e d  w i t h  t h e  amo u n t  o f  g r o wth o n  t ha t  

s u b s t r a t e . 

S t r a i n  P 5 1 0 - 5A ( F i gu r e  5 )  d i f f e r ed l i t t l e  i n  gr owth a nd 

s ugar ut i l i s a t i o n r a t e  f r om t h e  wi ld type s t ra i n  ( F i g u r e  

4 )  o n  D - g l u c o s e  and o n  D - f r uc t o s e . Ut i l i sa t i o n o f  D ­

ma nn o s e , a f t e r  a s l i g h t  lag p e r i od o f  1 2  hr , wa s comp l e t e  

w i t h i n  4 8  h r  i n cubat i o n . 

s l owe r  r a t e  o f  g r owth 

The mu ta n t , P 5 0 9 - 3 C ,  e xh i b i te d  a 

o n  D - g l u c o s e  a nd a ma r k e d l y  

r e d u c e d  r a t e  o f  gr owt h o n  D - ma n n o s e  w i t h  c o r r e s p ond i n g l y  

s l owe r r a t e s  o f  ut i l i s a t i o n o f  t h e s e  s u ga r s  ( F i gu r e  6 ) . 

C o n s umpt i o n o f  D - ma n n o s e  wa s e v i d e n t o n l y  a f t e r  a l a g  

pha s e  o f  4 8  hr a n d  o n l y  6 0 % o f  t h e  s u gar had be e n  

c o ns ume d  a f t e r  9 6  hr . Ut i l i s at i o n o f  D - g l u c o s e  and D -

f r u c t o s e  wa s c omp l e t e a t  4 8  hr ; i n  c o mpar i s o n ,  s t ra i ns 

P 4 4 4 - 3 D and P 5 1 0 - 5 A c o n s ume d m o s t  o f  t h e  D - g l u c o s e  a nd D ­

f r uc t o s e  w i t h i n  2 4  hr . 

T h e  d ou b l e  mu tant , P 5 0 9 - 1 B ,  wa s c omp l e t e l y  negat i ve f o r 

g r o wth o n  D - g l uc o s e  a nd D - ma n n o s e  and ut i l i s a t i o n o f  

t h e s e  s ugar s wa s n e g l i g i b l e  ( F i g u r e  7 ) . The f i na l c e l l  

c o nce ntr a t i o n a f t e r  9 6  hr i nc u ba t i o n  i n  YNB-g l uc o s e , wa s 

e s t i ma t e d  a s  2 . 3  x 1 0 8  c e l l s  ml - 1 • S i nce t h e  i n i t i a l  c e l l  

d e ns i ty at i no c u l a t i o n  wa s 2 . 5  x 1 0 7  ce l l s  ml - 1 ,  a t e n ­

f o l d i nc r e a s e  i n  c e l l  numb e r s  o c c u r r e d  d u r i n g t h i s  p e r i od .  

I n  c o mpar i s o n ,  2 4  hr a f t e r  i n o c u l a t i o n i n t o  YNB-g l u c o s e  

t h e  w i l d  t ype c u l t u r e  h a d  r e a c h e d  a c e l l  d e n s i t y o f  1 . 4 5 x 

Ut i l i s a t i o n  o f  D - f r u c t o s e  by P 5 0 9 - 1 B  



F i g . 4 :  

F i g . 5 :  

Ut i l i sa t i on o f  H e x o s e s  a nd D - Xyl o s e  ( 2 % w/v ) 
i n  YNB Med i a  b y  Wi l d  T ype S t r a i n ,  P 4 4 4 - 3 D . 

0 , D - g l uc o s e ;  A , D - f r u c t o s e ; 

0 , D -ma nn o s e ; • , D - xyl o s e  

Ut i l i s at i o n o f  H e x o s e s  and D - Xy l o s e  ( 2 % w/v ) 
i n  YNB Med i a  by S t r a i n  P 5 1 0 - 5 A .  

0 , D - g l uc o s e ; A ,  D - f r uc t o s e ; 

0 , D -ma n n o s e ;  • , D - xy l o s e  
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F i g . 6 :  

F i g . 7 :  

Ut i l i sa t i o n o f  H e x o s e s  a nd D - Xyl o s e  ( 2 % w/v ) 
i n  YNB Med i a  b y  S t r a i n  P 5 0 9 - 3 C .  

0 1 D - g l u c o s e ;  A 1 D - f r u c t os e ;  

D 1 D-ma n n os e ; 11 1 D - xyl o s e  

Ut i l i s a t i o n  o f  H e x o s e s  and D - Xy l o s e  ( 2 % w/ v }  
i n  YNB Med i a  by S t r a i n  P 5 0 9 - 1 B . 

0 , D - g l u c o s e ;  A 1 D - f r u c t o s e ; 

D , D -ma nn o s e ; 11 ,  D - xyl o s e . 



25 

� 20 0) 

0 1 5  
0 
c 
8 1 0  

L 
Id 5 0) 
� 

8 3  

(/) 0 -1--------.----{A}-----1----, 

25 

- 20 � 0) 

a 1 5 
0 
c 
8 1 0 

0 24 48 72 96 
I nc ub at i o n T i me C h r )  

o�--�----�----�--� 

0 24 48 72 96 
I nc ub at i o n T i me C h r )  



o n l y  b e c a me a p pa r e n t a f t e r  4 8  h r  i nc u b a t i o n . 

8 4  

G r o wt h  o n  

t h i s  c a r b o n  s o u r c e , a l t h o ug h  i n i t i a l ly s l ow ,  d i d bu i l d u p  

t o  f i na l p o pu l a t i o n d e ns i t y o f  1 . 7  x 1 0 9  ml - 1 • G r owth 

o n  D - xyl o s e  a nd ut i l i s a t i o n  o f  t h i s  s ugar wa s s i mi l a r  

f o r  a l l  t h e  s t ra i ns . 

T h e  g r owth o f  t h e  w i l d  t yp e  and g l uc o s e - ne ga t i ve s t r a i ns 

o n  6 %  D -g l uc o s e  i n  YNB med i um i s  s ho wn i n  F i gu r e  8 .  T h e  

gr owt h and D - g l u c o s e  u t i l i s a t i o n b y  t h e  d o u b l e  muta n t , 

P 5 0 9 - 1 B ,  wa s m i n i ma l ;  a n  i nc r e a s e  i n  o p t i ca l  d e n s i t y o n l y  

a ppa r e nt a t  7 2  h r . T h e  g r owt h  and s ug a r  u t i l i s a t i o n  

e x h i b i t ed by s t r a i n  P 5 1 0 - 5A wa s s i m i l a r  to t h e  w i l d  

type , a l l  t h e  D - g l uc o s e  b e i ng c on s umed w i t h i n  4 8  h r . 

S t ra i n  P 5 0 9 - 3 C s ho we d  s l o we r  g r o wt h  a nd s ug a r  u t i l i s a t i o n ,  

w i t h  the c omp l e te c o ns umpt i o n o f  D - g l u c o s e  t a k i ng 9 6  h r . 

S t r a i ns P 4 4 4 - 3 D  a nd P 5 1 0 - 5 A  g r e w  mo s t  r a p i d l y  d u r i ng t h e  

f i r s t  2 4  h r , b u t  gr o wt h  o f  t h e s e  s t r a i ns a nd P 5 0 9 - 3 C 

c o n t i nued a t  a s l o we r  r a t e  d ur i ng the r e s t  o f  t h e  9 6  h r  

p e r i od . Th i s  p r e s uma b l y  o c c u r r e d  d u e  t o  me t a b o l i s m o f  t h e  

e t ha n o l ,  wh i c h wa s p r od u c e d  d u r i ng t h e  f e r me n ta t i o n o f  

t h e  D -g l uc o s e . 

2 . 3  S uga r Ut i l i s a t i on i n  Med i a  c o n t a i n i ng Two Ca r bo n  
S o u r c e s  

T h e  s ugar u t i l i sa t i o n o f  t h e  w i l d  t ype s t r a i n ,  P 4 4 4 - 3 D ,  

t h e  d o u b l e  a nd t r i p l e  mu t a n t s  P 5 0 9 - 1 B  and D / X  A ,  whe n  

gr o wn o n  a m i x t u r e  o f  D - g l u c o s e  a nd D -xyl o s e  a r e  s h own 

g r a p h i ca l l y i n  F i g u r e s  9 - 1 1 . The s ta nd a r d  d e n s i t y 

i n o c u l at i o n c o nd i t i o n s  we r e  e mp l oyed . The w i l d  type 

s t r a i n  c ha r a c t e r i s t i ca l l y c o n s umed the D -g l uc o s e  f i r s t , D-

xy l o s e  ut i l i s a t i o n c omme n c i ng a f t e r  mo s t  of t h e  D - g l uc o s e  



F i g . 8 :  Gr owth a nd D - G l u c o s e  Ut i l i sa t i o n i n  YNB - G l u c o s e  
( 6 % w/ v )  by Wi ld Type s t r a i n ,  P 4 4 4 - 3 D  and 
Mutant S t r a i ns P 5 1 0 - 5A ,  P 5 0 9 - 3 C  and P 5 0 9 - 1 B . 

G r o wt h : 0 , wi ld t ype ; .6. , P 5 1 0 - 5A ;  

0 ,  P 5 0 9 - 3 C ;  0 , P 5 0 9 - 1 B  

G l u c o s e : Ill , w i l d  t yp e ; A. , P 5 1 0 - 5A ;  

e , P 5 0 9 - 3 C ;  I , P 5 0 9 - 1 B  
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8 6  

had b e e n  d e p l e t ed f r om t h e  me d i um ( F i gu r e  9 } .  M o s t  o f  t he 

D - g l uc o s e  wa s ut i l i s e d  wi t h i n  2 4  h r  a nd a l l  the D - xy l o s e  

a f t e r  9 6  h r . The r a t e  o f  D - g l u c o s e  i n  t h e  s ug a r  mi x t u r e  

wa s s i m i l a r  t o  t h e  r a t e  whe n pr e s e n t a s  a s o l e  c a r b o n  

s o u r c e , wh i l e t h e  c o mp l e t e ut i l i s a t i o n o f  t h e  D -xyl o s e  

t o o k  l ong e r . D - g l u c o s e  was a l s o  p r e f e r e n t i a l l y c o n s u me d  

ove r D - xy l o s e  by s t r a i n  P 5 1 0 - 5A;  t h i s  p h e n ome n o n  wa s l e s s  

o bv i o u s  wi t h  t h e  P 5 0 9 - 3 C  muta n t . 

Al t h o ugh P 5 0 9 - 1 B  wa s g l uc o s e - n e ga t i ve whe n  D - g l u c o s e  wa s 

t h e  s o l e c a r b o n  s o u r c e , D - g l uc o s e  wa s ut i l i s ed f o r  b o t h  

gr owth a nd t h e  f o r mat i o n o f  e nd - p r od u c t s  wh e n  D - xyl o s e  wa s 

add i t i o na l l y p r e s e n t  i n  t he med i um ( F i g u r e  1 0 } .  T h e  

ma x i mum e t ha n o l  c o n c e nt r a t i on i n  t h e  med i um ( 6 . 6 2 g l - 1 ) 

wa s muc h  g r e a t e r  tha n t h e  ma x i mum e t ha n o l  p r od u c e d  f r om 

t h e  f e r me nt a t i o n o f  D - xy l o s e  a s  a s o l e  c a r b o n  s o u r c e  ( 0 . 8 7 

g l - 1 ) .  The r e f o r e , me t a b o l i s m  o f  D - g l u c o s e  t o  e t ha n o l a s  

a n  e nd - pr od u c t  wa s p r e s ume d t o  have o c c u r r e d . Th i s  wa s 

mo r e  c l e a r l y 

f e r me n t a t i on 

s e e n  d u r i ng the t i me -c o u r s e  f o r  

o f  a 6 : 2 % ( w/v ) m i x t u r e  o f  D - g l uc o s e  and 

t h e  

D -

xy l o s e . Af t e r  1 2 0  h r  i n c u bat i o n ,  4 6 . 2 g 1 - 1 D - g l u c o s e  wa s 

c o n s umed but o n l y  8 . 1  g 1 - 1 D - x y l o s e . An e t ha n o l  

c o nc e n t r a t i o n o f  1 5 . 4  g 1 - 1  wa s r e a c h e d  a nd i s  c l e a r l y  

muc h  g r e a t e r  t han t h e  t he o r e t i ca l  ma x i mum p o s s i b l e  f r om 

t h e  f e r me n tat i o n o f  D - xy l o s e  a l o n e . 

The r a t e  o f  D - g l u c o s e  ut i l i s at i o n by P 5 0 9 - 1 B  o n  t h e  D -

g l uc o s e / D - xyl o s e  m i x t u r e  

d u r i n g t h e  f i r s t  2 4  h r , 

c o ns umpt i o n had i nc r e a s e d . 

wa s cha r a c t e r i s t i ca l l y s l o w 

but a f t e r  4 8  h r  t h e  r a t e  o f  

Du r i ng t h e  pe r i od , 2 4 - 7 2  h r , 

t h e  r a t e  o f  D - xy l o s e  u t i l i s at i o n wa s i n h i b i t ed b u t  



F i g . 9 :  Ut i l i s a t i o n  o f  D - G l u c o s e  a nd D - Xyl o s e  ( 2 % : 2 % w/ v )  
i n  YNB by W i l d  Type S t r a i n ,  P 4 4 4 - 3 D . 

!::,. , g r o wt h ;  0 , D - g l uc o s e ;  11 , D - xyl o s e  

F i g . 1 0 : Ut i l i s a t i o n o f  D - G l u c o s e  a n d  D - Xyl o s e  ( 2 % : 2 % w/v ) 
i n  YNB by S t ra i n  P 5 0 9 - 1 B . 

/::,. , gr owt h ;  0 , D - g l u c o s e ; 11 , D - xy l o s e  
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8 8  

i nc r ea s e d  a f t e r  7 2  h r , c o r r e s p o nd i n g t o  t h e  t i me at wh i ch 

mo s t  o f  t h e  D - g l u c o s e  had b e e n  c o n s ume d . At 7 2  h r , 8 2 %  o f  

t h e  D - g l u c o s e  had b e e n  u t i l i s e d , wh i l e o n l y  4 2 % o f  t h e  

xyl o s e  had b e e n  c o ns ume d . I n  c ompa r i s o n ,  whe n  D - xy l o s e  

wa s t h e  s o l e  c a r b o n  s ou r c e , mos t  o f  t h e  s ug a r  wa s c o n s umed 

w i t h i n  7 2  h r  ( F i gu r e  7 ) . The g r o wt h  r a t e  was s l owe r i n  

c ompa r i s o n  t o  t h e  w i l d  type s tr a i n ,  but t h e  ma x i mum c e l l  

d e ns i ty r e a c h e d  ( a t 7 2  h r ) .  wa s g r e a t e r . The p r e s e n c e  o f  

t h e  D -xyl o s e  i n  t h e  med i um a pp e a r e d  t o  b e  e s s e n t i a l  f o r  

t h e  u t i l i sa t i o n  o f  t he D - g l u c os e , s i nc e  whe n  t h e  c e l l s 

we r e  r e cyc l e d  f r om t h e  YNB - g l u c o s e /x y l o s e  med i um i n t o  

med i um c o nta i n i ng o n l y  D - g l uc o s e  a s  the c a r b o n  s ou r c e , n o  

D - g l u c o s e  u t i l i s a t i on n o r  c e l l u la r  g r owt h  o c c u r r e d . 

S t r a i n  P 5 0 9 - 1 B # 6 wa s f o und t o  e xh i b i t  a s i mi l a r  pa t t e r n  

o f  s u g a r  ut i l i s a t i o n t o  t h a t  s h own b y  P 5 0 9 - 1 B . Al t h o u g h  

ne ga t i ve f o r  g r o wt h  a nd u t i l i s at i o n o f  D - g l u c o s e  whe n  

p r e s e n t e d  a s  t h e  s o l e  c a r b o n  s ou r c e , u t i l i s at i o n o f  D ­

g l uc o s e  o c c u r r e d  i n  YNB -g l uc o s e / xyl o s e  med i um .  

The mutant D / X  A,  b e ha v e d  d i f f e r e n t l y  to P 5 0 9 - 1 B  o r  P 5 0 9 -

1 B  # 6  i n  t h e  D - g l u c o s e / D - xyl o s e  s ug a r  m i x t u r e . T h i s  

s t r a i n  f a i l e d  t o  c omp l e t e l y  ut i l i s e  the D - xy l o s e  

t h e  i nc u ba t i o n pe r i od ( F i g u r e  1 1 ) .  The p r e s e nc e  

d u r i ng 

o f  D -

g l uc o s e  i n  t h e  med i um adve r s e l y a f f e ct e d  t h e  u t i l i s a t i o n 

o f  t h e  D - xy l o s e . Al t h o u g h  o n l y  2 8 % o f  t h e  D - g l u c o s e  wa s 

c o n s umed a t  9 6  h r , 3 9 %  o f  t h e  D-xyl o s e  r e ma i ne d  i n  t h e  

me d i um a f t e r  th i s  p e r i od . Co r r e s p o nd i ng w i t h  t h e  s l o we r  

r a t e  o f  s ug a r  u t i l i s a t i o n wa s a s l owe r  r a t e  o f  g r o wt h . 



F i g . 1 1 : Ut i l i s a t i o n  o f  D - G 1 uc o s e  and D - Xyl o s e  ( 2 % : 2 % w/v )  
i n  YNB by S t r a i n  D / X  A .  

� , gr owt h ;  0 ,  D - g l uc o s e ; • , D - xyl o s e  

F i g . 1 2 : Ut i l i s a t i o n o f  D - G l u c o s e  a nd G l yc e r o l  ( 2 % : 2 % w/ v )  
i n  YNB by S t r a i n  P 5 0 9 - 1B . 

0 ,  D - g l u c o s e ;  

• ,  g l yce r o l  ( a l o ne ) ;  

• ,  g l yce r o l  ( m i x t u r e ) 
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9 0  

The u t i l i sa t i o n o f  D - f r uc t o s e  and D - ma n n o s e  b y  P 5 0 9 - 1 B  was 

a l s o  f o l l o we d  in me d i a wh i c h  c o nta i ne d  D-xyl o s e  as a 

ca r bo n  s o u r c e  i n  add i t i on t o  t h e  h e x o s e  s ugar ( YN B -

f r u c t o s e / x y l o s e  a nd YNB-ma n n o s e / x y l os e , r e s pe c t i ve l y ) . 

B o t h  D - f r uc t o s e  a nd D - ma n n o s e  we r e  c on c u r r e nt l y  ut i l i s e d  

w i t h  D-xyl o s e  b y  s t r a i n  P 5 0 9 - 1 B ,  i n  a s i m i la r  ma nne r t o  

t hat wh i c h o c c u r r e d  w i t h  D - g l u c os e . T h e  f a t e  o f  D- g l u c o s e  

wa s a l s o  f o l l o we d  i n  med i a ,  wh i c h  i n  add i t i o n  t o  t h e  D ­

g l u c o s e  c o nta i ne d  e i t h e r  g l yc e r o l  o r  L - ma l i c a c i d . D ­

G l u c o s e wa s c o ns umed i n  YNB-g l uc o s e / g l yc e r o l  ( F i g u r e  1 2 ) 

and i n  YNB - g l uc o s e / ma l i c  a c i d . T h e  p a t te r n  o f  D- g l u c o s e  

ut i l i sa t i o n wa s aga i n  ve r y  s i m i l a r  t o  t h a t  f o u nd i n  t he 

YNB- g l uc o s e /xyl o s e  me d i a . H o we ve r , t h e  u t i l i sa t i o n o f  

t he g l yce r o l  wa s n o t  i nh i b i t e d  b y  t h e  D - g l u c o s e  t o  t h e  

s a me e xt e n t  a s  t h e  D - x yl o s e . The u t i l i s a t i o n o f  t h e  L ­

ma l i c a c i d  wa s i n h i b i t e d  b y  t he D-g l uc os e . Af t e r  7 2  h r , 

2 7 %  o f  t h e  L - ma l i c  ac i d  and 7 4 %  o f  t h e  D - g l u c o s e  wa s 

c o ns umed i n  t h e  m i xed s uga r s , c o mpa r e d  t o  6 4 % o f  t h e  L ­

ma l i c  a c i d  a s  a s o l e c a r b o n  s o u r c e . 

2 . 4  G l u c o s e  Ut i l i sa t i o n  a t  H i gh Ce l l  D e n s i ty 

B o t h  P 5 0 9 - 1 B  and D / X  A we r e  i n o c u l a t e d  i nt o  YNB-g l u c o s e  at 

h i g h  c e l l  d e ns i ty a s  d e s c r i be d  in Ma te r i a l s  & Me t h o d s  

2 . 3 2 .  Und e r  t h e s e  i n o c u l a t i o n c o n d i t i on s , P 5 0 9 - 1 B  wa s 

f o und t o  u t i l i s e  D-g l u c o s e  ( F i g u r e  1 4 ) a t  a g r e a t ly 

r e d u c e d  r a t e  c ompa r e d  to t h e  w i l d  t ype . Af t e r  7 2  h r , 9 4 % 

o f  t h e  D-g l uc o s e  wa s u s e d , whe r e a s  t h e  w i ld t ype s t r a i n ,  

P 4 4 4 - 3 D ,  c o n s umed a l l  t h e  D - g l u c o s e  wi t h i n  1 2  h r  ( F i gu r e  

1 3 ) .  T h e  g r o wt h  r a t e  o f  P 5 0 9 - 1 B  wa s ve r y  muc h  s l o we r 

t ha n  t h e  w i ld type s t r a i n  but t h e  ma x i mum c e l l  



F i g . 1 3 : 

F i g . 1 4 : 

T i me Cour s e  o f  W i l d  Type , P 4 4 4 - 3 D ,  i n  YNB­
G l u c o s e  ( 2 % w/v ) a t  H i g h  Ce l l  D e n s i ty .  

/:.:,. , gr owt h ; 0 , D - g l uc o s e ; A , e t han o l  

T i me Co u r s e  o f  S t ra i n  P 5 0 9 - 1 B  i n  YNB -G l u c o s e  
( 2 % w/v ) a t  H i gh Ce l l  De n s i ty .  

/:.:,. 1 gr owt h ;  0 ,  D-g l uc o s e ;  A 1 e t ha n o l  
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9 2  

c o n c e n t r a t i o n r ea c h e d  wa s h i gh e r  ( 2 . 7  x 1 0 9 c e l l s  ml- 1 at 

9 6  h r  and 1 . 9  x 1 0 9  c e l l s ml - 1  at 1 2  h r  f o r  P 5 0 9 - 1 B  a nd 

w i l d  type , r e s pe c t i ve l y ) . E t ha n o l  wa s p r o d u c e d  by P 5 0 9 -

1 B  but t h e  ma x i mum e t ha n o l  c o nc e n t r a t i o n i n  t h e  med i a  wa s 

l owe r t han f or t h e  w i l d  type s t r a i n  ( 2 . 0  g 1- 1 a t  7 2  h r  

a nd 6 . 5  g 1 - 1  a t  1 2  h r  f o r  mut a n t  a nd w i ld type , 

r e s p e c t i ve l y ) . 

T h e  t r i p l e  mutant , D / X  A ,  c o n s ume d D - g l u c o s e  v e r y  s l ow l y ,  

o n l y  a mi n i ma l  i nc r e a s e  i n  c e l l  numbe r s  wa s o b s e r v e d  

ove r a 9 6  h r  i nc u bat i o n  p e r i od ( F i gu r e  1 5 ) .  No e t h a n o l  

wa s d e t e c te d  i n  t h e  me d i a ,  but a n  unk n o wn c ompo und 

a c c umu l a t e d  d ur i ng t h e  i n c u bat i o n p e r i od . T h i s  c o mp ou nd 

e l u t e d  at a s i mi la r  r e t e n t i o n t i me t o  t h a t  o f  D - f r uc t o s e  

o n  t h e  B i o -Rad Am i n e x  HP X - 8 7 H  c o l umn u s e d  f or t h e  ana l ys i s  

o f  s uga r and e nd - pr od u c t s . The r e t e nt i o n  t i me lay w i t h i n  

t h e  r a nge o f  va l u e s  f o r  D - f r u c t o s e  o n  t h i s  c o l umn ( Ta b l e  

X I ) • Dur i ng t h e  c o u r s e  o f  th i s  s t u d y ,  t h e  i d e n t i ty o f  

t h i s  c ompo u n d  wa s c o n f i r me d  a s  D - f r uc t o s e  b y  u s e  o f  C 1 3 -

Nuc l e a r  Ma gne t i c Re s o na nc e  S pe c t r o s c o py a nd by b o r o h yd r a t e  

r e d uc t i o n t o  D -ma n n i t o l  a nd D - s or b i t o l  ( P a u l  B i c h o , 

pe r s o na l  c o mmun i ca t i o n ) . The C 1 3 -NMR s p e c t r um o f  t h e  

c o mp o und wa s 

T h e  c ompound 

s i m i l a r  t o  the s pe c t r um o f  p u r e D - f r uc t os e . 

wa s r e d uc e d  by s od i um b o r o hyd r a t e  t o  an 

a p p r o x i mate ly e q u i m o l a r  c on c e n t r a t i o n of  D - ma n n i t o l  a n d  D­

s o r b i t o l . A t h e o r e t i ca l  1 : 1  r a t i o  o f  D - ma n n i t o l  a nd D ­

s o r b i t o l  wo u l d  b e  e xp e c t e d  f r om t h e  r e d uc t i o n o f  D ­

f r uc t o s e . Af t e r  9 6  h r  i nc u ba t i o n ,  D / X  A had c o n s ume d  

3 . 3  g 1 - 1  D - g l u c o s e  a n d  h a d  a c c umu l a t e d  2 . 4  g 1- 1 D ­

f r u c t o s e  i n  the med i u m .  



F i g . 1 5 : T i me Co u r s e  o f  S t ra i n  D/X A i n  YNB - G l u c o s e  
( 2 % w/v ) at H i gh Ce l l  D e n s i t y .  

b,. , g r o wt h ;  0 , D - g l uc o s e ;  D , D - f r uc t o s e  
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3 .  HEXO S E - ATP - K I NASE , P H O S PHOGLUCO S E  I S OMERAS E AND 
GLUCO S E - 6 -PHOSP HATE DEHYDROGENASE ACT I VI T I ES 

9 4  

Ce l l - f r e e  e x t r a c t s  o f  t he w i l d  t ype s t r a i n  and s e v e r a l  

g l uc o s e - n e g a t i ve mu t a n t s  we r e  p r e pa r e d  a nd e n z yme 

a c t i v i t i e s  me a s ur e d . T h e  h e x o s e - ATP - k i na s e , p h o s p h o g l u c o s e  

i s ome r a s e  a nd g l u c o s e - 6 - p h o s pha t e  d e hyd r o g e na s e  a c t i v i t i e s  

i n  t he mut a n t  s t r a i ns we r e  c ompa r e d  t o  t h e  w i ld t ype 

s t r a i n ,  P 4 4 4 - 3 D ( Ta b l e  V ) . The h e x o s e -ATP - k i na s e  act i v i t y 

o f  t he P l 7 - 1 A  s t r a i n  f r om wh i c h  t he mut a n t  s tr a i ns we r e  

d e r i v e d  wa s a l s o  me as u r e d . Al l s t r a i ns we r e  p r e -

c u l t u r e d  i n  YEP - g l u c o s e / xyl o s e  and t h e n  gr o wn i n  YEP -

g l uc o s e / xyl o s e  f o r  4 2  h r . 

Al l mut a n t  s t r a i n s e xh i b i t e d  l owe r h e x o s e -ATP -k i na s e  

a c t i v i t i e s , wi t h  D - g l u c o s e  as t h e  s u b s t r a t e  t han t h e  

w i ld t y p e  s t r a i n ,  P 4 4 4 - 3 D ,  and t he pa r e nt s t r a i n ,  P l 7 - 1 A . 

S t ra i n s P 5 1 0 - 5 A and P 5 0 9 - 3 C e xh i b i t e d  4 3 % a nd 4 9 %  o f  t h e  

w i l d  t y p e  a c t i v i t y ,  r e s pe c t i ve l y .  The d o u b l e  and t r i p l e  

mu ta n t s ,  P 5 0 9 - 1 B  a nd D/X A ,  e xh i b i t ed 5 %  and a b o u t  1 %  o f  

t h e  w i ld type a c t i v i ty ,  r e s pe c t i ve ly .  

T h e  wi l d  type s t r a i n  a nd t h e  mu tants we r e  a l s o  p r e -

c u l t u r e d  a nd gr o wn i n  YEP - g l u c o s e  and t he h e x o s e -ATP -

k i na s e  a c t i v i t i e s  me a s u r e d . W i t h  s o me s t r a i n s , 

me a s u r eme n t s  we r e  a l s o  ma d e  o n  c e l l s wh i c h had b e e n  g r own 

f o r o n l y  1 6  hr and we r e  s t i l l  i n  the e x p o n e n t i a l  pha s e  o f  

gr o wt h . T h e  a c t i v i t i e s  mea s u r e d  i n  t h e  w i ld type s t r a i n  

and P 5 0 9 - 3 C a t  a l a t e r  pha s e  o f  gr owt h  ( Ta b l e  VI ) we r e  

s i mi l a r  t o  t he va l u e s  obta i ne d  wh e n  t h e s e  s t r a i n s we r e  

g r o wn i n  YEP - g l uc o s e /xyl o s e  ( Ta b l e  V ) . T h e  a c t i v i t y i n  
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Ta b l e  V :  H e x o s e -ATP - K i na s e ,  P h o s p h o g l u c o s e  I s o me r a s e  a nd 
G l u c o s e - 6 -P h o s ph a t e  D e h yd r o g e n a s e  Ac t i v i t i e s  
o f  W i l d  Type a nd Mut a n t s  

S t r a i n/ 
Ge n o type 

P 4 4 4 - 3 D  WT 

P l 7 - 1 A  me t 2 - l  

P 5 1 0 - 5A g l u. 1  

P 5 0 9 - 3 C  h ;x:  k 2  

P 5 0 9 - 1 B  h x k 2  g l u. 1  

D/X A h:x: k l  h x k 2  g l u. 1  

S pe c i f i c  Ac t i v i ty 1  

H e x o s e -AT P -2 P h o s p h o - G l u c o s e - 6 -P 
- k i na s e  g l u c o s e  

I s ome r a s e  D e h yd r o g e n a s e  

0 . 7 7 3 . 3  0 . 1 7 

0 . 7 6 ND ND 

0 . 3 3 4 . 4  0 . 1 2 

0 . 3 8 3 . 9  0 . 2 4 

0 . 0 4 2  2 . 0  0 . 3 1 

0 . 0 0 6 1  1 . 1  0 . 3 4 

1 S pe c i f i c Ac t i v i t y i n  �mo l e s  NADP r e d uc e d  m i n - 1  
( mg p r o t e i n ) - 3• •  

2 G l uc o s e - p h o s p h o r y l a t i ng a c t i v i t y 

ND n o t  d e t e r mi n e d  
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Ta b l e  VI : G l u c o s e  a nd F r u c t o s e -P h o s p h o r yl at i ng Act i v i ty o f  
W i l d  Type a nd Mut a n t s  

S t r a i n  Ca r b o n  S o u r c e  He x o s e -ATP -K i na s e *  Ac t i v i t y 

D - G l u c o s e  D - F r u c t o s e  F/G Rat i o  

P 4 4 4 - 3 D  D - G l u c o s e 1 0 . 8 0 1 .  0 1  1 .  2 6 / 1 . 0 0  

P 4 4 4 - 3 D  D - G l  u c o s e :"' 0 . 8 0 0 . 8 7 1 . 1 0 / 1 . 0 0 

P 4 4 4 - 3 D  D - Xy l o s e 1 0 . 5 6 0 . 3 0 0 . 5 4 / 1 . 0 0 

P 5 1 0 - 5A D - G l  u c o s e :;;;' 0 . 6 3 0 . 7 8  1 . 2 4 / 1 . 0 0 

P 5 0 9 - 3 C  D - G l uc o s e 2 0 . 3 8 0 . 1 1 0 . 2 9 / 1 . 0 0 

P 5 0 9 - 1 B  D - G l u c o s e / D - Xy1 o s e 1  0 . 0 2 7  0 . 0 8 5  3 . 1 5 / 1 . 0 0  

P 5 0 9 - 1 B  D - G l u c o s e / D - Xyl o s e 2 0 . 0 5 0  0 . 1 5 3 . 0 0 / 1 . 0 0 

D / X  A D - G l uc o s e / D - Xy l o s e 2 0 . 0 0 6 1  0 . 0 0 9 6  1 . 5 7 / 1 . 0 0 

S t r a i ns P 4 4 4 - 3 D ,  P 5 1 0 - 5A a nd P 5 0 9 - 3 C  we r e  gr o wn i n  YEP ­
g l u c o s e . S t r a i n s P 5 0 9 - 1 B  a nd D/X A we r e  gr own i n  YEP ­
g l u c o s e /xy l o s e .  

* H e x o s e - p h o s ph o r y l a t i n g a c t i v i ty i n  pmo l e s  N ADP r e d u c e d  
m i n - 1  ( mg pr o t e i n ) - 1 

1 1 6  hr c u l t u r e  

2 4 2  hr c u l t u r e  
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P 5 1 0 - 5A wa s h i g h e r  t ha n  t h e  c o r r e s pond i ng a c t i v i t y  i n  YEP ­

g l u c o s e /xy l o s e  g r o wn c e l l s . 

S i nc e  h e x o s e -ATP - k i na s e  a c t i v i ty wa s mea s u r e d  u s i ng D ­

f r uc t o s e  a s  we l l  a s  D -g l uc o s e  a s  a s ub s t r a t e , t h e  r a t e  o f  

D - f r uc t o s e  t o  D - g l u c o s e  p h o s p h o r yl a t i o n ( F/ G  r a t i o )  c o u l d  

b e  c ompa r e d  b e t we e n  s t r a i ns . O n l y  P 5 1 0 - 5 A  had a n  F/G r a t i o  

c l o s e  t o  t he w i l d  t y p e  va l ue ; 1 . 2 4 / 1 . 0 0 and 1 . 1 0 / 1 . 0 0 

f o r  P 5 1 0 - 5 A and w i l d  type g r o wn i n t o  

gr owt h , r e s p e c t i ve l y  ( Ta b l e  VI ) .  

s ta t i o na r y  p h a s e  

U nd e r  t he s ame 

c o nd i t i on s  o f  g r o wt h ,  

o f  0 . 2 9 / 1 . 0 0 ,  wh i l e 

P 5 0 9 - 3 C  e xh i b i t e d  a l owe r F/G r a t i o  

P 5 0 9 - 1 B  a nd D / X  A ,  gr o wn i n  YEP -

g l u c o s e / xyl o s e , gave h i g h e r  va l u e s  o f  3 . 0 0 / 1 . 0 0 a nd 

1 . 5 7 / 1 . 0 0 ,  r e s pe c t i ve l y . 

T h e  w i l d  type s t r a i n  e xh i b i te d  l i t t l e  va r i a t i o n i n  

h e x o s e -ATP -k i na s e  a c t i v i ty b e t we e n  c e l l s  g r o w i ng 

e xp o n e nt i a l l y i n  Y EP - g l uc o s e  and c e l l s a t  s t a t i o n a r y  

p ha s e . H e x o s e -ATP - k i na s e  a c t i v i ty whe n  mea s u r e d  u s i ng 

D - g l u c o s e  a s  t h e  s ubs t r a t e ,  wa s i d e n t i ca l  i n  c e l l s  g r o wn 

i nt o  b o t h  p ha s e s , but t h e  F/G r a t i o  was s l i g h t l y  l o we r  i n  

t h e  l a t t e r  p ha s e  c e l l s . H i g h e r  e nz yme a c t i v i t i e s  we r e  

me a s u r e d  i n  P 5 0 9 - 1 B  c e l l s a t  4 2  h r  c ompa r e d  t o  1 6  h r  

c u l t u r e  c e l l s ,  ( 0 . 0 5 0  a n d  0 . 0 2 7  pmo l e s  NADP r e d uc e d  m i n- 1  

( mg p r o t e i n ) - 1 w i t h  D - g l u c o s e ;  0 . 1 5 and 0 . 0 8 5  pmo l e s  NADP 

r e du c e d  

r e s pe c t i ve l y ) . 

o f  gr owt h . 

( mg p r o te i n ) - 1 w i t h  D - f r uc t o s e ,  

T h e  F / G  r a t i o  wa s s i m i l a r  a t  b o t h  p ha s e s  

W i l d  typ e  h e x o s e -ATP - k i na s e  a c t i v i t i e s  we r e  me a s u r e d  i n  

l o g  p h a s e  c e l l s g r o wn o n  D - x yl o s e . B o t h  a l o we r 
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s pe c i f i c  a c t i v i ty and a l owe r F/G r a t i o  wa s f o und i n  D -

xy l o s e  g r own c e l l s  c ompa r e d  t o  D - g l u c o s e  gr own c e l l s  ( 0 . 5 6 

a n d  0 . 8 0 pmo l e s  NADP r e d uc e d  m i n - 1  ( mg p r o t e i n ) - 1 w i t h  D -

g l uc o s e ;  0 . 3 0 a n d  1 . 0 1 pmo l e s  NADP r e d uc e d  m i n- 1 ( mg 

p r o t e i n ) - 1 w i t h  D - f r uc t o s e ;  F / G  r a t i o s 0 . 5 4 a nd 1 . 2 6 ,  

r e s pe c t i ve l y .  

L e s s  va r i a t i o n i n  s pe c i f i c a c t i v i t i e s  be twe e n  t he w i l d  

type a nd mu tant s t r a i n s  wa s f o und f o r  p h o s p h o g l u c o s e  

i s o me r a s e  and g l u c o s e - 6 - p h o s p h a t e  d e h yd r oge na s e . T h e  

d o u b l e  a nd t r i p l e  mu ta n t s , P 5 0 9 - 1 B  a nd D/X A gave l o we r  

p h o s ph o g l u c o s e  i s o me r a s e  a c t i v i t i e s a nd h i gh e r  g l u c o s e - 6 -

p h o s phate d e hyd r o g e na s e  a c t i v i t i e s c ompa r e d  t o  t h e  w i ld 

type . 

F r uc t o k i na s e  a c t i v i ty wa s n o t  d e t e c t e d  i n  P 5 0 9 - 1 B  n o r  D/X 

A .  

4 .  CHROMATOGRAP H Y  OF HEXO S E - P H O S PHORYLAT I NG E N Z YMES ON 
DEAE- CELLULOSE 

4 . 1  Chr oma t ogr aphy o f  W i ld Type and H e x o s e - ATP - k i na s e  
De f e c t i ve Muta n t s  

An i o n - e x change c h r oma t o g r a phy o f  c e l l - f r e e  e x t r a c t s  f r om 

t h e  w i l d type s t r a i n  a nd t h e  mu ta n t s  wa s c a r r i e d  o u t  t o  

c o n f i r m  t h e  e x i s t e n ce o f  t h r e e  h e x o s e - p h o s p h o r y l a t i ng 

e n zyme s and t o  i n ve s t i g a t e  s o me o f  t he i r  c h a r a c t e r i s t i c s  

f u r t he r . 

T h e  c h r oma t o g r a p h y  o f  t he wi l d  type s t r a i n  and f i ve 

mu t a n t s  i s  s h own i n  F i g u r e s  1 6 - 2 1 . B o t h  c o nduct i v i t y and 

p r o t e i n  c o n c e n t r a t i o n i n  e a c h  f r a c t i o n we r e  r o ut i n e l y  
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me a s ur e d  f o r  e a c h  c h r omat o g r a p h , but t h e  va l u e s  a r e  o n l y  

i nc l ud e d  o n  t h e  w i l d  type p r o f i l e . 

g l u c o s e  p h o s ph o r y l a t i n g a c t i v i ty 

F i f t e e n  un i t s o f  D-

wa s t yp i c a l l y 

c h r o ma t o g r a p h e d ; o n l y  5 and 1 . 2 5 un i t s f r om s t r a i ns P 5 0 9 -

1 B  a nd P 5 0 9 - 1 B  # 6  r e s pe c t i ve l y ,  we r e  c h r oma t o g r a p hed . A 

t o ta l o f  7 5 . 0  mg o f  p r o t e i n  f r o m s t r a i n  D / X  A wa s 

c h r oma t o g r a p h e d  i n  c ompa r i s o n t o  1 9 . 0  mg p r o t e i n  f r om t h e  

w i l d  type s t r a i n .  T h e  w i ld type , P 5 1 0 - 5 A a nd P 5 0 9 - 3 C we r e  

gr o wn i n  YEP - g l u c o s e  f o r  4 2  h r , wh i l e P 5 0 9 - 1 B ,  P 5 0 9 - 1 B  # 6  

a nd D / X  A we r e  c u l t u r e d  i n  YEP - g l uc o s e / xyl o s e  f o r  the s a me · 

p e r i od .  Al l s t r a i n s we r e  p r e - c u l t u r e d  o n  t he same c a r b o n  

s o u r ce u s e d  f o r  c e l l  c u l t i vat i o n . 

F o u r  p e a k s  o f  h e x o s e - p h o s p h o r y l a t i n g a c t i v i t y e l u t e d  wh e n  

t h e  w i ld type , P 4 4 4 - 3 D ,  e x t r a c t  wa s c h r oma t o g r a p h e d  w i t h  

t h e  s od i um c h l o r i d e  g r a d i e nt ( F i g u r e  1 6 ) .  The f i r s t  two 

pe a k s  e x h i b i t e d  F/G r a t i o s of 3 . 0 / 1 . 0 , the t h i r d p e a k  

1 . 1 / 1 . 0  a n d  t h e  f o u r t h  p e a k  1 . 3 / 1 . 0 .  The c o nduct i v i t y  o f  

t he f r a c t i o n s  w i t h  t h e ma x i mum a c t i v i t y we r e  4 . 4 , 6 . 1 ,  

9 . 0  a nd 1 0 . 7  mS f o r  t h e  f i r s t ,  s e c o nd , t h i r d a nd f o u r t h  

p e a k s , r e s pe c t i ve l y .  A s i m i l a r  c h r o ma t o g r a ph i c  pr o f i l e 

wa s f o und w i t h  a c e l l - f r e e  e x t r a c t  p r e pa r e d  f r o m a n  

e x p o ne n t i a l  p ha s e  c u l t u r e  ( 1 6 h r ) ,  a l t h o ug h  t h e th i r d p e a k  

had a l owe r F / G  r a t i o  o f  0 . 9 / 1 . 0 .  

S t r a i n  P 5 1 0 - 5 A e x h i b i t ed one ma j o r pe a k , w i t h  ma x i mum 

a c t i v i ty e l ut i ng at 9 . 3  mS and a 1 . 3 / 1 . 0  F/G r a t i o . 

T h i s  wa s p r e c e d e d  by two s ma l l e r  pe a k s , e l ut i ng at 4 . 6  a nd 

6 . 5  ms , b o t h  w i t h  F / G  r a t i o s o f  3 . 0 / 1 . 0 .  ( F i g u r e 1 7 ) .  

T h e  e x t r a c t  p r e pa r e d  f r o m s t ra i n  P 5 0 9 - 3 C ,  c h r oma t o g r a ph e d  

w i t h  o n e  ma j o r p e a k  e x h i b i t i n g act i v i t y w i t h  D - g l u c o s e , 

�ASSEY U ' 1\'ET.S ITY 
LiBRARY 



F i g . 1 6 : DEAE - Ce l l u l o s e  C h r o ma t o g r a ph y  o f  Ce l l - F r e e  
Ext r a c t  f r om W i l d  Type S t r a i n ,  P 4 4 4 - 3 D . 

0 , D -g l uc o s e - ph o s ph o r y la t i o n ;  

B , D - f r u c t o s e - ph o s ph o r y l a t i o n ;  

· , p r o t e i n ;  D ,  c o n d uc t i v i t y 
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F i g . 1 7 : DEAE-Ce l l u l os e  C h r o ma t o gr a phy o f  Ce l l -F r e e  
E x t r a c t  f r om S t r a i n  P 5 1 0 - 5 A . 

0 ,  D -g l uc o s e - p h o s p h o r y l a t i o n ;  

E , D - f r uc t o s e - p h o s p h o r y l a t i o n 
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b u t  o n ly m i n o r  a c t i v i ty w i t h  D - f r uc t o s e  ( F i gu r e  1 8 ) .  Two 

s ma l l  pea k s  o f  a c t i v i t y ,  w i t h ma x i mum a c t i v i t i e s  e l u t i ng 

a t  4 . 4  and 5 . 7  mS and r a t i o s o f  3 . 0 / 1 . 0 , p r e ce d e d  t h e  

ma j o r p e a k  wh i c h e l u t e d  a t  8 . 7  mS . 

Whe n  t he d o u b l e  mu ta n t , P 5 0 9 - 1 B  wa s c h r o ma t o g r a ph e d , two 

h e x o s e - p h o s p h o r y l a t i ng p e a k s  both w i t h  F / G  r a t i o s o f  

3 . 0 / 1 . 0  e l ut e d  ( F i g u r e  1 9 ) .  Max i mum a c t i v i t i e s  e l u t e d  a t  

4 . 0  a nd 6 . 0  mS . T h e  l a r ge r o f  t h e  two pea k s  e l u t e d  f i r s t ,  

f o l l owed by t h e  m i n o r  pe a k . 

C h r o ma t og r a p h y  o f  P 5 0 9 - 1 B  � 6  ( F i gu r e  2 0 ) s h owed an s i m i l a r  

p r o f i l e t o  P 5 0 9 - 1 B . P r e pa r a t i on o f  t h e  c e l l - f r e e  e x t r a c t  

f r o m  t h i s  s t r a i n  d i f f e r e d  f r om t h e  p r e v i o u s  s t ra i ns . T h e  

p r o t e a s e  i nh i b i t o r , P MS F ,  wa s i nc l ud e d  i n  t h e  e xt r a c t i o n  

bu f f e r  a t  2 mM i ns t e a d  o f  0 . 2  mM a nd the c e l l - f r e e  e x t r a c t  

was d e s a l t ed b y  f i l tr a t i o n o n  S e p hade x G- 2 5  i n s tead o f  

o ve r n i g h t  d i a l ys i s ( Ma t e r i a l  & Me t h o d s  5 . 3 ) . A l o we r 

h e x o s e -p h o s p h o r y l a t i ng a c t i v i t y i n  t h e  P 5 0 9 - 1 B  � 6  c e l l ­

f r e e  e x t r a c t  wa s me a s u r e d  c o mpa r e d  t o  P 5 0 9 - 1 B  ( 0 . 0 2 8  a n d  

0 . 0 5 0 pmo l e s  NADP r ed u c e d  mi n- 1 ( mg p r o t e i n ) - 1 , 

r e s pe c t i v e l y ) . T h e  F/G r a t i o  i n  the c r ude e x t r a c t  a n d  i n  

t h e  p e a k  f r a c t i o n s  o f  t h e  e l ut e d  e n zyme wa s s i mi l a r  f or 

b o t h  s t r a i n s but t h e  o r d e r  o f  e l ut i o n  o f  t h e  pea k s  wa s 

d i f f e r e nt . Wi t h  P 5 0 9 - 1 B  # 6 ,  t h e  sma l l e r  p e a k  e l u t e d  

f i r s t ,  w i t h  ma x i mum a c t i v i t y at 5 . 0  mS , f o l l owed by t h e  

l a r g e r  p e a k  a t  6 . 4  mS . 

On l y  a v e r y  s ma l l  amo u n t  o f  a c t i v i ty e l ut e d  a t  a 

c o nd u c t i v i t y o f  5 . 0  whe n t h e  D / X  A 

c h r oma t o g r a p h e d  ( F i g u r e  2 1 } .  

e x t r a c t  wa s 
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F i g . 2 0 : DEAE - Ce l l u l os e  C h r oma t o g r a phy o f  Ce l l -Fr e e  
Ext r a c t  f r om S t r a i n  P 5 0 9 - 1 B  # 6 . 
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4 . 2  Chr o ma t ography o f  W i ld Type G r o wn on D i f f e r e n t  Ca r b o n  
S o u r c e s  

F i g u r e s  2 2 - 2 4  s h o w  t h e  c h r oma t o gr a p h s  o f  c e l l - f r e e  

e x t r a c t s  o f  w i l d  typ e , P 4 4 4 - 3 D ,  p r e pa r e d f r om c e l l s g r o wn 

o n  D - g l u c o s e , D - xy l o s e  and g l yc e r o l . F o r  e a c h  o f  t he s e  

c h r oma t o g r a p h s , P M S F  wa s u s e d  i n  t h e  e x t r a c t i o n bu f f e r  a t  

a f i na l  c o n c e n t r a t i o n  o f  2 m M  and t h e  ce l l - f r e e  e xt r a c t s  

we r e  d e s a l t e d  o n  S e p h a d e x  G- 2 5  a s  e x p l a i ne d  a bove . 

T h e  f i r s t  e l u t e d  e nz yme , c o r r e s p o nd i ng t o  h e x o k i na s e  B ,  

s t i l l  e l u ted a s  two pea k s  o f  a c t i v i t y ,  i r r e s pe c t i ve o f  t h e  

c o nc e n t r a t i o n o f  P M S F  u s e d  i n  t h e  e x t r a c t i o n bu f f e r  a n d  

t h e  me t h od e mp l oyed f o r  d e s a l t i ng t h e  e xt r ac t ,  b u t  t h e  

o r d e r  o f  e l ut i o n o f  t h e  p e a k s  h a d  c hanged ( F i gu r e  2 2 ) . 

Wh e n  0 . 2  mM P M S F  wa s u s e d  i n  t h e  e x t r a c t i o n bu f f e r  and t h e  

e xt r a c t  wa s d i a l ys e d  ove r n i gh t , t h e  l a r g e r  p e a k  

g e n e r a l l y e l u t e d  f i r s t ,  f o l l owed by the s ma l l e r  o r  m i n o r  

p e a k  o f  a c t i v i ty ( F i gu r e s  1 7 - 1 9 ) .  Whe n  t h e  h i gh e r  

c o n c e n t r a t i o n o f  p r o t e a s e  i nh i b i t o r  wa s u s e d  i n  t h e  

e x t r a c t i o n b u f f e r  a n d  G - 2 5  f i l t r a t i o n wa s e mp l o yed as t h e  

me thod o f  sa l t  r e mova l ,  t h e  m i n o r  p e a k  e l ut e d  f i r s t ,  

f o l l owed by t h e  ma j o r p e a k  ( F i g u r e  2 2 ) .  T h e  F I G  1 . 3 / 1 . 0  

p e a k , c o r r e s p o nd i ng t o  h e x o k i na s e  A ,  c h r oma t o g r a phed a s  a 

s i ng l e  p e a k . H e x o k i na s e  A wa s p r e c e d e d  by t h e  t h e  

g l uc o k i na s e ;  t h e s e  t wo e n zyme s we r e  pa r t i a l l y r e s o l ved 

a nd t o ge t h e r  t he y  c o n t r i b u t e d  the ma j o r a c t i v i ty o n  t he 

g r a d i e n t ; t he c o n t r i b ut i o n o f  h e x o k i na s e  B t o  t h e  ove r a l l  

a c t i v i t y wa s mi n o r  i n  c ompa r i s o n . 

L o we r l e ve l s  o f  h e x o k i na s e  A we r e  p r e s e nt , as i nd i ca t e d  by 

t h e  l owe r l e ve l  o f  D - f r u c t o s e  p h o s p h o r y l a t i o n ,  whe n  t he 



F i g . 2 2 : DEAE - Ce l l u l os e  Chr o mat o g r aphy o f  Ce l l -Fr e e  
Ext r a c t  f r om W i l d  Type , P 4 4 4 - 3 D ;  Ce l l s G r o wn 
o n  D - G l u c os e . 

0 1 D - g l uc o s e - p h o s p h o r y la t i on ;  

a 1 D - f r uc t o s e - p h o s p h o ryl a t i on 



1 0 8 

� � lD � (Y) N � 0 . . . . . . . . 
C) C) C) C) C) C) C) C) 

< I W/S+ ! un)  A+ ! A ! +88 6u ! +� 1 Ajo4dso4d-esoxeH 

C) 
lD 

C) 
(Y) . 

0 
:z 
c 
0 

+-' 
� L lL 

C) 
N 

C) 



c e l l s  had 

( F i gu r e s  

e l ut e d  a s  

b e e n  g r own o n  e i t he r  D - x y l o s e  

2 3  & 2 4 ) . B o t h  h e xo k i na s e  A a nd 

two p e a k s ,  but the o r d e r  o f  

1 0 9  

o r  g l yc e r o l  

h e x o k i na s e  B 

e l ut i o n o f  

h e xo k i na s e  B wa s r e ve r s ed i n  c ompa r i s i o n t o  c h r oma t o g r a ph s  

e mp l o y i n g  ove r n i g h t  d i a l ys i s  o f  t h e  e xt r a c t  ( F i g ur e s  1 6 -

1 9 ) .  

5 .  X YL O S E  REDUCTAS E AND X YL I TOL DEHYDROGENASE ACT I VI T I E S 

T h e  xyl o s e  r e d u c t a s e  a nd xyl i t o l  d e hyd r oge na s e  a c t i v i t i e s  

o f  P 5 1 0 - 5A ,  P 5 0 9 - 3 C  and P 5 0 9 - 1 B ,  gr o wn e x p o n e n t i a l l y f or 

1 6  h r  o n  a numbe r o f  c a r b o n  s o u r c e s , we r e  mea s u r e d  and 

c ompa r e d  to the w i l d  type , P 4 4 4 - 3 D ,  

VI I ) .  The w i l d  type s t r a i n  o n l y  

e n zyme ac t i v i t i e s  whe n  g r o wn o n  

a c t i v i t i e s  ( Ta b l e  

s h o we d  s i g n i f i ca n t  

D - x yl o s e . Much 

l o we r a c t i v i t i e s  we r e  f o und i n  c e l l s g r own on e i th e r  D ­

g l uc o s e  o r  g l yc e r o l  a nd a l s o  i n  c e l l s  g r own on a m i x t u r e 

o f  D - xyl o s e  a nd D - g l uc o s e . 

S i mi l a r  a ct i v i t i e s  f or b o t h  xyl o s e  r e d u c t a s e  a nd xyl i t o l  

d e hyd r o g e na s e ,  we r e  mea s u r e d  i n  t h e  mu t a n t s  wh e n  g r o wn o n  

D - xy l o s e . W i t h  b o t h  P 5 0 9 - 3 C  and P 5 0 9 - 1 B  s t r a i n s ,  o n l y  

s ma l l  r e d uc t i o n o f  a c t i v i t i e s  we r e  f o und i n  t h e  c e l l s 

gr o wn o n  b o t h  D - g l u c o s e  a nd D - xy l o s e  c ompa r e d t o  c e l l s 

g r o wn o n  D - xy l o s e  a l o n e . I n  c o n t r a s t ,  a c t i v i t i e s  f o r  

xyl o s e  r e ducta s e  and xyl i t o l  d e hyd r o g e n a s e  i n  c e l l s o f  

P 5 1 0 - 5 A g r o wn o n  D - g l u c o s e  a nd D-xyl o s e  we r e  muc h  l o we r 

t h a n  i n  t he D - x y l o s e  g r own c e l l s . Xyl o s e  r e d u c t a s e  a nd 

xyl i t o l  d e h yd r o g e na s e  a c t i v i t i e s  we r e  0 . 0 3 9 a nd 0 . 0 5 4  

rmo l e s  c o f a c t o r  r e d u c e d  o r  o x i d i s e d  mi n- 1 ( mg p r o t e i n ) - 1  

f o r  D-g l u c o s e / D -xy l o s e  g r o wn ce l l s c ompa r e d  to 0 . 3 3 and 
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Tab l e  VI I :  

S t r a i n  

P 4 4 4 - 3 D  

P 5 1 0 - 5A 

P 5 0 9 - 3 C  

P 5 0 9 - 1 B  

1 1 2  

Spe c i f i c Act i v i t i e s o f  Xyl o s e  Red ucta s e  a nd 
Xyl i t o l  D e hyd r o g e n a s e  by Wi ld Type a nd Mutants 
Gr own o n  D i f f e r e n t  Ca r b o n  S ou r c e s . 

Car bon S ou r c e  S pe c i f i c  Act i v i ty* 

Xyl o s e  Xyl i t o l  
Reductase Dehyd r o g e na s e  

D - Xyl o s e  0 . 2 6 0 . 2 4 

D - Xyl o s e / D - G l u c o s e  0 . 0 0 7  0 . 0 2 8  

D - G l uc o s e  0 . 0 0 6  0 . 0 0 6  

Glyce r o l  0 . 0 0 9  0 . 0 4 9  

D - Xyl o s e  0 . 3 3 0 . 2 9 

D - Xyl o s e / D - G l u c o s e  0 . 0 3 9  0 . 0 5 4  

D - Xyl o s e  0 . 3 4 0 . 2 8 

D - Xyl o s e / D - G l u c o s e  0 . 2 1 0 . 2 0 

D - Xyl o s e  0 . 3 4 0 . 2 8 

D - Xyl o s e /D - G l u c o s e  0 . 2 3 0 . 2 5 

* pmo l e s  c o fa c t o r  r ed u c e d  o r  o x i d i s e d  mi n- 1  ( mg pr o t e i n } - 1 

N ADPH a nd NAD we r e  u s e d  a s  c o f a c t o r s  f o r  t h e  mea s u r e me nt 
o f  xyl o s e  r ed uc t a s e  and xyl i t o l  d e hydr o g e n a s e  a c t i v i ty ,  
r e s pe c t i ve l y .  



1 1 3  

0 . 2 9 pmo l e s  m i n- 1  ( mg p r o t e i n ) - 1  f o r  D - xy l o s e  gr o wn c e l l s . 

T h i s  r e p r e s e n t e d  a n  8 . 5  and 5 . 4 - f o l d r e d uc t i o n i n  a c t i v i t y 

f o r  xyl o s e  r e d u c t a s e  and xyl i t o l  d e hyd r oge n a s e , 

r e s pe c t i ve l y .  

The s t r a i n  P 5 2 - l C ,  p r e s umed t o  be d e f e c t i ve i n  xyl i t o l  

d e hydr o g e nas e ,  gave a xyl i t o l  d e hyd r og e n a s e  a c t i v i t y o f  

0 . 0 0 4  pmo l e s  c o f a c t o r  r ed u c e d  m i n- 1  ( mg pr o t e i n ) - 1 • 

6 .  K I NET I C  S TUD I E S ON HEXOK I NASE A 

6 . 1  P u r i f i ca t i o n o f  H e x o k i na s e  A 

The he xo k i na s e  A i s o e n zyme f r o m  s t ra i n  P 5 1 0 - 5A wa s 

pa r t i a l l y p u r i f i e d  by t r e a tme nt o f  a c e l l - f r e e  e x t r a c t  

w i th s t r e pt o myc i n  s u l p hate , f r a c t i o na t i o n 

c e l l u l o s e , f o l l owe d by a f f i n i ty chr omat o g r a phy . 

o f  t h e  pu r i f i ca t i o n i s  g i ven i n  Ta b l e  VI I I . 

on D E AE ­

A s u mma r y  

B y  t h e s e  

me t h o d s  a p u r i f i ca t i o n f a c t o r  o f  5 5  wa s a c h i eved w i t h  

a b o u t a 1 0 %  y i e l d . The a p p l i cat i o n  o f  a f f i n i t y 

c h r oma t o g ra phy r e s u l t e d  i n  t h e  l a r g e s t  i n c r e a s e  o f  p u r i ty 

i n  o n e  s t e p .  

Magne s i um c h l o r i d e  ( Mg C l 2 ) wa s r e q u i r ed i n  t h e  bu f f e r  t o  

a l l o w b i nd i ng o f  t h e  e n zyme t o  the B l ue S e pha r o s e . L o w  

b i nd i ng o c c u r r ed i f  t h e  ma gne s i um c h l o r i d e  wa s omi t t e d  

f r o m t h e  b u f f e r . T h e  e n zyme wa s e a s i l y r e l e a s e d  f r o m  t h e  

B l u e  S e p har o s e  b y  i nc r e a s i ng t h e  pH o f  t h e  e l u t i on bu f f e r  

t o  8 . 5 .  Al t h o ugh ATP wa s tr i e d a s  a n  e l uant , i t  wa s n o t  

a s  s uc c e s s f u l  i n  e l u t i o n o f  t h e  e n zyme b u t  i nc l us i on i n  

t h e  bu f f e r  at a c o n c e n t r a t i o n o f  1 5  mM a i d e d  s ta b i l i t y  o f  

t h e  e n z yme . I f  ATP wa s o m i t t e d  f r o m  t h e  e l u t i o n b u f f e r  



Ta b l e  VI I I : S umma r y  o f  P ur i f i ca t i o n o f  H e x o k i na s e  A f r o m 
S t r a i n  P 5 1 0 - 5A 

1 1 4 

P u r i f i ca t i o n 
S t e p  

T o ta l 
P r o t e i n  

( mg )  

T o t a l  
Ac t i v i ty 

( u )  

S pe c i f i c  Y i e l d 
Ac t i v i t y  ( % )  

( U  mg 
p r o t e i n ) - 1 

P u r i f i c a t i o n 
f a c t o r  

Ce l l - f r e e  2 4 5 . 0  2 1 6  0 . 9  1 0 0  1 . 0  
e xt r a c t  

S t r e p to myc i n  
s u l pha t e  1 6 2 . 0  1 9 1 1 . 2  8 8  1 . 4  
p r e c i p i ta t i o n 

An i o n -e x c h a n g e  
c h r oma t o g r a phy 2 1 . 0  5 3  2 .  6 2 5  3 . 0  
( DEAE - c e l l u l o s e ) 

Af f i n i ty 
c h r oma t o g r a phy 0 . 4  2 1  4 8 . 4  1 0  5 5 . 0  
( B l u e  S e pha r o s e ) 

U i s  o n e  un i t ,  1 �mo l e  NADP r ed uc e d  m i n - 1 



1 1 5 

a l mo s t  c omp l e t e  l o s s  o f  e nzyme a c t i v i ty o c c ur r e d  w i th i n  2 4  

hr . T h e  e nz yme r e ta i ned a c t i v i t y f o r  a t  l e a s t  one we e k  

whe n  ATP wa s pr e s e nt . The add i t i on o f  g lyce r o l  t o  t h e  

pur i f i ed e n z yme at a f i na l c o n c e n tr a t i o n o f  1 0 % a l s o  

a i d e d  s ta b i l i ty .  

The p ur i f i e d e nyzme wa s e l e c t r o p h o r e s e d  o n  

d i s c  ge l a nd s ta i ned f o r  b o t h  p r o t e i n  

a 

a n d  p o l ya c r y l a m i d e  

h e x o k i na s e . One d o m i nant ba nd a nd t h r e e  o r  f o ur f a i nt 

ba nd s we r e  v i s i b l e  a f t e r  s ta i n i ng w i th C o oma s s i e  B l ue R -

2 5 0  ( P l a t e  9 ) .  O n l y  o n e  ba nd , c o r r e s p ond i ng t o  t h e  

d o m i na n t  ba nd wh i c h  s ta i ned wi t h  t h e  Cooma s s i e  B l u e , 

s t a i n e d  w i t h  t h e  a c t i v i ty s ta i n . I n  c ompa r i s o n ,  the w i l d  

type d e mo ns t r a t e d  f o ur ba nds w i t h  t h e  a c t i v i ty s ta i n .  

6 . 2  K m  Va l u e s  

T h e  K m  va l u e s  f or b o t h  D - g l u c o s e  and D - f r u c t o s e  we r e  

d e t e r m i ne d  ( Ta b l e  I X ) . The Km va l u e s  we r e  e s t i ma t e d  t o  

be 0 . 3 6 mM f o r  D - g l u c o s e  and 2 . 2 8 mM f o r  D - f r u c t o s e . 

The s e  va l ue s  we r e  the a ve rage o f  a s s e s s me n t s  o n  t wo 

i nd e p e nd e n t l y  pur i f i ed b a t c he s o f  e nzyme . A d o u b l e -

r e c i p r o c a l ( L i ne we a ve r - B u r k e ) p l o t  f o r  t h e  e n z yme i s  s h o wn 

i n  F i g u r e  2 5 .  The ma x i mum D - f r uc t o s e / D - g l u c o s e  

p h o s p h o r y l a t i o n ra t i o  ( F/ G ) wa s 1 . 5 0 / 1 . 0 0 ( Ta b l e  I X )  a s  

p r e d i c t e d  

T h e  F / G  

r o ut i ne l y 

1 .  3 2 / 1 . 0 0 . 

f r om t h e  Vma x D - f r uc t o s e / Vma x D - g l uc o s e  r a t i o . 

ra t i o  a t  the 1 5  mM c o n c e n t ra t i o n o f  s u b s t r a t e  

u s e d  i n  t h e  enzyme r e a c t i o n mi x t u r e  wa s 
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P l a t e  9 :  

P la t e  1 0 : 

P o l ya c r y l a m i d e  D i s c Ge l E l e c t r o ph o r e s i s  o f  
P a r t i a l l y P ur i f i e d  H e x o k i na s e  A .  

Aga r o s e  G e l E l e c t r o p h o r e s i s  o f  YRp/HXK 2 - 8  DNA 
and P la s m i d  DNA Ext r a c t e d  f r om £ .  c o l i .  

La n e s  1 - 6 : Lambda : EcoR I ; YRp/HXK 2 - 8 ; 
P l a s m i d  DNA e xt r a c t e d  f r om £ .  c o l i ;  
YRp/HXK 2 - 8  c u t  w i t h  EcoR I ; DNA f r o m £ .  col i 
c u t  w i t h  Eco R I ; l ambd a : Eco R I  





Ta b l e  I X :  K i ne t i c  P r o pe r t i e s o f  H e x o k i na s e  A 

S u b s t r a t e  He x o k i na s e  Act i v i ty *  
Co n c e n t r a t i o n  

( mM )  D - G l u c o s e  D - Fr u c t o s e  

0 . 5  0 . 3 7 0 . 1 2 

1 . 0  0 . 4 4 0 . 2 7 

2 . 5  0 . 4 8 0 . 4 4 

5 . 0  0 . 5 7 0 . 6 2 

1 0 . 0  0 . 5 9 0 . 7 1 

1 5 . 0  0 . 6 0 0 . 7 9 

2 5 . 0  0 . 6 0 0 . 8 9 

Vma x 0 . 6 0 0 . 8 8 

K m 1  0 . 3 6 2 . 2 8 

* �mo l e s  NADP r ed u c e d  m i n- 1 

1 me a n  o f  d u p l i ca t e  e s t i ma t i o n s  

1 1 7  

F / G  R a t i o  

0 . 3 2 / 1 . 0 0 

0 . 6 1 / 1 . 0 0 

0 . 9 2 / 1 . 0 0 

1 . 0 9 / 1 . 0 0 

1 .  2 0 / 1 . 0 0  

1 . 3 2 / 1 . 0 0 

1 . 4 8 / 1 . 0 0 

1 . 5 0 / 1 . 0 0 1  



F i g . 2 5 : 

F i g . 2 6 : 

D o u b l e  Re c i p r oca l P l o t  o f  He xo k i na s e  A .  

0 , D - g l u c o s e ; Ill , D - f r u ct o s e  

I na c t i va t i o n o f  H e x o k i na s e  A b y  D - X y l o s e . 

0 1 - D -xyl o s e ; Ill , 1 0 0  mM D-xyl o s e ; 

A 1 2 5 0  mM D - xyl o s e  
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6 . 3  I na c t i va t i o n by D - Xyl o s e  

I nc u b a t i o n o f  t h e  pa r t i a l l y pur i f i e d e n zyme w i t h  D - xy l o s e  

i n  t he p r e s e nc e  o f  ATP /MgCl 2 r e s u l t e d  i n  a l o s s  o f  

a c t i v i ty . T h e  i na c t i va t i o n o f  hex o k i na s e  A i s  d e p i c t e d  i n  

F i g u r e  2 6 . Whe n  D - xyl o s e  wa s i nc u ba ted wi t h  t h e  e n z yme , a 

g r e a t e r  r a t e  o f  l o s s  o f  a c t i v i ty wa s f o und c ompa r ed t o  a 

c o n t r o l  i n  wh i c h t h e  e n z yme wa s i nc u ba t e d  i n  t h e  

p r e s e nc e  o f  ATP /M g C l 2 a l o n e . I nc u b a t i o n w i t h  2 5 0  mM D -

xyl o s e  gave a s i m i l a r  i nact i vat i o n c o mpa r e d  t o  1 0 0  mM D -

x y l o s e . I na c t i va t i o n a t  b o t h  l e ve l s  o f  D - xyl o s e  wa s n o t  

l i ne a r  w i t h  t i me ; t h e  i nac t i vat i o n r a t e  d e c r e a s e d  d u r i ng 

t he i nc u ba t i o n p e r i od . A f t e r  6 0  m i n i nc u b a t i o n ,  6 0 %  

a n d  6 5 % o f  e n z yme a c t i v i t y wa s l o s t  w i t h  1 0 0  mM a nd 2 5 0  mM 

D - x y l o s e  r e s pe c t i ve l y .  Dur i n g t h i s  p e r i od ,  l e s s  t h a n  1 0 %  

o f  a c t i v i t y wa s l o s t  i n  the c o n t r o l  r e a c t i o n . 

7 .  T R AN S F ORMAT I ON OF PRCHYSO L EN T RNNOPH I L US W I T H  THE 
YRP/HXK 2 - 8  P L AS M I D 

T h e  mut a n t  D / X  A wa s t r a n s f or med w i t h  t h e  Y R p 7  p l a s m i d  

ca r r y i ng t h e  c l o n ed h e x o k i na s e  P I I g e n e  a s  d e s c r i be d  i n  

Ma t e r i a l s & M e t h o d s  8 . 2 .  The f r e q u e n c y  o f  t r a ns f o r ma t i o n 

wa s e s t i ma t e d  t o  be 4 0 - 5 0  trans f o r ma n t s  ( �g DNA ) - �  a f t e r  

e x p o s u r e  t o  L i Cl f o r  2 � /2 hr . M o s t  o f  t he s e  t r a n s f o r ma n t s  

we r e  u n s t a b l e ,  s i nc e  whe n  they we r e  g r o wn o n  Y N B - xy l o s e  

p l a t e s  f o r  4 8  h r  a nd t h e n  r e - i n o c u l a t e d  o n t o  Y N B - g l uc o s e , 

t h e  a b i l i t y t o  g r o w  o n  D - g l u c o s e  had b e e n l o s t . 

A l l t r a ns f o r ma n t s  c o u l d g r o w  on D - f r uc t o s e , D - g l uc o s e  

a nd D-ma n n o s e , g r o wt h  be i n g e v i d e n t a f t e r  3 - 4  d a ys 

i n c u b a t i o n . Gr o w t h  o n  D - f r u c t o s e  wa s s l i gh t l y  f a s t e r  
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t h a n  t h e  gr owth r a t e  o n  D - g l u c o s e  ( F i gu r e  2 7 ) ,  w h i l e 

gr owth o n  D - ma n n o s e  wa s s l owe s t . Gr owth o n  D - xyl o s e  a nd 

u t i l i s a t i o n o f  t h i s  s o l e  car b o n  s o u r c e  ( F i gu r e s  2 7  & 2 8 )  

wa s s i mi l a r  t o  t h e  pa r e nta l D / X  A s t r a i n ,  b u t  ut i l i s a t i o n 

wa s s l o we r  i n  t h e  D - g l u c o s e / D - xy l o s e  m i x t u r e  ( F i g u r e  2 8 ) .  

T wo o f  t h e  uns t a b l e  t r a n s f or ma nts , T l  a nd T 2 , we r e  

a s s a ye d  f o r h e xo k i na s e  a c t i v i ty . S pe c i f i c  a ct i v i t i e s 

w i t h  D - g l uc o s e  a s  t h e  s ub s t r a t e  we r e  0 . 4 4 a nd 0 . 2 3 � mo l e s  

NADP r e d u c e d  m i n- 1  ( mg p r o t e i n ) - 1 , r e s pe c t i ve l y .  T h e  

ce l l - f r e e  e x t r a c t s  f r o m b o t h  t r a n s f o r ma n t s  we r e  

c h r oma t o g r a p h e d  o n  DEAE - c e l l u l o s e . The c hr oma t o g r a p h y  o f  

T 2  i s  s h o wn i n  F i g u r e  2 9 . W i t h  b o t h  s t r a i n s , a s i ng l e  

p e a k  o f  h e x o s e - ph o s p h o r y l a t i ng act i v i t y e l u t e d  a t  a 

c o nd u c t i v i t y o f  1 1 . 7  mS and e x h i b i ted an F / G  r a t i o  o f  

1 . 2 / 1 . 0 .  

P l a s m i d  D N A  wa s e xt r a c t e d  f r o m b o t h  t h e  T I  a nd T 2  

t r a ns f o r ma n t s . T h e  me thod d e s c r i b ed i n  Ma t e r i a l s  & 

Me t ho d s  7 . 2  wa s u s e d  e xc e pt t he ce l l s we r e  s pha e r op l a s t ed 

by r e s us pe ns i o n i n  2 0  ml s p ha e r o p l as t i ng bu f f e r  ( l O O  mM 

Tr i s - HCl , p H  7 . 5 , 5 0  mM EDTA and 1 . 0  M s o r b i t o l ) .  

Cyt o h e l i c a s e  ( P ha r m i nd u s t r i e , R e a c t i f s I B F ,  0 . 3 0 ml ) a nd 

2 -me r ca p t o e t ha n o l ( 7 5 mM ) we r e  added a nd t h e  c e l l s 

i n c u ba t e d  a t  3 0 °C f o r 2 hr , pr i o r t o  r e s u p e n s i o n i n  t he 

S TE T  b u f f e r . Whe n  t h i s  DNA wa s e l e c t r o p h o r e s e d o n  a n  

a ga r o s e  g e l ,  b a n d s  we r e  o bs e r ved , but t h e s e  s h o wed 

d i f f e r e nt mo b i l i t y to the or i g i na l  H XK 2 - 8  p l a s m i d  

i s o l a t e d  f r o m Escher i c h i a  col i .  Howeve r ,  t h e  DNA wa s 

s u c ce s s f u l l y  u s e d  t o  

amp i c i l l i n  r e s i s t a n c e . 

t r a n s f o rm E .  c o l i H B 1 0 1  t o  

A numbe r o f  t r a n s f o r ma n t  c o l o n i e s  



F i g . 2 7 : G r o wt h  o f  T r a n s f o r mant T l  on D - G l u c os e , D - xyl o s e  
( 2 % w/v ) 1 D -G l uc o s e  a nd D - Xyl o s e  ( 2 % : 2 % w/v ) i n  
YNB . 

F i g . 2 8 : 

0 , D - g l  u c o s e ; • , D-xyl o s e ; 

D 1 D - g l u c o s e / D - xy l o s e  ( mi xt u r e ) ;  

Ut i l i s a t i o n o f  D - G l u c o s e , D-Xyl o s e  ( 2 % w/v ) , 
D -G l uc o s e  and D - Xyl o s e  ( 2 % : 2 % w/v ) i n  YNB by 
T r a n s f o r mant T l . 

0 1 D - g l u c o s e ;  • , D - xyl os e ;  

� 1 D - g l u c o s e  ( m i xt u r e ) ;  

• 1 D - xy l o s e  ( m i xt u r e ) 
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F i g . 2 9 : DEAE -Ce l l u l o s e  Chr oma t o g r a p h y  o f  Ce l l -Fr e e  
E x t r a c t  f r om T r a n s f o rma n t  T 2 . 

0 1 D - g l uc o s e - p h o s phoryl a t i o n ;  

• , D - f r uc t o s e - p h o s p h o r y l a t i o n ;  

D 1 C o n d uc t i v i ty 



1 2 2 

� � 0 
���--------------------�---------------------------- CJ 

Lf) ' ' ' ' ' ' 
' ' ' ' 

\ ' 
\ 

' 
\ 

' 
\ 

� 
' 

\ ' 
\ 

' 
\ 

' 
\ 

' 
\ 

' (SJ 
' ' ' ' ' ' ' ' 

\ 
\ ' 

\ 
' 

\ 
\ 

\ 

CJ (Y) . 
0 ::z 
c 
0 

+--' 
� L ' ' 

' 
' ' 

o lL 
N 

\ ' 
\ 

' 
\ ' 
� 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

h;l 
I 
I 
\ 
I 
I 
I 
\ 

� 
I 
I 
\ 
I 
I 

l!J 

0 

�----------------�----------------�-----------------r o 
(Y) 
CJ 

. . 
CJ CJ 

C I W/S + ! Un ) A + ! A ! +J8 6U ! +P I AJO�dso�d-esoxeH 

CJ 
CJ 



1 2 3 

o n  L E/amp i c i l l i n p l a t e s  we r e  obta i ne d  a nd p l a s m i d  DNA wa s 

e xt r a c t e d  f r om o ne c o l on y  p i c k ed at r a nd om .  P la s m i d DNA 

e x h i b i t i n g a s i mi l a r  e l e c t r o p ho r e t i c  mo b i l i t y t o  t h e  

YRp/HXK 2 - 8  p l a s m i d  wa s d e mo n s t r a t e d  ( P l a t e  1 0 ) .  T h i s  

p l a s m i d  a l s o  gave a s i mi l a r  £co R 1  r e s t r i c t i o n pa t te r n  t o  

t he o r i g i na l  p l asm i d ,  w i t h  one l a r g e  a nd o n e  s ma l l  D N A  

f r agme n t  v i s i b l e . 

A s h o r t e r  e xp o s u r e  p e r i od t o  L i C l o f  1 h r  p r o d u c e d  f e we r  

t r a n s f o r ma n t s . A mod i f i ca t i o n o f  t h e  bas i c  me t h o d  a s  

e mp l oyed b y  B r o k e r  ( 1 9 8 7 ) f o r  the t r a n s f o r ma t i o n o f  

S c h i zos accharomyces pombe , p r o d uc e d  n o  t r a ns f o r ma n t s . 

T h i s  p r o c e d u r e  wa s s i mi l a r  t o  that s uc c e s s f u l l y  u s e d  i n  

t h i s  s t ud y  b u t  w i t h  s e ve r a l  d i f f e r e nc e s . T h e  c e l l s we r e  

gr own i n  Y N B - xy l o s e  and r e s us pe nd e d  i n  t h e  L i C l  b u f f e r  a t  

1 0 9  c e l l s ml - L , tr ea ted w i t h 0 . 1  M L i Cl f o r 1 h r , h e a t  

s h o c k e d  at 4 2 °C f o r 1 5  mi n f o l l ow i n g t h e  t r a n s f o r ma t i o n 

p r o c e d u r e  a nd t h e n  d i r e c t l y p l a t e d  o n t o  Y N B - g l u c o s e . 

8 .  CONVER S I ON OF GLUCO S E  TO FRUCTOSE 

8 . 1  G r o wt h  of s t ra i n s o n  S o r b i t o l  

W i l d  type and muta nt s t r a i n s o f  P .  tan n o p h i l as a nd t wo S .  

cere v i s i ae s t r a i n s we r e  c h e c k ed f o r  g r o wth o n  D - s o r b i t o l  

u s i ng t h e  me t h o d s  d e s c r i bed i n  Ma t e r i a l s  & M e t h o d s  2 . 2 .  

T h e  r e s u l t s  a r e  s h o wn i n  Ta b l e  X .  Ne i t he r o f  t h e  t wo S .  

cere v i s i ae s t r a i ns we r e  a b l e  t o  g r o w  o n  D - s or b i t o l ,  

wh e r e a s  b o t h  w i l d  type P .  tan n op h i l as s t ra i n s gr e w  we l l . 

C o mme n c e me n t  o f  gr owt h wa s s l ow i n i t i a l l y  a nd o n l y  b e came 

a p pa r e n t a f t e r  2 - 3  days i n c u bat i o n . T h i s  ' l a g  pha s e ' wa s 
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Ta b l e  X :  Gr owt h o f  S .  cere v i s i ae and P .  tan n oph i l � s  S t r a i ns 
o n  D - S o r b i t o l  a nd Othe r Ca r bo hyd r a t e s  

S t r a i n/ 
G e n otype 

Ca r b o h yd r a t e  

D-Xyl o s e  D - G l u c o s e  D -Fr u c t o s e  S o r b i t o l  

Saccharomyces cere v i s i a e  

C 6 3 1 - 8 A  WT 

S 2 8 8 C WT 

Pachyso l en tan n oph i l �s 

P 4 4 4 - 3 D  WT + + +  

2 5 3 0  WT + + +  

P 5 1 0 - 5A g l � l  + + +  

P 5 0 9 - 3 C  hx k 2  + + +  

P 5 0 9 - 1 B  hx k 2  g l � l  + + +  

P 5 0 9 - 1 B  tf 6 hx k l  h x k 2  + + +  
g l � l  fr� 

D/X A hx k l  hx k 2  g l u. l + + +  

F / G  2 h x k l  hx k 2  g l u. l  y + + +  

P 5 2 - 1 C  .x:y l 2 - l  m e t2-1 

Gr owth r e c o r d e d  on s o l i d  med i a  
a f t e r  9 6  hr i nc u b a t i o n  a t  3 0 °C 

+ + +  G o od gr o w t h  

+ +  Mod e r a t e  g r o wt h  

+ P o or gr owth 

No gr owt h  

+ + +  + + +  

+ + +  + + +  

+ + +  + + +  + + +  

+ + +  + + +  + + +  

+ + +  + + +  + + +  

+ +  + + +  + +  

+ + +  

+ + +  + + +  + 
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s l i g h t l y  l o n g e r i f  the c e l l s we r e  p r e - c u l t u r e d  on Y N B ­

g l yc e r o l  i ns t e ad o f  Y N B - xy l o s e  p r i o r t o  r e p l i ca - p l a t i ng 

o n t o  Y N B - s o r b i t o l  p l a t e s . Al l o f  the mutant s t r a i n s , w i t h  

t he e xc e pt i o n o f  P 5 1 0 - 5 A gr e w  mo r e  s l ow l y  o n  D - s o r b i t o l  

c ompa r ed t o  t h e  wi ld type s t ra i ns , P 4 4 4 - 3 D a nd 2 5 3 0 . 

S t r a i ns P 5 0 9 - 1 B  a nd P 5 0 9 - 3 C  s h owed s o me r e d u c t i o n o f  

g r o wt h ,  wh i l e s t r a i n s P 5 0 9 - 1 B  � 6 ,  and D/X A and F/G 2 we r e  

c omp l e t e l y  n e ga t i ve f o r g r o wt h  o n  D - s o r b i t o l . S t r a i n  

P 5 2 - 1 C ,  d e f e c t i ve i n  xyl i t o l  d e hyd r og e na s e , g r e w  o n l y  ve r y  

s l o w l y  o n  t h i s  c a r b o n  s o u r c e . Gr owt h  o f  t h i s  s t r a i n  a nd 

t h e  t wo S .  cere v i s i a e  s t ra i ns o n  D - x y1 o s e  wa s n e ga t i ve . 

8 . 2  Conve r s i o n o f  G l u c o s e  by c e l l - f r e e E x t r a c t s  

T h e  a c t i v i t i e s  o f  xyl o s e  r e d u c t a s e  a nd xyl i t o l  

d e h yd r og e na s e  i n  a c e l l - f r e e  e x t r a c t  p r e pa r e d  f r om t h e  

w i ld type s t r a i n ,  P 4 4 4 - 3 D ,  we r e  me a s u r e d  u s i ng D -g l u c o s e  

a nd D - s o r b i t o l  r e s pe c t i ve ly a s  s u b s t r a t e s .  Whe n  D - g l u c o s e  

wa s s u bs t i t u t e d  f o r  D - xy l o s e  i n  t h e  x y l o s e  r ed u c ta s e  

a s s a y ,  t h e  a c t i v i ty w i t h  NADPH a s  c o f a c t o r  wa s 

a p p r o x i ma t e l y  6 %  o f  t h e  a c t i v i t y wh i c h  wa s me a s u r e d  u s i n g 

D - x y l o s e  a s  t h e  s u b s t r a t e  ( 0 . 2 6 and 0 . 0 1 6  pmo l e s  N AD P H  

o x i d i s e d  m i n - 1  ( mg p r o t e i n ) - 1 ,  r e s pe c t i ve l y ) . No NAD H ­

d e pe nd e nt a c t i v i t y wa s me a s u r e d  w i t h  D - g l uc o s e  a s  a 

s u b s t r a t e . Wh e n  NADH wa s s u b s t i t u t e d  a s  t h e  c o fac t o r  i n  

t h e  r ea c t i o n m i x t u r e , t h e  act i v i t y w i t h  D - x y l o s e  wa s o n l y  

4 %  o f  t ha t  o b ta i n e d  us i ng NADP H as t h e  c o f a c t o r . Wh e n  D ­

s o r b i t o l  wa s s u b s t i t u t e d  f o r xyl i t o l  i n  t h e  x y l i t o l  

d e hyd r o g e nas e a s s a y ,  t h e  a c t i v i t y wa s 7 1 %  o f  that me a s u r e d 

w i t h  xyl i t o l  as t h e  s u b s t r a t e  ( 0 . 2 4 a nd 0 . 1 7 pmo l e s  NAD 
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r e d u c e d  m i n- 1 ( mg p r o t e i n ) - 1 f o r  x y l i t o l  and D - s o r b i t o l , 

r e s pe c t i ve l y ) .  

P l a t e s  1 1  - 1 4  s h o w  HPLC chr omat o g r a p h s  o f  t h e  r e a c t i o n 

m i xt u r e s  a t  0 t i me a nd 2 4  h r , s e t  up a s  d e s c r i be d  i n  

Ma t e r i a l s  & M e t h o d s  9 . 1 .  Whe n  NAD P H  wa s p r e s e n t  i n  t h e  

r e a c t i o n m i x t u r e ,  a s ma l l  amo u n t  o f  D - s o r b i t o l  a nd D ­

f r uc t o s e  wa s d e t e c t e d  a f t e r  a 2 4  h r  i nc u b a t i on p e r i od 

( P l a t e  1 1 ) . M o r e  D - s o r b i t o l  wa s p r e s e n t  t ha n  D - f r uc t o s e . 

Whe n  b o t h  NADPH a nd N AD we r e  pr e s e nt , o n l y  a s ma l l  amount 

o f  D - s o r b i t o l  a nd n o D - f r uc t o s e  wa s d e t e c t e d  ( P l a t e  1 2 ) .  

N o  c o nve r s i o n o f  D - g l u c o s e  t o  e i t h e r  D - f r uc t o s e  o r  D ­

s o r b i t o l  o c c u r r e d  i n  c o n t r o l  mi xtu r e s  wh i c h  l a c k e d  e i t he r 

t h e  c o fa c t o r s  o r  t he c e l l - f r e e  e x t r a c t . N o  f u r t h e r  

c o nve r s i o n o f  D - g l u c o s e  t o  e i th e r  D - s o r b i t o l  o r  D - f r uc t o s e  

wa s d e mo n s t r a t e d  i n  e x t r a c t s  i nc u b a t e d  f o r  4 8  h r . 

D - S o r b i t o l  wa s r ead i l y c o n ve r t e d  t o  D - f r u c t o s e  whe n  NAD 

wa s p r e s e nt a s  t h e  c o f a c t o r  ( P l a t e  1 3 ) .  M o r e  t ha n  5 0 %  o f  

t h e  D -s o r b i t o l  had be e n  c o n ve r t e d  t o  D - f r u c t o s e  a f t e r  

e i t h e r  a 2 4  h r  o r  4 8  h r  i ncubat i o n . N o  c o nv e r s i o n wa s 

f o und i n  c o n t r o l  m i x t u r e s  wh i c h  l a c k e d  e i t h e r  c o f a c t o r  o r  

c e l l - f r e e  e xt r a c t . 

As a n  add i t i ona l c o n t r o l ,  the r e d u c t i o n o f  D - xyl o s e  t o  

xyl i t o l  wa s d e mo ns t r a t e d . D-Xyl o s e  wa s r e ad i l y c o nve r ted 

to xyl i t o l  i n  a r e a ct i o n mi x t u r e  wh i c h c o nta i ne d  NADP H a nd 

t h e  c e l l - f r e e  e x t r a c t  ( P la t e  1 4 ) .  Af t e r  2 4  h r , mo r e  t han 

5 0 %  of  t h e  D - xyl o s e  had been c o nve r t e d  to D - x y l i t o l . 

T h e  i d e n t i t y o f  the e nd - pr odu cts o f  t h e s e  c o nve r s i o n s  wa s 

c o n f i r me d  by i d e nt i f i ca t i o n w i t h HP L C . As a f u r t h e r  c he c k  
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P l a t e  1 1 : HPLC C h r o ma t o gr a ph : Conve r s i o n o f  D - G l u c o s e  
t o  D - S or b i t o l  a nd D-Fr u c t o s e  by Ce l l - F r e e  
E x t r a c t  Fr o m  D / X  A ( NADPH ) .  

A ,  0 t i me 

D - G l uc o s e , 

B ,  2 4  h r  

D - G l uc o s e , 
D - F r u c t o s e ,  
D - S o r b i t o l ,  

7 . 2 1 7  

7 . 2 0 8  
7 . 7 6 7  
8 . 2 3 3  



A 

5 . 1 :3 �3 

B 



1 2 8 

P l a t e  1 2 : H P L C  Chr oma t o gr a p h : Conve r s i on o f  D - G l u c o s e  
t o  D - S o r b i t o l  b y  Ce l l -F r e e  E x t r a c t  Fr om D / X  A 
( NADPH and N AD ) . 

A ,  0 t i me 

D - G l u c o s e ,  7 . 2 2 5  

B ,  2 4  hr 

D - G l u c o s e ,  
D - S o r b i t o l ,  

7 . 2 1 7  
8 . 2 4 2  



A 

5 .  2 

? . 2 2 5  

B 

5 .  2 

7 .  2 1 7  
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P l a t e  1 3 : HPLC C h r o ma t o g r a p h : Conve r s i o n o f  D - S o r b i t o l  
t o  D - F r uc t o s e  b y  Ce l l -Fr e e  E x t r a c t  f r om D / X  A 
( NAD } • 

A ,  0 t i me 

D - S or b i t o l ,  

B ,  2 4  hr 

D -Fr uc t o s e ,  
D - S o r b i t o l ,  

8 . 2 4 2  

7 . 7 9 2  
8 . 2 3 3  



6 . 6 7 5  

�S==8.:::. 2 Tl · 7 '3 2 

5 .  1 ::: :::: 

5 .  l 9 2  
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P l a t e  1 4 : HPLC C h r o ma t o g r a p h : Conve r s i o n o f  D - Xy l o s e  
t o  X y l i t o l  b y  Ce l l -F r e e  Ext r a c t  Fr om D / X  A 
( NADP H ) . 

A,  0 t i me 

D - X y l o s e , 

B ,  2 4  h r  

D - X yl o s e ,  
Xyl i t o l ,  

7 . 7 5 8  

7 . 7 5 8  
8 . 9 6 7  



A 

5 .  1 8 3 

B 

� i � _1 • •  -
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on t he i d e nt i t i e s ,  t h e  r e t e n t i on t i me s  o f  t h e s e  e nd -

p r od u c t s  we r e  c ompa r e d  t o  r e t e n t i o n  t i me s  o f  k no wn 

s t a n d a r d s  ( Ta b l e  X I ) .  The r e t e nt i o n t i me s  i n  

c h r oma t o gr a p h s  

f r u c t o s e  wa s 

s h o wn i n  p l a t e s  

7 . 7 9 2  a nd 7 . 7 6 7 ;  

1 1 - 1 4  o f  t e n t a t i ve 

D - s o r b i t o l ,  8 . 2 3 3  

t he 

D -

a nd 

8 . 2 4 2  a nd xyl i t o l , 8 . 9 6 7 . The s e  va l u e s  we r e  s i mi l a r  t o  

t he r e t e n t i o n t i me s  g i v e n  i n  Ta b l e  X I . 

9 .  GENET I C  I MP ROVEMENT OF P ,  T RNNOPH I L US 

9 . 1  H e x o s e -Negat i ve Muta n t s  

Muta n t s  e x h i b i t i ng d i f f e r e n t  gr owth r a t e s  o n  D - f r u c t o s e  

we r e  o b t a i ne d  f o l l ow i ng U V  mutage n e s i s  o f  s t r a i n  P 5 0 9 - 1 B ,  

a s  d e s c r i be d  i n  Ma t e r i a l s  & M e t h od s 1 1 . 1 .  Two o f  t h e s e  

muta n t s  g r e w  mo r e  s l ow l y  o n  D- f r u c t o s e ;  P 5 0 9 - 1 B  # 6 wa s 

c o mp l e te l y  n e ga t i ve f o r  gr owth o n  D - f r uc t o s e , wh i l e P 5 0 9 -

1 B  # 1 2  g r e w  v e r y  s l owly o n  t h i s  car b o n  s o u r c e . A t h i r d 

mu t a n t  ( P 5 0 9 - 1 B  # 2 2 ) g r e w  mo r e  ra p i d l y o n  D - f r u c t o s e  

c o mpa r e d  t o  P 5 0 9 - 1 B . O n l y  t h e  P 5 0 9 - 1 B  # 6  s t r a i n  wa s 

i n ve s t i ga t ed f u r t h e r  i n  th i s  s t udy . 

Two i nd e p e n d e n t  i s o l a t e s  ( d e s i g nated D / X  A and D / X  B )  we r e  

o b ta i n ed wh e n  P 5 0 9 - 1 B  wa s c u l t u r e d  i n  YNB-xy l o s e  ( 2 % 

w/ v ) s u p p l e me nt e d  w i t h  4 0  mM 2 -d e oxyg l u c o s e  a s  d e s c r i be d  

i n  Ma te r i a l s & M e t h o d s  1 1 . 2 .  B o t h  s t ra i ns i s o l a t e d  

b e haved i d e nt i ca l l y  

g l uc o s e /x yl o s e . The 

when i n o c u l a t e d  

D / X  A s t ra i n  wa s u s e d  

s t ud i e s  and ha s b e e n  d e s c r i bed i n  t h i s  t h e s i s . 

i n t o  Y N B -

i n  f u r t he r  

A h e x o s e - n e ga t i ve muta nt c a pa b l e  o f  c omp l e t e ut i l i s a t i o n 

o f  D - xy l o s e  i n  t h e  pr e s e nce o f  D - g l u c o s e  wa s s e l e ct e d  by 
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Ta b l e  X I : R e te nt i on T i me s  o f  S u ga r s  a nd S ug a r  Al c o h o l s  
o n  t h e  B i o -Rad Ami ne x  HP X - 8 7 H  C o l umn 

Comp o und 

D - G l u c o s e  

D - F r u c t o s e  

D - Xyl o s e  

D - S o r b i t o l  

Xyl i t o l  

R e t e n t i o n t i me s  a r e  
f r om 4 - 6  i nd e p e nd e n t  
d e v i a t i o n 

R e t e nt i o n T i me 

( mi ns ) 

7 . 2 2 + I - 0 . 0 2 

7 . 7 9 +/ - 0 . 0 3 

7 . 7 6 + I - 0 . 0 1 

8 . 2 4 + I - 0 . 0 2 

8 . 9 5 + I - 0 . 0 2 

s t a t e d  a s  t h e  ave r a g e  
c h r o ma t o g r a ph s , + / - s ta nd a r d  
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u s e  o f  t h e  s e l e c t i o n s c h e me d e s c r i be d  i n  Ma t e r i a l s  & 

M e t h o d s  1 2 . 1 .  T h e  r a t i o na l e  be h i nd a d o p t i ng t h i s  

s e l e c t i o n s c h e me , wa s b a s e d  o n  t h e  o b s e r va t i o n t h a t  w he n  

b o t h  P 5 0 9 - 1 B  and D / X  A we r e  pr e - c u l t u r e d  o n  g l yc e r o l , t h e  

i n i t i a l  gr o wt h  r a t e  u p o n  t r a n s f e r r a l o nt o  Y N B -

g l uc o s e / xyl o s e  wa s s l o we r  t han t h e  c o r r e s p o nd i ng g r o wt h  

r a t e  o n  YNB-xyl o s e . By s e l e ct i ng f o r  a mo r e  r a p i d  g r o wt h  

o n  YN B - g l u c o s e / x y l o s e , i t  wa s h o p e d  t h a t  a s t r a i n  n o  

l o n g e r  s u b j e c t  t o  D - x y l o s e  i nh i b i t i o n b y  D - g l u c o s e  w o u l d  

b e  i s o l a t e d . A t o t a l  o f  s i x s t ra i n s t h a t  g r e w  f a s t e r o n  

Y NB - g l u c o s e / xy l o s e  p l a t e s  t han t h e  D / X  A s t r a i n  we r e  

i s o l a t e d  a nd s u b j e c t e d  t o  s c r e e n i ng t r i a l s  i n  YEP -

g l u c o s e / xyl o s e . O f  t h e s e  s i x  s t r a i ns ,  o n l y  two s h o we d  

p r om i s i ng r e s u l t s . T he s e  we re de s i g na t e d  F I G  1 a nd F / G  2 .  

O n l y  t h e  l a t t e r  s t r a i n  wa s s u f f i c i e n t l y  b e t t e r  t ha n  t h e  

D / X  A t o  wa r r a n t  u s e  i n  f e rme n ta t i o n t r i a l s . T h e  

b e h a v i o u r  o f  t h i s  s t r a i n  i n  YNB-g l u c o s e / xy l o s e  i s  s h ow n  i n  

F i gu r e  3 0 . D - G l u c o s e  ut i l i s a t i o n wa s m i n i ma l ,  b u t  D-

xy l o s e  u t i l i s a t i o n wa s s t i l l i n h i b i t e d  a nd c e a s e d  a f t e r  4 8  

h r . H o we ve r , comp l e t e  u t i l i s a t i o n o f  D - xyl o s e  o c c u r r e d  i n  

YEP - g l uc o s e / xyl o s e  me d i um ( F i g ur e 3 2 ) .  

Two e t ha n o l - n e ga t i ve d e r i va t i ve s  o f  F/G 2 we r e  o b ta i n e d  by 

UV mu t a g e n e s i s  and s e l e c t i o n f o r a b s e nce o f  gr o wt h  on Y N B ­

e t ha n o l  p l a t e s  ( Ma t e r i a l s  & Me t h o d s  1 2 . 2 ) . T h e s e  s t r a i n s ,  

d e s i g n a t e d  F/G 2 # 2 4  a nd FIG 2 # 3 0 ,  g r e w  o n  D - xy l o s e  a t  a 

s i m i l a r  

r e d uc e d . 

r a t e  to FIG 2 but g r o wt h  o n  e t ha n o l  wa s 

T h e  f o rme r  s t r a i n  wa s i n c l ud e d  

gr e a t l y  

i n  t h e  

f e r me n t a t i o n e x p e r i me n ts d e s c r i bed i n  R e s u l t s  S e c t i o n 1 0 . 



F i g . 3 0 : T i me Cour s e  o f  S t ra i n  F/G 2 i n  YNB - g l u c o s e /  
xyl o s e  ( 2 % : 2 % w/ v ) . 

0 , D - g l u c o s e ;  B ,  D - xyl o s e ; 

• , D - f r u c t o s e ;  lA ,  e t ha n o l ;  

.6. , gr owth 
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9 . 2  Hyb r i d i s a t i o n o f  t h e  E th 2 - 1  S t r a i n  w i t h  N03 -N03 - 4  

T a b l e  X I I s umma r i s e s  t h e  c r o s s  b e t we e n  t h e  e th 2 - 1  s t r a i n  

a nd 

2 - 1  

t h e  b a c k c r o s s e s  b e t we e n  s e g r e g a n t s  c a r r y i n g t h e  e th 

g e n e  w i t h  t h e  mut a n t  N03 -N03 - 4 . A f t e r  t h r e e  

ba c k c r o s s e s , a t o ta l o f  8 e th 2 - 1  s e g r e ga n t s  ( P 7 2 7 ) ,  

w i t h o u t  a u x o t r o p h i c  ma r k e r s , we r e  i s o l a t e d . T h e s e  s t r a i n s 

we r e  s ub j e c t e d  t o  f e r me n ta t i o n t r i a l s  a t  t h e  F o r e s t  

R e s e a r c h  I ns t i t u t e , i n  b o t h  s yn t h e t i c D - x yl o s e  med i a  a nd 

i n  w o o d  h yd r o l ys a t e s . S ome o f  t h e s e  r e s u l t s a r e  p r e s e n t e d  

i n  t h e  pa p e r  i n  t h e  Appe nd i x . 

1 0 . FERMENTAT I ON TR I AL S  

S e ve r a l  h e x o s e - n e ga t i ve mu t a n t s  we r e  s u b j e c t e d  t o  

f e r me n t a t i o n t r i a l s  emp l o y i n g ' s e m i -a e r o b i c ' ,  b a t c h  

3 . 1 ) . f e r me n t a t i o n c o nd i t i o ns ( Mat e r i a l s & M e t h o d s  

F e r me n ta t i o n s  we r e  ca r r i e d o u t  i n  b o t h  YNB a nd Y E P  med i a  

i n  d u p l i ca t e  c u l t ur e s . Ma x i mum e t ha n o l  c o n c e n t r a t i o n s  i n  

t h e  me d i a  ( g  l - 1 ) a nd y i e l d s  ( g  e t ha n o l pr o d u c e d  ( g  D ­

xy l o s e  o r  s uga r c o n s ume d ) - 1  we r e  ave r a g e d  a n d  r e p o r t e d  i n  

T a b l e  X I I I .  F i g u r e s  3 1  & 3 2  s h o w  t h e  t i me c o u r s e  o f  t h e  

f e r me nt a t i o n s  o f  D - g l u c o s e / D - xy l o s e  by w i l d  type , P 4 4 4 - 3 D 

a nd F I G  2 ,  r e s p e c t ive l y . 

S t r a i n s D / X  A a n d  F/G 2 a c c umu l a t e d mo r e  e t han o l  a nd gave 

h i g h e r  y i e l d s  t ha n  the w i l d  type s t r a i n  on b o t h  YN B - x y l o s e  

a nd YEP - xy l o s e . B o t h  t h e  w i ld t ype s t r a i n  an d t h e  mu t a n t s  

p r o d u c e d  

t h e  YEP 

h i g h e r c o n c e n t r a t i o ns a nd y i e l d s  o f  e t ha n o l  i n  

me d i um c ompa r e d  t o  t h e  Y N B  med i u m .  H i g h e r  

e t ha n o l  c o n c e n t r a t i o ns a nd y i e l d s  we r e  pr o d u c e d by mu t a n t s  
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Ta b l e  X I I :  S umma r y  o f  Cr o s s e s  B e t we e n  t h e  e th 2 - 1  S t r a i n  
and NO:=�-N0:=� - 4  

Cr o s s /  
Ba c k c r o s s  

Pa r e n t a l  S t ra i ns 

C r os s 1 NO:=� -N0:=� - 4  l ys x P 4 4 6 - 2 7 A e th 2 - l  ade1 

1 

2 

3 

1 I n i t i a l  cr o s s  p e r f o r med by Al l e n  Jame s 

D i p l o i d 

P 5 8 P � 

2 S e g r e ga t i o n o f  t h e  a u x o t r o ph i c  ma r k e r s  a nd gr owth 
o n  e tha n o l  wa s 2 : 2  
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Ta b l e  X I I I : Max i mum Et ha n o l  C o n c e n t r a t i o ns a nd Y i e ld s  f r om 
t h e  Fe r me n tat i o n  o f  YNB a nd YEP -Xy l o s e  a nd YNB 
and YEP - G l u c o s e /Xyl o s e  

S t r a i n  Ma x i mum E t ha n o l  C o n e . ( g  l - 1 ) /  
Y i e l d ( g  ( g  D - xyl o s e  c o ns ume d ) - 1 ) 

D - Xyl o s e  D - G l u c o s e / D -Xyl o s e  

YNB 

g 1- 1 g g- 1 

P 4 4 4 - 3 D  1 . 1 0 0 . 0 5 4  

P 5 0 9 - 1 B  0 . 8 7 0 . 0 4 9  

D / X  A 1 .  6 0  0 . 1 0 

F / G  2 2 . 8 0 0 . 1 4 

F / G  2 # 2 4  N D  N D  

N D  n o t  d e te r mi n e d  

1 n o ne d e t e c t e d  
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1 .  9 0  0 . 1 1 N D  N D  4 . 2 0 
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0 1  
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D I X  A a n d  F I G  2 o n  YEP -xyl o s e , c o mp a r e d  t o  t h e  w i ld t ype 

s t r a i n  ( 3 . 4 0 g l - 1 , 0 . 2 2 g g- 1 ;  4 . 7 0 g l - 1 , 0 . 2 5 g g- 1 

c o mpa r ed t o  3 . 0 0 g 1 - 1  a nd 0 . 1 7 g g - 1 ) .  F o r  s t r a i ns D I X  A 

a nd F I G  2 ,  t h i s  wa s 4 3 %  and 5 1 %  o f  t h e  t h e or e t i ca l  ma x i mum 

e t ha n o l  y i e l d . T h e s e  va l ue s  compa r e d  f a vo u r a b l y  t o  the 

w i l d  type , wh i ch gave 3 1% of  t h e  t h e o r e t i ca l  ma x i mum . 

S t r a i n  F I G  2 # 2 4  a c c umu l a t e d  c o n s i d e r a b l y  l e s s  e t h a n o l  

a t  a l owe r y i e l d t h a n  t h e  wi ld type o r  t h e  F I G  2 s t r a i n  

d ur i ng t h e  f e r me nta t i o n o f  D - xyl o s e  i n  YEP med i a . 

S t r a i n  P 5 0 9 - 1 B  p r o d u c e d  g r e a t e r  a mo u n t s  o f  e t h a n o l  

c o mpa r e d t o  t h e  w i ld type s t r a i n  o n  t h e  YNB - g l uc o s e l x y l o s e  

m i xt u r e  ( 6 . 6 2 g 1 - 1  c ompa r e d  t o  3 . 6 0 g 1 - 1 ) . T h e  e t ha n o l  

y i e l d wa s a l s o  s l i g ht l y  g r e a t e r  ( 0 . 1 9 g g - 1  c ompa r e d  t o  

0 . 1 7 g g - 1 ) . T h e  ma x i mum c o n c e n t r a t i o n a n d  y i e l d o f  

e t ha n o l  b y  t h e  mu ta n t s , DIX A ,  F I G  2 a nd F I G  2 # 2 4  we r e  

l owe r t ha n  t h e  w i l d  type f o r  the f e r me n t a t i o n o f  the D ­

g l uc o s e i D - x y l o s e  m i x t u r e . N o  e t ha n o l  wa s p r od uc e d  by 

s t r a i n  D I X  A d u r i ng t h e  f e r me ntat i o n o f  D - g l u c o s e  a nd D­

xyl o s e  i n  e i t h e r  YNB o r  YEP med i a . T h i s  c o r r e l a t e d  w i t h  

t h e  i nc o mp l e t e  u t i l i s a t i o n o f  t h e  D - xy l o s e , whe n  D - g l u c o s e  

wa s p r e s e n t . T h e  mu tant FIG 2 p r o d u c e d  l i t t l e  e t h a n o l  

f r om t h e  f e r me nta t i o n o f  D - g l u c o s e  a nd D - xy l o s e  i n  YNB 

( F i g u r e  3 0 ) but g r e a t e r  y i e l d s  we r e  o b ta i ne d  i n  the YEP 

me d i a  ( F i g u r e  3 2 ) .  A ma x i mum e t ha n o l  c o n c e n t r a t i o n a nd 

y i e l d o f  4 . 1 0 g 1 - 1  a nd 0 . 1 9 g g- 1 r e s pe c t i v e l y ,  wa s 

o b t a i ne d  ( Ta b l e  X I I I ) .  At the p o i nt o f  ma x i mum e t ha n o l  

c o n c e n t r a t i o n ,  o n l y  3 . 0  g l - 1  D-g l uc o s e  had b e e n  c o ns umed , 

2 . 2  g l - 1  a c c o u n t e d  f o r  by t he c o nve r s i o n  t o  D - f r u c t o s e  

( F i g u r e  3 2 ) . 



F i g . 3 1 : Fe r me n ta t i on o f  D - G l u c o s e  a nd D - Xyl o s e  ( 2 % : 2 % 
w/v }  i n  YEP Med i um by W i ld Type S t r a i n ,  P 4 4 4 - 3 D . 

0 , D -g l uc o s e ; • , D - xy l o s e ; 1 ,  xyl i t o l ;  

A , e t h a n o l ;  � ,  gr owth 
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F i g .  3 2 : Fe r me nt a t i o n o f  D - G l u c o s e  and D - Xy l o s e  ( 2 % : 2 % 
w/v )  i n  YEP Med i um by S t ra i n  F / G  2 .  

0 , D - g l uc o s e ; 11 , D - xy l o s e ; 

• ,  D - f r uc t o s e ; .A. ,  e t ha n o l ;  t::,. , g r o wt h  
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S t r a i n  F / G  2 # 2 4  wa s ma r g i na l l y  b e t t e r  t h e n  F / G  2 ,  w i t h  a 

ma x i mum c o n c e n t r a t i o n and y i e l d o f  4 . 2 0 g 1 - 1 and 0 . 2 0 g 

g - 1 ,  r e s pe c t i ve l y ( Ta b l e  X I I I ) .  

X y l i t o l  a c c umu l a t i o n wa s a l s o  me a s u r e d d u r i ng t h e  

f e r me n ta t i o n  o f  D- xyl o s e  and D - g l u c o s e / D - xyl o s e . T h e  wi ld 

type p r o d u c e d  mo r e  xyl i t o l  t h a n  the D/X A and F/G 2 

mu t a n t s  i n  YNB -xy l o s e  ( ma x imum c o nc e n t r a t i o n s  o f  xyl i t o l  

we r e  4 . 4 0 ,  3 . 3 3 and 2 . 6 0 g l - 1  f o r  t h e s e  s t r a i ns ,  

r e s pe c t i v e ly ) .  

by t h e mutants 

T h e  l o we r  amo u n t s  of  xyl i t o l a c c umu l a t e d 

c o r r e l a t e d  w i t h  t h e  i mp r o v e d  e t h a n o l  

p r od u c t i o n and y i e l d s . A s i mi l a r  t r e nd wa s f o u nd wi t h  

t h e  YEP - xy l o s e  me d i a . Ma x i mum xyl i t o l  a c c umu l at i o n wa s 

1 . 6 0 and 0 . 9 5  g 1 - 1  f o r  the wi l d  t ype a nd F I G  2 s t r a i n s 

r e s pe c t i ve l y .  D u r i ng t h e  f e r me nta t i o n o f  YEP -

g l uc o s e / x yl o s e , t h e  w i ld type p r od uc e d  0 . 5 5 g l - 1 , wh i l e 

F / G  2 p r o d u c e d  o n l y  0 . 0 1 5  g l - 1 • 



D I S CUS S I ON 

1 .  GROWTH CHARACTER I S T I CS ,  EN Z YME ACT I VI T I ES AND 
R ES I S TANCE TO 2 - DEOXYGLUCO S E  OF M UTANTS 

1 4 2  

A n umbe r o f  mutants o f  Pachyso l en t. a n n oph i l as have b e e n  

i s o la t e d  b y  Al l e n  Jame s  a nd dur i ng t h i s  s tudy b y  s e l e ct i ng 

f o r  r e s i s ta n c e  t o  2 -d e oxyg l uc o s e  a nd mut a g e n e s i s  w i t h  UV 

l i gh t . S e v e r a l  o f  the s e  mut a n t s  we r e  c ha r a ct e r i s e d  by 

t h e i r  g r o wth o n  d i f f e r e n t c a r b o n  s o u r ce s , r e s i s ta n c e  to 2 -

d e o xyg l uc o s e  and t h e i r  h e xo s e -ATP - k i na s e  a ct i v i t i e s . Al l 

t h e s e  mut a n t s , w i t h  t h e  e xc e pt i o n o f  s t ra i n  P 5 1 0 - 5A ,  we r e  

p h e n o t yp i ca l l y d i f f e r e nt i n  gr o wt h  c ompa r e d  t o  t he w i ld 

type s t r a i n ,  P 4 4 4 - 3 D . 

Ge ne t i c  a na l ys e s  c ond u c t e d  by Al l e n  Jame s ,  s ug g e s t ed t hat 

t h e  s e g r e ga n t s , P 5 1 0 - 5 A  and P 5 0 9 - 3 C ,  we r e  each d e f e c t i ve a t  

o n e  i nd e pe nd e nt l o cus , wh i l e s t r a i n  P 5 0 9 - 1 B  wa s d �f e c t i ve 

a t  two i nd e p e n d e n t  l o c i . The l a t t e r  s t r a i n  wa s n e ga t i ve 

f o r  g r o wt h  o n  D - g l u c o s e  a nd i n i t i a l l y i t  wa s t h o ught t o  be 

u n a b l e  to g r o wn o n  D - f r u c t o s e  a s  we l l . I n  t h i s  s t u d y ,  a 

f u r t h e r  muta t i o n d e s i gnated as h x k l  wa s i nt r o d u c e d  i n t o  

P 5 0 9 - 1 B  a nd t h e  r e s u l tant mu tant , D / X  A ,  wa s p h e n o typ i ca l l y 

d i f f e r e nt f r om t h e  P 5 0 9 - 1 B  s t ra i n . T h e  D / X  A s t r a i n  wa s 

u n a b l e  t o  g r o w  o n  b o t h  D - g l u c o s e  a nd D - f r uc t o s e . 

Whe n  s t r a i ns o f  Saccharomyces cerev i s i a e , ca r r y i ng o n e  

h e x o s e - p h o s p h o r y l at i ng e n zyme , we r e  s u b j e c t e d  t o  t h e  

s e l e c t i ve pr e s s u r e  o f  2 -d e oxyg l uc o s e , t h e  ma j or i t y  o f  

r e s i s ta n t  mu tants we r e  d e f e c t i ve i n  t ha t  e n z yme ( L o b o  & 

Ma i t ra , 1 9 7 7 a ) . The r e s i s ta n c e  t o  2 -d e o x yg l u c o s e , 
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c o n f e r r ed o n  t h e  g l uc o s e - n e gat i ve mut a n t s  i s o l a t e d  b y  

Al l e n  Jame s ,  wa s p r e s umed t o  b e  t h e  c o ns e q u e n c e  o f  

mut a t i o n s  o c c ur r i ng w i t h i n  t h e  g e n e s  c od i ng f o r  o r  

r e g u l a t i ng t h e  h e xo s e -ph o s ph o r yla t i ng e n z yme s . 

t h i s  s t udy have c o n f i r med t h i s  t o  b e  c o r r e c t . 

R e s u l ts i n  

S t r a i ns P 5 1 0 - 5A a nd P 5 0 9 - 3 C ,  pr e s ume d  t o  b e  d e f e c t i ve i n  

o n e  h e x o s e - p h o s ph o r yl a t i ng e n z yme , i n  g e n e r a l  e xh i b i t e d  

l i t t l e  o r  n o  r ed uc t i o n o f  g r o wt h  o r  s ug a r  ut i l i s a t i o n  o n  

t he t h r e e  h e x o s e  s u ga r s  t e s t e d  ( Ta b l e  I V  a nd R e s u l t s  

S e c t i o n 2 . 1  a nd 2 . 2 ) . The e x c e pt i o n wa s P 5 0 9 - 3 C ,  wh i c h 

gr e w  e xt r e me l y s l ow l y  o n  D -ma n n o s e  a nd u t i l i s e d  t h i s  s ug a r  

o n l y  a f t e r  a n  i n i t i a l  lag pe r i od . I n  c o mpa r i s o n ,  s t r a i n s 

p r e s umed d e f e c t i ve i n  t wo h e x o s e - p h o s p h o r y l a t i ng e n z yme s , 

s h o we d  g r e a t l y  d i mi n i s hed gr owt h  o r  c omp l e t e l a c k  o f  g r o wt h  

o n  t h e  h e x o s e  s u ga r s . 

S t ra i n  P 5 0 9 - 1 B  d i d n o t  g r o w  o n  D - g l u c o s e , n o r  u t i l i s e  D ­

g l uc o s e , whe n  i n o c u l a t e d  a t  the s ta nd a r d  c e l l  d e n s i ty i n t o  

med i um c o nta i n i n g t h i s  s ugar a s  t h e  s o l e  c a r b o n  s ou r c e  

( F i g u r e  7 ) . S l o w  g r o wth o n  D - g l u c o s e  a n d  u t i l i s a t i o n o f  D ­

g l u c o s e  wa s o b s e rved b y  i n o c u l a t i n g me d i a  a t  t h e  h i gh e r  

c e l l  d e ns i t y ( F i g u r e  1 4 ) .  A l t h o ugh h e x o s e - ATP - k i na s e  

a c t i v i ty wa s l o w  i n  t h i s  s t r a i n ,  t h e r e  wa s a mea s ur e a b l e  

l e ve l ( Ta b l e s  V & VI ) .  I n  c ompa r i s o n ,  h e x o s e - ATP - k i na s e  

a c t i v i t y wa s a l mo s t  c o mp l e t e l y  l a c k i ng i n  t h e  s u bs e qu e n t l y  

i s o l a ted D/X A s t ra i n ,  wh i c h d i d n o t  e x h i b i t  a ny gr o wt h  o n  

D - g l uc o s e , e v e n  whe n  i n o c u l a t e d  i nt o  me d i a  a t  t he h i g h e r  

c e l l  d e ns i t y ( F i g u r e  1 4 } .  Thus , o n  t h e  ba s i s  o f  t he s e  

r e s u l t s , i t  s e e med p o s s i b l e  t ha t  t h e  mut a n t  P 5 0 9 - 1 B  wa s 

a b l e  t o  g r o w o n  D - g l u c o s e  beca u s e  o f  t h e  e x i s t e nc e  o f  a 
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t h i r d h e x o s e - p h o s p h o r yla t i ng e n zyme , wh i c h p r e s uma b l y  

wo u l d  b e  n o n - f un c t i ona l o r  a b s e n t  i n  s t r a i n  D / X  A .  T h i s  

c o n t r a s t e d  w i t h t h e  i n i t i a l  i n t e r p r e ta t i o n that P 5 0 9 - l B  wa s 

n e g a t i ve f o r  g r o wt h  o n  D - g l u c o s e  o n  s o l i d med i a ,  d u e  t o  

d e f e c t s  i n  the two h e x o s e - p h o s p h o r yl a t i ng e n z yme s t h a t  

we r e  p r e s e n t i n  t h i s  ye a s t . Th i s  e x i s t e n c e  o f  a t h i r d 

e n z yme wa s u n r e a l i s e d  at that s ta g e . 

T h e  h e x o s e - ATP - k i na s e  a c t i v i t i e s  i n  t h e  mut a n t s  we r e  

me a s u r e d  and t h e  r e s u l t s c o r r e l a t e d  w i t h  t h e  o bs e r ve d  

g r owt h pat t e r n  on t h e  h e x o s e  s u gar s . T he s e  r e s u l t s , 

t o g e t h e r wi t h  the chr oma t o g r a ph y  p r o f i l e s  ( Re s u l t s  S e c t i o n 

4 ) ,  c o n f i r med t hat muta t i o n s  w i t h i n  the h e x o s e - ATP - k i na s e  

g e n e s  we r e  r e s p o n s i b l e  f o r  t h e  d i mi n i s he d  g r owth o n  t h e  

h e x o s e  s u ga r s  a nd t he i nc r e a s e  i n  r e s i s ta n c e  t o  2 -

d e o x yg l uco s e . Thus s t r a i ns P 5 1 0 - 5A a nd P 5 0 9 - 3 C ,  d e f e c t i ve 

i n  o n e  h e x o s e - p h o s ph o r y l a t i ng e n z yme ( g l u c o k i na s e  a nd 

h e xo k i na s e  A,  r e s p e c t i ve l y ) , we r e  s t i l l  c a pa b l e  o f  g r o wt h  

o n  t h e  h e x o s e s . The s e  s tr a i n s p o s s e s s ed a f un c t i o n a l  

h e x o k i na s e  A a nd g l u c o k i na s e  r e s pe c t i ve l y ,  i n  add i t i o n t o  

h e x o k i na s e  B .  H o we ve r , mut at i o n s  w i t h i n  b o t h  h e x o k i na s e  A 

a nd g l uc o k i n a s e  g r e a t l y  d i mi n i s he d  t h e  a b i l i t y o f  a s t r a i n  

t o  g r o w  o n  h e x o s e  suga r s . Gr owth wa s s t i l l  p o s s i b l e  by 

v i r t ue of  the e x i s t e nc e  o f  h e x o k i na s e  B ,  

pa r t i c u l ar l y  o n  D - g l u c o s e  and D - ma n n o s e .  

but wa s s l o w ,  

I n  c o n t r a s t  t o  

t h e  o r i g i na l  obs e r va t i o n ,  P 5 0 9 - 1 B  wa s s h o wn t o  b e  a b l e  t o  

g r ow s l owly o n  D - f r uc t o s e . The p r e s e n c e  o f  h e x o k i na s e  B 

a l s o  e x p l a i n s t h e  ab i l i t y o f  t h i s  s t r a i n  t o  g r ow s l o w l y  o n  

t h i s  s u gar , s i n c e  the k i ne t i c  p r o pe r t i e s  p o s s e s s e d b y  t h i s  

e n z yme p e r m i t fas t e r  p h o s p h o r y l a t i o n o f  D - f r u c t o s e  tha n D -
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g l u c o s e  ( Re s u l t s S e c t i o n 3 & 4 . 1 ) . T h e  mu tat i o ns wh i c h  

a f f e ct e d  t he h e x os e - ph o s p h o r yl a t i ng a c t i v i ty d i d n o t  a f f e c t  

t h e  a b i l i ty o f  s t ra i n s t o  g r o w  o n  D - xyl o s e , 

g l yce r o l . Al l t h e  muta n t s  g r e w  e q ua l l y 

c a r b o n  s o u r c e s  a s  t h e  wi l d  type s t r a i n . 

D-ga l a c t o s e  o r  

we l l  o n  t h e s e  

A l t h ou g h  t h e  l e ve l s  o f  2 -d e oxyg l u c o s e  a t  wh i c h  t h e  

o r i g i na l  r e s i s tant muta nts i s o l a t e d  by Al l e n  J a me s  we r e  

k no wn , t h e  r e s i s t anc e  o f  t h e  s e g r e ga n t s  had n o t  be e n  

d e t e r m i n e d . T h e  r e s i s ta n c e  o f  e a c h  mut a n t  u s e d  i n  th i s  

s t u d y  wa s d e t e r m i ned o n  s o l i d YNB- xyl o s e  s u p p l e me nt e d  wi t h  

t h e  a n a l ogue . The wi ld type s t ra i n  wa s i n h i b i t e d  i n  the 

p r e s e nc e  of  4 mM 2 -d e o xyg l uc o s e  ( Ta b l e  I I I ) .  S t r a i ns 

d e f e c t i ve i n  e i t h e r  he x o k i na s e  A o r  t h e  g l u c o k i na s e  

e xh i b i t e d  s ome i nc r e a s e  i n  r e s i s t a n c e  t o  t h e  ana l o gu e . 

S t r a i n  P 5 0 9 - 3 C  wa s a b l e  t o  g r o w  i n  t h e  p r e s e nc e  o f  4 mM 2 -

d e o xyg l u c o s e  and wa s c o n s i d e r e d  r e s i s t a n t  a t  t h i s  l e ve l . 

H o we ve r ,  s t r a i n  P 5 1 0 - 5 A e x h i b i t e d  o n l y  a s l i ght i nc r e a s e  

i n  r e s i s ta n c e  c ompa r e d  t o  t h e  w i l d  t yp e  s t r a i n .  The 

d o u b l e  a nd tr i p l e  mu ta nts , P 5 0 9 - 1 B  a n d  D/X A ,  we r e  

r e s i s t a n t  a t  t h e  h i g h e r  l e v e l s  o f  2 0  mM a nd 1 2 0  mM , 

r e s pe c t i ve l y .  Th e r e f o r e , 

t hr e e  h e x os e - ph o s p h o r y l a t i ng 

v i r t ua l l y no t o x i c  e f f e c t ;  

i n  a s t r a i n  d e f e c t i ve i n  a l l  

e n zyme s ,  t h e  ana l o gu e  had 

r e s i s ta n c e  t o  t h e  a na l o g u e  

c o r r e l a t i ng w i t h  an a l most c o mp l e t e l o s s  o f  h e x o s e - ATP -

k i na s e  a c t i v i t y . 

S ome d i f f e r e nc e s  i n  2 -d e o xyg l uc o s e  s e n s i t i v i t y we r e  f o und 

b e t we e n  Pachyso l en t a n n oph i l us and Saccharomyces s pe c i e s . 

S .  cere v i s i ae and S .  d i as t a t i cu s  s t r a i ns d i d  n o t  gr o w  a t  1 

mM 2 -d e o xyg l uc o s e  ( J o n e s  e t  a l . ,  1 9 8 6 ) ,  wh i l e Ma i t ra ( 1 9 7 0 ) 
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r e p o r t e d  that S .  cere v i s i a e  f a i l e d  t o  g r o wn i n  a s a l t ­

v i tami n -ga l a c t o s e  med i um s u p p l e me nt e d  w i t h  0 . 3  mM o f  the 

a n a l o g u e . I n  c ompa r i s i o n ,  wi l d  type P .  t a n n o p h i l u. s  wa s 

r e s i s ta n t  a t  2 mM a nd wa s capa b l e  o f  d i mi n i s he d  g r o wt h  a t  4 

mM 2 -d e oxyg l uc o s e . The b i o c h e m i ca l b a s i s  o f  t h i s  

a p pa r e nt l y  h i gh e r  i n t r i ns i c  r e s i s ta n c e  t o  t h e  ana l o g u e  i s  

u n k n own . 

F r o m  t h e  comb i ne d  data i n  Re s u l t s  S e c t i on l - 4  i t  wa s 

c o n c l ud e d  t ha t ,  i n  Pachyso l en tan n oph i l u.s , t he r e  e x i s t s  

t h r e e  h e x o s e - p h o s ph o r y l a t i ng e n zyme s ,  h e x o k i na s e  A a n d  B 

a n d  a g l u c o k i na s e . L o s s  o f  b o t h h e x o k i na s e  A and t h e  

g l uc o k i na s e , g r e a t l y  r e duced t he a b i l i t y o f  a s t r a i n  t o  

g r o w  o n  D - g l u c o s e ,  D - f r uc t o s e  a nd D - ma n n o s e  b u t  a t h i rd 

e n zyme , h e xo k i na s e  B ,  d i d  p e r m i t gr owt h o n  t h e s e  s ug a r s  

a l b e i t  a t  a g r e a t l y  r e d uc e d  rate . 

T h e  b e ha v i o ur o f  t h e s e  g l uc o s e - n e gat i ve muta n t s  whe n  g r o wn 

i n  med i a c o nta i n i ng b o t h  D-g l u c o s e  a nd D - xy l o s e  a s  the 

c a r b o n  s ou r c e s  wa s i nve s t i gated . The w i l d  t ype s t r a i n ,  

P 4 4 4 - 3 D ,  

D - xy l o s e  

d e p l e t e d  

ut i l i s e d  D - g l uc o s e  pr e f e r e n t i a l l y ,  r e pr e s s i ng 

ut i l i sa t i o n  unt i l  a l mos t a l l  t h e  D - g l u c o s e  wa s 

( F i gu r e s  9 & 3 1 ) . A s i mi l a r  pa t t e r n  o f  s ugar 

u t i l i s a t i o n in m i x e d  s u gar s has be e n  r e p o r t e d  f o r  P .  

t a n n o p h i l u. s  ( De t r o y  e t  a l . ,  1 9 8 2 ;  S l i n i ng e r  e t  a l . ,  1 9 8 7 ;  

B i c h o  e t  a l . ,  1 9 8 8 ) .  

S t r a i n  P 5 1 0 - 5A, d e f e ct i ve i n  t h e  g l u c o k i na s e , b e haved 

s i m i l a r l y  t o  the wi ld type s t r a i n ;  D - g l u c o s e  wa s u t i l i s ed 

p r e f e r e n t i a l l y over t he D - x y l o s e . A d i f f e r e n t  pa t t e r n  o f  

s ug a r  ut i l i s at i o n wa s f o u nd wi t h  P 5 0 9 - 3 C  wh i c h  wa s 



1 4 7 

d e f e c t i ve i n  h e x o k i na s e  A and t h e  d o u b l e  mutant P 5 0 9 - 1 B . 

B o t h  t h e s e  s t r a i ns c o u l d  u t i l i s e  D -g l uc o s e  and D - x y l o s e  

s i mu l ta n e o us l y . D -g l uc o s e  ut i l i s a t i o n by P 5 0 9 - 1 B ,  a l t h o u g h  

i n i t i a l l y s l ow ,  was f a s t e r  t ha n  t h e  D - xyl o s e  u t i l i s a t i on , 

wh i c h  wa s i n h i b i te d  ( F i gu r e  1 0 ) .  T h i s  u t i l i s a t i o n  o f  D ­

g l uc o s e  c a n  be e xp l a i n e d  b y  t h e  p r e s e nc e  o f  h e x o k i na s e  B ,  

wh i c h  p e r m i t t e d  s l ow me t a b o l i s m  o f  t h e  D -g l u c o s e . 

Whe n  t h e  P 5 0 9 - 1 B  mut a n t  wa s f i r s t  i s o l a t e d , i t  wa s h o p e d  

t h a t  t h i s  s t ra i n  c o u ld be u s e d  a s  a g l u c o s e - n e ga t i ve s t ra i n  

f or t h e  f e rmenta t i o n o f  a m i x t u r e  o f  s u ga r s  i n  wo o d  

hyd r o l ys a te s . S uc h  a s t ra i n  c o u l d  be u s e d  t o  f e rme n t  t h e  

p e n t o s e  s u ga r s  t o  e t ha n o l , l ea v i n g  t h e  h e x o s e  s ug a r s  t o  b e  

f e r me nt e d  i n  a s e c o nd s tage by a mo r e  e t han o l  t o l e ra n t  

ye a s t  s uc h  a s  S .  cere v i s i ae .  T h e  r e s u l t s o f  i n i t i a l  t r i a l s  

c o nd u c t e d  o n  th i s  s t r a i n  by Tom C l a r k  a nd K a y  Deve r e l l  a t  

t h e  F o r e s t  R e s e a r c h  I ns t i t u t e  s h o we d  t hat D - g l u c o s e  wa s 

c o n s umed 

d i f f e r e nt 

i n  a D -g l uc o s e / D -xyl o s e  

hypo t he s e s  we r e  pr o p o s e d  

m i xt u r e . 

t o  e x p l a i n  

S e ve r a l 

t h i s  

o b s e rvat i o n .  The mos t  s i gn i f i ca n t  o f  t h e s e  h ypo t he s e s  wa s 

s i m i l a r  t o  t he s ch e me o u t l i ned i n  D i s c u s s i o n S e c t i on 6 

a n d  F i g u r e  3 3 . T h i s  s c heme wa s f i r s t  pr o po s ed by H u n g  

L e e , U n i ve r s i ty o f  Gue l ph , Ontar i o ,  Canada ( pe r s o na l  

c ommu n i ca t i o n ) . 

c o n s umpt i on wa s 

I t  

d ue 

wa s 

t o  

s ugge s t ed 

t h e  s ugar 

that t h e  D -g l uc o s e  

be i ng r e d u c e d  t o  

t o  D - f r uc t o s e . T h e  D - s o r b i t o l  and s ub s e q u e n t l y  o x i d i s e d 

xyl o s e  pa t hwa y  e nz yme s , xyl o s e  r e d u c t a s e  and xyl i t o l  

d e hyd r o ge na s e  we r e  r e s po ns i b le f o r  t h e  c a ta l ys i s  o f  t h e s e  

r e a c t i on s . Howeve r ,  s i nce D-xyl o s e  i s  r e qu i r e d f o r  t h e  

i nd uc t i o n o f  xyl o s e  r e d u c t a s e  and xyl i t o l  d e hyd r o g e na s e  
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( s e e  D i s c us s i on S e c t i o n 4 ) ,  t h i s  s c he me d i d n o t  e x p l a i n  t h e  

c o n s umpt i on o f  D - g l u c o s e  i n  t h e  m i x t u r e  o f  D - g l u c o s e  a n d  

g l yc e r o l  ( Re s u l t s S e c t i o n 1 . 3 ) . 

T h e  r e s u l t s  f r om t r i a l s  i n  wh i c h D - g l u c o s e  u t i l i s a t i on wa s 

f o l l o we d  a t  h i gh c e l l  d e ns i ty f u r t he r  s u p p o r t ed t h e  v i e w  

t h a t  D - g l u c o s e  u t i l i s at i o n i n  mi xed s u ga r s  b y  s t r a i n  P 5 0 9 -

1 B  ( F i g u r e  1 0 ) wa s d u e  t o  t he p r e s e n c e  o f  h e x o k i na s e  B .  

T h e  f a c t  t hat n o  g r owth n o r  D - g l uc o s e  u t i l i s a t i on wa s 

o bs e r ved i n  YNB-g l uc o s e  i n o c u l a t e d  a t  t h e  s tandard c e l l  

d e ns i t y ,  c a n  be r e ad i l y e x p l a i ned i n  t e r ms o f  p o pu l a t i o n  

s i z e .  At the i no c u l a t e d  c e l l  d e n s i t y o f  2 . 5  x 1 0 7  c e l l s 

ml - 1 , u t i l i s at i o n o f  D- g l u c o s e  i n  t h e  me d i um wa s t o o  s l ow 

t o  o b s e r ve a ny s i gn i f i ca n t  d e c r e a s e  i n  D-g l uc o s e  

c o n c e n t r a t i o n d u r i ng t h e  9 6  h r  p e r i od .  S i m i l a r l y ,  t h e  r a t e  

o f  g r owth wa s t o o  s l o w t o  o b s e rve a n y  s i g n i f i c ant i nc r e a s e  

i n  o p t i ca l  d e n s i ty .  Howeve r , i n o c u l a t i o n o f  c e l l s  i nt o  

me d i um c o nta i n i ng D - g l uc os e , a t  the h i g h e r c e l l  d e ns i t y o f  

5 . 0  x 1 0 9  c e l l s ml- 1 p e r mi t e d  o b s e r vat i o n o f  a d e c r e a s e  i n  

D - g l u c o s e  c o nc e nt r a t i o n  and a s l ow i nc r e a s e  i n  o p t i ca l  

d e n s i ty d ur i ng t h e  i ncubat i on p e r i od . Al t h o u gh t h e  r a t e  a t  

wh i c h  i nd i v i d ua l c e l l s me t a b o l i s e  D-g l u c o s e  r e ma i n s  t h e  

same i n  b o t h  c a s e s , t h e  l a r ge r  p o p u l a t i o n c a n  c o l l e c t i ve l y  

u t i l i s e  D -g l uc o s e  a t  a r a t e  s u f f i c i e n t  t o  b e  me a s u r e a b l e . 

2 .  H E X O S E - ATP - K I NASE EN Z Y MES I N  P .  T RNNOPH I L US 

An i o n - e xc ha nge c h r oma t og r aphy ha s o f t e n  b e e n  ap p l i e d to the 

i s o l a t i o n  and pur i f i ca t i o n of e n zyme s . I n  th i s  s t ud y ,  

ce l l - f r e e  e x t r a c t s  f r o m the wi ld type s t r a i n  a nd e a c h  o f  
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t h e  f i ve mutants we r e  c h r o ma t og r a p h e d  o n  DEAE - c e l l u l o s e . 

T h e  c h r oma t og r a ph i c  pr o f i l e s  c o n f i r me d  t h e  e x i s t e n c e  o f  

t h r e e  h e x o s e -ph o s ph o r yl a t i ng e n zyme s i n  P .  t a n n o p h i l as ,  

two h e x o k i na s e s  and o n e  g l u c o k i na s e . 

T h e  h e x o k i na s e s  i n  S .  cere v i s i ae have b e e n  s ho wn t o  be 

e x t r e me l y s e ns i t i ve t o  p r o t e o l yt i c  mod i f i cat i on by 

p r o t e a s e s . Howeve r ,  the mod i f i e d  e nz yme s can r e ta i n  a 

h i gh d e g r e e  o f  cata l yt i c  a c t i v i ty .  Mod i f i e d  f or ms o f  t h e  

P I  a n d  P I I  i s o e nzyme s k n o wn as S I  a nd S I I  

c h l or i d e  f o r e l ut i o n f o l l o w i ng 

r e q u i r e d s od i um 

DEAE - c e l l u l o s e  

c h r o ma t o g r a phy w i t h  a pH grad i e nt ( Tr a ys e r  & Co l o w i c k , 

1 9 6 1 ) . The S f o r ms we r e  s ubs e qu e n t l y  s h own t o  be d e r i ved 

f r om t h e  P f o r ms by N - t e r m i na l  c l eavage of  a n  u nd e ca 

p e p t i d e  ( S ch m i d t  & C o l o w i c k , 1 9 7 3 ) . Rame l e t  a l . ( 1 9 7 1 )  

r e po r t e d  t he e x i s t e nc e  o f  a mod i f i e d  f o r m  o f  h e xo k i na s e  B 

( P I I ) d e s i g nated as h e x o k i n a s e  D ,  

c h r o ma t o g r a p h i c  

c e l l u l os e  w i t h  

e l ut i o n  o f  c e l l - f r e e  e x t r a c t s  

a pH g r ad i e nt . R u s t r um e t  

f o l l ow i n g  

o n  DEAE-

a l . ( 1 9 7 1 )  

r e po r t e d  the pr e s e nc e  o f  a p r o t e a s e  i n  c e l l  e x t r a c t s  

wh i ch c a n  c l e ave h e x o k i na s e s  i nt o  s ma l l  f r agme n t s  o f  2 6 , 0 0 0  

mo l e c u l a r  we i g h t  a s  d e te r mi ned by s od i um d od e cyl s u l p ha t e  

( S D S ) p o l ya c r y l m i d e  e l e c t r o ph o r e s i s . T h i s  p r o t e a s e  can 

b i nd i n  l a t e n t  f o r m  t o  pur i f i e d  h e x o k i na s e s  and c a n  b e c ome 

a c t i va t e d  i n  var i ou s  d e na t u r i ng me d i a  s uc h  a s  s o l u t i o n s  

c o n ta i n i ng S D S . 

P r o t e o l yt i c  mod i f i ca t i o n o f  b o t h  h e x o k i na s e  A and B wa s 

a p pa r e n t d u r i ng the c h r o ma t o g r a phy o f  c e l l - f r e e  e x t r a c ts i n  

t h i s  s t udy . B o t h  t h e s e  e n z yme s s h o we d  var i a t i o n s  i n  t h e  

c h r o ma t o g r a p h i c  pr o f i l e s  o b ta i ne d . T h e  g l uc o k i na s e  
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a pp e a r e d  l e s s  s us c e pt i b l e  t o  p r o t e o l ys i s ,  s i nc e  t he s ha p e  

o f  t h e  p e a k  a n d  p o s i t i on o f  e l ut i o n o n  t h e  g r a d i e nt wa s n o t  

i n f l ue nc e d  b y  the me t h od o f  p r e pa ra t i o n o f  t h e  c e l l - f r e e  

e xt r a c t . 

Chr o ma t o gra phy 

e xt r a c t s  t ha t  

wa s i n i t i a l l y p e r f o r me d  o n  c e l l - f r e e  

had b e e n  d i a l ys e d  ove r n i gh t  i n  bu f f e r . 

Ev i d e nc e  o f  pr o t e o l yt i c  mod i f i ca t i on o f  b o t h  h e x o k i na s e  A 

a nd B ,  pr omp t e d  t h e  u s e  o f  r a p i d  f i l t r a t i o n o f  c e l l - f r e e  

e xt r a c t s  o n  S e phad e x  G- 2 5 .  Whe n  ge l f i l tr a t i o n  o n  

S e phad e x  G- 2 5  i ns t e a d  o f  d i a l ys i s  wa s u s e d  t o  r e move s a l t , 

t h e  f o r ma t i on o f  h e x o k i na s e  D wa s p r e v e n t e d  ( Rame l  e t  a l . ,  

1 9 7 1 ) . The c o n c e n t r a t i o n o f  t h e  s e r i ne p r o t e a s e  i n h i b i t o r  

r o ut i ne l y u s e d  i n  t h e  e x t r a c t i o n b u f f e r  wa s i nc r e a s e d  f r om 

0 . 2  mM t o  2 mM t o  f u r t h e r  m i n i m i s e  a n y  pr o t e o l ys i s . 

P r o t e a s e  i n h i b i t o r s  have b e e n  s uc ce s s f u l l y  u s e d  t o  i n h i b i t  

s ome o f  the p r o t e a s e s  that d e g r a d e  h e x o k i na s e s  i n  

S accharomyces cere v i s i a e . B e r n a r d  ( 1 9 7 5 )  r e po r t e d t h e  

s uc ce s s f u l  p r e ve n t i o n o f  pr o t e o l yt i c mod i f i ca t i o n ,  b y  

r a p i d l y  p r o ce s s i ng Fr e n c h  pr e s s  e xt r a c t s  by f i l t r a t i o n o n  

S e p had e x  G - 2 5 .  T h e  p r o t e a s e  i nh i b i t o r  d i i s o p r o pyl 

f l uo r o p h o s p h o n a t e  ( DFP ) wa s a d d e d  t o  t he b u f f e r s  be f o r e  

me c ha n i ca l  d i s r u p t i o n o f  t h e  c e l l s a nd be f o r e  the 

f i l t r a t i o n s t e p . The e xt r a c t  wa s t h e n  pr o c e s s e d  i mmed i a t e l y  

b y  chr o ma t o g r a p hy o n  DEAE-ce l l u l o s e . Rame l e t  a l . ( 1 9 7 1 ) 

a l s o  i nc l ud e d  DFP i n  t h e  bu f f e r s  d u r i ng h omoge n i s at i o n o f  

t h e  ye a s t  a nd i n  s u bs e q u e n t pr o c e s s i n g  o f  t h e  c e l l - f r e e  

e x t r a c t s . The p r o t e a s e  i n h i b i t o r  p h e n y l me t h a ne s u l p h o nyl 

f l u o r i d e  ( PM S F ) has a l s o  b e e n  r e p o r t e d  to be s uc c e s s f u l  i n  
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p r e v e n t i ng p r o t e o l yt i c  mod i f i ca t i on { S c h u l z e  e t  al . , 1 9 6 6 ) 

a nd has t h e  advantage o f  b e i ng l e s s  t o x i c . 

Whe n  t h e  w i l d  type s t r a i n ,  P 4 4 4 - 3 D ,  wa s c h r o ma t o g r a p h e d , 

t h r e e  e nz yme s ,  h e x o k i na s e s  A a n d  B a nd a g l u c o k i na s e , 

e l ut e d  w i t h  a sa l t  grad i e n t  ( F i gu r e  1 6  & 2 2 ) . S e pa r a t i o n 

o f  t h e  g l u c o k i na s e  a nd h e xo k i na s e  A wa s o n l y  p os s i b l e  whe n  

t h e  c e l l - f r e e  e x t r a c t  wa s d e s a l t ed b y  f i l tr a t i on . 

P r e s uma b l y ,  l e s s  mod i f i ca t i o n o f  t h e  h e x o k i na s e  A had 

o c c u r r ed and the ma j o r p or t i o n o f  the e n zyme e l ut e d  at a 

s l i g ht ly h i g h e r  s a l t  c o n c e n t r a t i o n t ha n  t h e  g l u c o k i na s e . 

Ea c h  o f  t h e  t h r e e  h e x o s e - p h o s p h o r y l a t i n g e nz yme s e xh i b i t e d  

d i f f e r e n t  pr o p e r t i e s , e l ut i ng a t  a d i f f e r e nt p o s i t i o n  o n  

t h e  grad i e nt c o r r e l a t i ng w i t h  a s pe c i f i c b u f f e r  

c o nd u c t i v i t y . Eac h  e n zyme a l s o  e xh i b i te d  a d i f f e r e n t  F / G  

r a t i o  a t  t he 1 5  mM c o n c e n t r a t i o n o f  s ub s t r a t e  u s e d  i n  t he 

e n z yme a s s a ys . Th i s  l a t t e r  c ha r a c t e r i s t i c  d i s t i ngu i s he d  

t h e  g l u c o k i na s e  and t h e  h e x o k i na s e  A wh i c h e l ut e d  a s  t h e  

ma j o r pea k s  i n  c e l l - f r e e  e xt r a c t s  p r e pa r e d  f r om w i ld type 

c e l l s . A l t h ough both of t h e s e  e n z yme s e l ut e d  c l os e l y  

( F i g u r e  2 2 )  o r  e o - e l u t e d  ( F i gu r e  1 6 ) ,  t h e r e  we r e  l a r ge 

d i f f e r e n c e s  i n  the me a s u r e d  F/G r a t i o s . 

M u t a n t s  P 5 1 0 - 5 A a n d  P 5 0 9 - 3 C h a d  l o s t  t h e  g l u c o k i na s e  a nd 

h e x o k i na s e , r e s pe c t i ve l y .  He n c e  c h r o ma t o gr a p h y  o f  c e l l ­

f r e e  e x t r a c t s  f r om P 5 1 0 - 5 A and P 5 0 9 - 3 C { F i g u r e s  1 7  & 1 8 ) 

r e ve a l ed t h e  pr e s e nc e  o f  o n l y  h e x o k i na s e  A and t h e  

g l u c o k i na s e , r e s pe c t i ve l y ,  t o g e t h e r  w i t h  s ma l l e r  amo u n t s  o f  

h e x o k i na s e  B .  Thus i n  t h e s e  c h r o ma t o gr a p h s , i t  wa s 

p o s s i b le t o  mo r e  a c c u r a t e l y  d e t e r m i ne t h e  F/G ra t i o s o f  
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h e x o k i na s e  

e x h i b i te d  

A a n d  t h e  g l u c o k i na s e . 

n e g l i g i b l e  a c t i v i ty w i t h  

The g l u c o k i na s e  

D - f r uc t o s e  a s  a 

s ub s t r a t e , whe r e a s  he x o k i na s e  A p h o s p h o r y l a t e d  b o t h  D ­

f r uc t o s e  and D - g l u c o s e  a t  a F / G  r a t i o  o f  1 . 3 / 1 . 0 .  T h i s  

l a t e r  va l ue was a l s o  obta i ned w i t h  t h e  p u r i f i e d  h e x o k i na s e  

A ( Re s u l t s  S e ct i o n 6 . 2 ) . 

I n  Saccharomyces cerev i s i ae , t he two h e x o k i na s e s , P I  a n d  

P I I  ( Co l ow i c k , 1 9 7 3 ) a n d  t h e  g l uc o k i na s e  ( Ma i t r a , 1 9 7 0 ) 

have b e e n  c o nve n i e n t l y  s e pa r a t e d  o n  h yd r oxya pa t i t e ( Ga n c e d o  

e t  a l , 1 9 7 7 ;  F e r na nde z  e t  a l ; 1 9 8 4 ,  F e r na nde z  e t  a l , 

1 9 8 5 ) . I n  t h i s  s t udy hyd r o xa pa t i t e wa s t r i e d a s  a 

c h r o ma t o g r a p h i c  ma te r i a l  f o r  s e pa r a t i o n o f  t h e  e nz yme s f r om 

P .  t a n n oph i l u.s ,  but h i g h e r  r e s o l u t i o n wa s f ou nd o n  D EAE­

c e l l u l os e . 

R e s u l t s  i n  

tan n oph i l u.s , 

t h i s  

t h e r e  

s t udy 

a r e  

s h o we d  

a l s o  t wo 

t h a t  i n  

h e x o k i na s e s  

Pachys o l en 

a nd o n e  

g l u c o k i na s e  p r e s e n t . B o t h  t h e  h e x o k i na s e s  p h o s p h o r y l a t e  D ­

f r uc t o s e  a n d  D - g l uc o s e , wh i l e t h e  g l u c o k i na s e  i s  s p e c i f i c  

f o r D - g l u c o s e . T h e  two h e x o k i na s e s  d i f f e r  w i d e l y  i n  t h e i r  

F I G  r a t i o s , 

c o n c e n t r at i o n 

a n a l o g ous t o  

3 . 0 / 1 . 0  a n d  1 . 3 / 1 . 0 ,  a t  t h e  s u b s t r a t e  

u s e d  i n  t h e  a s s a y  a nd i n  t h i s  

the P I  and P I I  i s o e n z yme s . 

r e s pe c t  a r e  

T h e  r e p o r t e d  

va l u e s  f o r  t he F / G  r a t i o s o f  t he h e x o k i na s e s  

cere v i s i ae a r e  i n  t h e  r a ng e  2 . 5 - 3 . 5 / 1 . 0  f o r  P I  a nd 

i n  S .  

1 .  0 -

1 . 5 / 1 . 0  f o r  P I I .  ( Rame l e t  a l . ,  1 9 7 1 ;  Co l ow i c k , 1 9 7 3 ;  

Ent i a n  & Meck e ,  1 9 8 2 ;  F r o h l i c h  e t  a l . ,  1 9 8 4 ;  Fe r na nd e z  e t  

a l . ,  1 9 8 5 ) . 
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D i f f e r e nc e s  i n  e n zyme pr o f i l e we r e  f o und b e t we e n  w i ld t yp e  

c e l l s t ha t  we r e  g r o wn o n  D - g l uc o s e  a nd t h o s e  g r o wn o n  

e i t h e r  D - x y l o s e  o r  g l yc e r o l . H e xo k i na s e  A a n d  t h e  

g l uc o k i na s e  c o n t r i bu t e d  t h e  ma j or h e x o s e - ph o s ph o r yl a t i ng 

a c t i v i ty i n  w i ld type ce l l s g r o wn o n  D - g l u c o s e  ( F i gu r e  1 6  

& 2 2 ) .  A l owe r l eve l o f  h e x o k i na s e  A wa s p r e s e nt i n  c e l l s  

wh i c h  had be e n  g r o wn o n  e i t h e r  D - xyl o s e  o r  g l yce r o l  

( F i gu r e s  2 3  & 2 4 ) .  The s e  r e s u l t s  a gr e e d w i t h  t h e  e a r l i e r  

both a l owe r h e x o s e - p h o s p h o r y l a t i ng o b s e r va t i o n that 

a c t i v i t y a nd F / G  va l u e  wa s pr e s e nt i n  c e l l s c u l t i va t e d  on 

D - x y l o s e  i n  c ompa r i s o n  t o  D - g l uc o s e  g r o wn c e l l s . A s i m i l a r  

s i t uat i o n wa s f o und i n  Can d i d a  trop i c a l i s  by H i r a i  e t  a l . 

( 1 9 7 7 ) ;  c e l l s  c u l t i va t e d  o n  e i t h e r  e t h a n o l o r  a c e t a t e  had 

l owe r D- g l u c o s e - ph o s ph o r y l at i ng a c t i v i ty and a l owe r F / G  

r a t i o  i n  c o mpa r i s o n  t o  D - g l u c o s e  g r o wn c e l l s . S i n c e  a 

g r e a t e r  p r o p o r t i o n o f  h e x o k i na s e  A wa s p r e s e nt when D ­

g l uc o s e  wa s ava i l a b l e , i t  s e e ms l i k e l y tha t t h i s  e n z yme i s  

i nd u c i b l e  by D - g l u c o s e . H o weve r ,  t h e  e n zyme wa s s t i l l  

p r e s e n t  e v e n  i n  t he c o mp l e t e a b s e nce o f  D - g l u c os e , a l t h o ug h  

a t  a r e d u c e d  l e ve l . I n  c ompa r i s o n ,  t h e  l e ve l s  o f  

h e x o k i na s e  B a nd g l u c o k i na s e  we r e  n o t  a f f e c te d  b y  t h e  

c a r b o n  s o u r c e  o n  wh i c h t h e  ce l l s a r e  gr own . The s e  e n z yme s , 

t h e r e f o r e ,  a p pear t o  be c o n s t i t u t i ve . I n  S .  cere v i s i a e , 

t h e  P I  h e x o k i na s e  and t h e  g l u c o k i na s e  have b e e n  f o und t o  be 

c o ns t i t ut i ve ,  wh i l e t he P I I  i s oe n z yme wa s i nd u c i b l e  

( Mu r a t s u ba k i & Ka t s ume , 1 9 7 9 ; Fe r na n d e z  e t  a l , 1 9 8 5 ) . 

S i m i l a r l y ,  hex o k i na s e  wa s i nd u c e d  i n  C .  trop i c a l i s ,  wh i l e 

a g l u c o k i na s e  wa s c o n s t i t u t i v e ( H i r a i e t  a l . ,  1 9 7 7 ) .  
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H e x o k i na s e  B e l u t e d  a s  a muc h  s ma l l e r  amo u n t  o f  a c t i v i ty i n  

b o t h  wi l d  type a n d  mu t a nt s . I n  c e l l s o f  s t ra i ns P 5 1 0 - 5A a nd 

P 5 0 9 - 3 C ,  d e f e c t i ve i n  h e x o k i na s e  A a nd g l u c o k i na s e  

r e s pe c t i ve l y ,  h e x o k i na s e  B o n l y  c o n t r i bu t e d  a s ma l l  a mo u n t  

o f  t h e  ove r a l l  a c t i v i t y .  I f  we c a n  a s s ume t h a t  t h e  

mea s u r ed a c t i v i t y i s  a n  i nd i c a t i o n  o f  t h e  amount o f  e nzyme 

p r e s e n t  i n  t h e  c e l l ,  h e x o k i na s e  B wa s pr e s e nt a t  l owe r 

l e ve l s  i n  c o mpa r i s o n t o  t h e  o t h e r  two e n zyme s . O n l y  s ma l l  

amounts o f  h e x o k i na s e  B we r e  p r e s e nt i n  P 5 0 9 - 1 B  ( F i gu r e  

1 9 ) ;  h i g h e r  l e ve l s  be i ng pr e s e n t i n  o l d e r  c u l t u r e s  c o mpa r e d  

t o  e x p o n e n t i a l  pha s e s  c e l l s ( Ta b l e  VI ) .  I n  o r d e r  t o  

c h r o ma t o g r a p h  5 . 0  un i ts o f  D - g l u c os e - p h o s p h o r y l a t i ng 

a c t i v i ty ,  a t o t a l  o f  3 5 . 0  mg p r o t e i n  n e e d e d  t o  be l oad e d  

o n t o  the c o l umn . I n  c ompa r i s o n ,  i n  t he wi l d  type e x t r a c t  

1 5 . 0  un i t s  we r e  pr e s e nt i n  1 9 . 0  m g  p r o t e i n . S i nc e  t h i s  

was t he o n l y  h e x o s e - p h o s p h o r y l a t i ng e n zyme p r e s e n t  i n  t h e  

c e l l ,  i ts l e ve l wa s s u c h  that t h e  c e l l s c o u l d  gr ow o n l y  

ve r y  s l owl y o n  D - f r u c t o s e  a nd D -g l uc o s e . The f a s t e r  g r o wt h  

o n  D - f r u c t o s e  i n  c ompar i s o n t o  D - g l u c o s e  c o r r e l a t e d  wi t h  

t h e  mea s u r e d  F / G  r a t i o  o f  h e x o k i na s e  B ,  s i nc e  D - f r u c t o s e 

wa s ph o s p h o r y l a t e d  a b o u t  t h r e e  t i me s  f a s t e r  t ha n  D - g l u c os e . 

T h e  me c ha n i s m  o f  c o n t r o l  o f  h e xo k i na s e  l e ve l s  i n  t h e  c e l l  

wo u ld be i nt e r e s t i ng t o  d e t e r mi ne .  

I n  Saccharomyces cere v i s i ae ,  mu ta n t s  d e f e c t i ve i n  t h e  

g l u c o k i na s e  a nd t h e  P I I h e x o k i na s e  c a n  s t i l l  g r o w  o n  D ­

g l u c o s e , D - f r u c t o s e  and D - ma nn o s e , due t o  t h e  pr e s e n c e  o f  

P I  ( Ma i tr a  & L o b o , 1 9 8 1 ;  L o b o  & Ma i t r a , 1 9 7 7 b ,  1 9 7 7 c ) . T h e  

P I  i s oe n zyme wa s f o u nd t o  c o ns t i t u t e  o n l y  9 %  o f  t h e  t o ta l  

D - g l uc o s e - ph o s ph o r y 1 a t i ng a c t i v i ty ( Fe r nand e z  e t  a1 . , 1 9 8 5 ) . 
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I n  a g l u c o k i na s e - l e s s  and P I !  d e f e c t i ve muta n t s , t he l e ve l 

o f  P I  ma y o f  c o ur s e  be h i gh e r . T h e  ana l o g ou s  s i t u a t i o n 

d o e s  n o t  a p p e a r  t o  be t r ue i n  P �  tan n op h i l us ,  whe r e  t h e  

p r e s e nc e  o f  h e x o k i na s e  B a l o n e  d o e s  n o t  pe r m i t  s i g n i f i ca n t  

g r owth o n  D- g l uc o s e . I n  S �  cerev i s i s e , t h e  g l uc o k i na s e  

p e r m i t s  g r o wt h  o n  D - g l u c o s e  i n  t h e  a b s e nce o f  h e x o k i na s e  P I  

a nd P I I ;  gr owth o n  D - f r uc t o s e  r e qu i r e s  t h e  p r e s e nc e  o f  at 

l e a s t  o n e  h e x o k i na s e  ( Ga n c e d o  e t  a l . ,  1 9 7 7 ;  L o b o  & Ma i t r a , 

1 9 7 7 b ) . 

Hyd r oxya pat i t e  c h r o mat o g r a phy o f  c e l l - f r e e  e xt r a c t s  f r om 

s ta t i o na r y  pha s e  w i l d  type S �  cere v i s i a e  c u l t u r e s  r e vea l ed 

t h e  p r e s e n c e  o f  h e x o k i na s e  P I  and P I ! and t h e  g l u c o k i na s e  

( Ga nc e d o  e t  a l . ,  1 9 7 7 ;  Fe r na nde z  e t  a l . ,  1 9 8 5 ) ,  wh e r e a s  the 

P I !  c o n s t i t u t e d  the ma j o r a c t i v i t y i n  gr o w i n g  ce l l s  

( Ga n c e d o  e t  a l . ,  1 9 7 7 ;  Mu r a t s u ba k i & K a t s ume , 1 9 7 9 ; 

F e r na n d e z e t  a l � ,  1 9 8 5 ) . Compa r i s o ns b e t we e n  e n zyme 

p r o f i l e s  o f  l o gar i t hm a nd s ta t i o na r y  pha s e  w i l d  type P .  

t a n n oph i l us c u l t u r e s  s h owe d s ome d i f f e r e n c e s  i n  t h e  

r e l a t i ve pr o po r t i o n o f  h e x o k i na s e  A and g l uc o k i na s e . A 

d i f f e r e nc e  i n  t h e  F/G r a t i o  b e t we e n  e x p o n e n t i a l  and 

s t at i o na r y  pha s e  c e l l s ( Ta b l e  VI ) a l s o  s ug g e s ted s ome 

d i f f e r e n c e s  i n  t h e  e n zyme s b e t we e n  t h e  two gr owt h  pha s e s . 

H o we ve r ,  i n  c ompa r i s o n w i t h  S .  cere v i s i a e ,  th e s e  

d i f f e r e nc e s  we r e  mi n o r . 

T h e  c l o s e  s i m i l a r i ty b e t we e n  P 5 0 9 - 1 B  a nd P 5 0 9 - 1 B  # 6  

s ugge s t ed tha t t h e  mu ta t i o n i n t r od u c e d  i n t o  P 5 0 9 - 1 B  

a b o l i s h i n g g r owth 

a f f e c t  h e x o k i na s e  

o n  D - f r uc t o s e ,  

B a c t i v i t y . 

d i d n o t  

T h e  

s i gn i f i ca n t l y  

l o we r he x o s e -

p h o s ph o r y l a t i ng a c t i v i t y  i n  t h e  c e l l - f r e e e x t r a c t  o f  P 5 0 9 -
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l B  # 6  ( Re s u l t s S e c t i on 4 . 1 )  c o u l d  a c c o u n t  f or t h e  a b s e nce 

of  g r o wth on D - f r uc t o s e . The na t u r e  o f  t h i s  l e s i o n ,  

d e s i g n a t e d  as fru. , has y e t  t o  b e  e l uc i da t e d , but ma y be 

r e gu l a t o r y  a f f e c t i ng h e x o k i na s e  B l e ve l s  w i t h i n  t h e  c e l l . 

3 .  K I NET I C  P ROPERT I E S OF HEXO K I NASE A 

H e x o k i na s e  A f r om a mu tant o f  Pachysa l en tan n a p h i l u.s 

d e f e c t i ve i n  t h e  g l u c o k i na s e  wa s pa r t i a l l y p ur i f i e d  a n d  t h e  

K m  va l u e s  d e te rm i ned ( Re s u l t s  S e c t i o n 6 ) . D i s c  ge l 

e l e c t r o p h o r e s i s  c o n f i r me d  t h a t  t h e  e n z yme had b e e n  

pa r t i a l l y pu r i f i ed , o n l y  m i n o r  add i t i o na l p r o t e i n  bands 

we r e  v i s i b l e  eve n a f t e r  4 5  pg o f  p r o t e i n  wa s 

e l e c t r o ph o r e s e d  ( P l a t e  1 3 ) .  T h e  F I G  r a t i o  a t  1 5  mM 

c o n c e n t r a t i o n o f  s u b s t r a t e  u s e d  i n  t he a s s ay r e a c t i o n 

mi x t u r e  wa s 1 . 3 2 1 1 . 0 0 a nd t h e  K m  va l u e s  we r e  0 . 3 6 f o r  D -

g l uc o s e  a nd 2 . 2 6 f o r D - f r uc t o s e  ( Ta b l e  I X ) . Ent i a n  & Me c k e  

( 1 9 8 2 ) a nd F r oh l i c h  e t  a l  ( 1 9 8 4 ) r e p o r t e d  t h e  F I G  rat i o  o f  

t h e  S .  cere v i s i e  P I I h e x o k i na s e  a s  be t we e n  1 . 2  and 1 . 5 .  

Ea r l i e r  r e p o r t s  d e t e rmi ned the FIG r a t i o  a s  1 . 1  ( Rame l e t  

a l , 1 9 7 1 ) and 1 . 2  ( Co l o wi c k , 1 9 7 3 ) .  Ent i a n  e t  a l . ( 1 9 8 5 )  

d e t e r mi ned the Km va l u e s  f o r t h e  P I I  he xo k i na s e  a s  0 . 2 3 mM 

f o r  D - g l u c o s e  and 1 . 9 3 mM f o r D - f r u c t o s e , wh i l e Ma i t ra & 

L o b o  ( 1 9 8 1 )  r e po r ted a va l u e  o f  0 . 2  mM f o r D - g l u c o s e  and 

a s ome wha t h i gh e r  FIG va l u e  o f  1 . 9 .  H e n c e  t h e  pur i f i e d 

h e x o k i na s e  A f r om Pachysa l en tan n ap h i l u.s has fa i r l y 

s i m i l a r  k i ne t i c  pr o pe r t i e s  t o  t ha t  o f  t h e  P I I  i s o z yme . 

He x o k i na s e  A i s  a l s o  s i mi l a r  i n  t h i s  r e s pe c t  t o  h e x o k i na s e  

I f r om Can d i d a  trap i c a l i s , wh i c h h a s  a k m  o f  0 . 3 4 mM f o r D -
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g l uc o s e  and 2 . 2  mM f o r D - f r u c t o s e  and a n  F I G  r at i o  o f  1 . 8  

( H i ra i  e t.  a l . ,  1 9 7 7 } . 

T h e  p ur i f i ed h e x o k i na s e  A l os t  a c t i v i ty whe n  i nc u ba t e d  w i t h  

D - xy l o s e  i n  the p r e s e n c e  o f  MgC l 2  a nd ATP ( F i g u r e  2 6 ) .  

I na c t i va t i on o f  t h e  t h r e e  h e x o s e - p h o s ph o r y la t i ng e n zyme s o f  

s ,  cere v i s i ae ha s b e e n  r e p o r te d  ( Fe r n�nd e z  e t.  a l , 1 9 8 4 ) . 

I na c t i va t i o n o f  P I I  wa s r a p i d ,  w i t h  a l mo s t  c o mp l e t e  l o s s  o f  

a c t i v i ty whe n  the e n z yme wa s i nc u ba te d  w i t h  l O O  mM D - x y l o s e  

f o r  6 0  m i n .  ( Fe r na nd e z  

wh i c h  wa s i r r e ve r s i b l e , 

MgATP and i nvo lved 

( Fe r na nd e z  e t.  a l . ,  

e t.  a l . ,  1 9 8 4 ) .  T h i s  i na c t i va t i o n ,  

wa s d e pe nd e nt o n  t h e  p r e s e n c e  o f  

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

1 9 8 6 ) . I n  c o mpar i s o n ,  the 

i na c t i va t i on o f  h e x o k i na s e  A f ou nd i n  t h i s  s t udy wa s l e s s  

r a p i d . Whe t h e r  th i s  r e f l e c t s  a d i f f e r e nc e  be twe e n  an 

e n zyme t ha t  is  pr e s e nt in a c e l l  wh i ch has 

catabo l i c pa t hway a nd a n  e n zyme p r e s e n t i n  

l a c k  s uc h  a pathwa y ,  i s  u n k n own . 

4 .  CATABOL I TE REPRES S I ON I N  P .  T RNNOPH I L US 

a D - x y l o s e  

c e l l s wh i c h 

G l u c o s e  o r  c a t a b o l i t e  r e p r e s s i o n i n  ye a s t  i s  a p h e n o me n o n  

i n  wh i c h  D - g l u c o s e  o r  c l o s e ly r e l a t e d  c a r bo n  s o u r c e s  s uch 

a s  D - f r u c t o s e  a nd D - ma n n o s e  r e pr e s s e s  t he s yn t he s i s  o f  

c e r ta i n  o t h e r  e n zyme s ( Ga n c e d o  & Ga nc ed o , 1 9 8 6 ) ,  i nc l ud i ng 

t h o s e  i n  t h e  tr i car boxyl i c  a c i d  cyc l e  a nd g l yo xy l a t e  by­

pa s s  ( P o l a k i s  & Ba r t l e y ,  1 9 6 5  ) and r e s p i r a t o r y  e n z yme s 

( P o l a k i s  e t.  a l . ,  1 9 6 5 ) .  Ev i d e nc e  s ug g e s t s  t h a t  c a t a b o l i t e  

r e p r e s s i o n i n  ye a s t  d i f f e r s  f r om t h a t  i n  Escher ich i a  c o l i 

and cyc l i c  a d e n o s i ne mo n o p h o s p ha t e  ( AM P } i s  n o t  a d i r e c t  



1 5 8 

e f f e ct o r  ( Ma t s umo t o  e t.  a l . ,  1 9 8 3 ) . 

i s  c o mp l e x  i n  t h a t  g e n e s  s u b j e c t  

c o n t r o l l e d  b y  s e ve r a l  r e g u l a t o r y  

T h e  me c ha n i s m i nv o l ve d  

t o  r e pr e s s i on a r e  

ge ne s ( Ent i a n  & 

Z i mme rma n n ,  1 9 8 2 ;  Ga n c e d o  & Ganc e d o , 1 9 8 6 ) . 

I n  w i l d  type Pachyso l en t. a n n oph i l u.s c e l l s ,  D - xy l o s e  has 

b e e n  f o u nd by s e ve r a l  r e s e a r c he r s  to be n e c e s s a r y  f o r  t h e  

i nd u c t i o n  o f  b o t h  xyl o s e  r ed u c t a s e  a nd x y l i t o l  

d e h yd r o g e n a s e  ( S m i l e y  & Bo l e n ,  1 9 8 2 ;  Ma l e s z k a  e t.  a l . ,  

1 9 8 3 b ;  B o l e n  & D e t r o y ,  1 9 8 5 ;  B o l e n  & S h e ph e r d , 1 9 8 5 ;  B i c h o  

e t  a l . ,  1 9 8 8 ;  t h i s  s t u d y ,  Re s u l t s S e c t i o n  5 ) . I n  add i t i o n ,  

b o t h  e n zymes a r e  r e p r e s s e d by D - g l u c o s e  ( Ma l e s z ka e t  a l ,  

1 9 8 3 b ;  1 9 8 5 ;  B i c h o  e t  a l . ,  1 9 8 8 ;  t h i s  s t ud y ,  Re s u l ts 

S e ct i o n 5 ) . 

X y l o s e  r ed u c t a s e  a nd x y l i t o l  d e h yd r o g e n a s e  we r e  a s s a y e d  i n  

c e l l - f r e e  e xt r a c t s  pr e pa r e d  f r om w i ld t ype a nd mu t a n t  c e l l s 

g r o wn o n  e i t h e r  D - xyl o s e  o r  a mi x t u r e o f  D - g l u c o s e  and D -

x y l os e . D - Xyl o s e  wa s r e q u i r e d  f o r  t h e  i nd uc t i o n o f  b o t h  

e nzyme s ,  s i nc e  l i t t l e  a c t i v i ty wa s f o und i n  c e l l s g r o wn o n  

e i t h e r  D-g l u c o s e  o r  g l yc e r o l  ( Ta b l e  VI I ) .  E n z yme 

a c t i v i ty wa s r e pr e s s e d i n  t h e  w i l d  type c e l l s wh e n  t h e y  

we r e  g r o w i ng o n  med i a  c o nta i n i ng b o t h  D-g l uc o s e  a nd D -

x y l o s e . Mutant s ,  d e f e c t i ve i n  h e x o k i na s e  A ,  e x h i b i t ed 

a l mo s t  as muc h  a c t i v i t y whe n  gr o wn in t h e  s ug a r  mi x t u r e  as 

w he n  c u l t u r e d  o n  D - x y l o s e  a l o n e . T h u s  r e pr e s s i o n of  t h e s e  

two e n zyme s wa s r e l e a s e d . 

d e f e c t i ve i n  t h e  g l uc o k i na s e , 

S t r a i n  P 5 1 0 - 5 A ,  a l t h o ugh 

s t i l l  ma i nta i ne d  an a c t i ve 

h e x o k i na s e  A ( F i g u r e  1 7 ) .  

x y l i t o l  d e hydr o g e na s e  

Muc h l o we r  xyl o s e  r e d u c ta s e  and 

a c t i v i t i e s we r e  f o und i n  D -

g l uc o s e / xyl o s e  g r o wn c e l l s  o f  t h i s  s t ra i n  c o mpa r e d  t o  D-
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x yl o s e  g r o wn ce l l s ( Ta b l e  VI I ) .  H e n c e  i t  a p p e a r ed t h a t  i n  

t h i s  s t r a i n  D-g l u c o s e  r e p r e s s i o n o f  t h e s e  t wo e n z yme s 

s t i l l  o p e r a t e d . The ' e o - ut i l i sa t i o n '  o f  D - g l u c o s e  w i t h  D ­

xyl o s e  wh i c h  wa s o b s e r ved w i t h  mu t a n t s  P 5 0 9 - 3 C ,  P 5 0 9 - 1 B  a nd 

D / X  A ,  p r e s uma b l y  o c c u r r e d b e c a u s e  g l u c o s e  r e pr e s s i o n  n o  

l o nge r a c t e d  o n  the D - xyl o s e  c a t a b o l i c pa thwa y  e n z yme s . 

Th e r e  i s  ac cumu l a t i ng e v i d e nc e  t o  a s s i gn a r o l e  o f  t h e  P I I  

h e x o k i na s e  o f  Saccharomyces cere v i s i a e  i n  c a t a b o l i t e  

r e p r e s s i o n .  S e ve r a l  c l a s s e s  o f  mut a n t s , d e f e c t i ve i n  

g l uc o s e  r e p r e s s i o n ,  have b e e n  i s o l a t e d  ( Z i mme r ma n n  & 

S c he e l ,  1 9 7 7 ) .  The f i r s t  c l a s s  ca l l e d  h e x 1  s h o we d  r e d uc e d  

h e x o k i na s e  a c t i v i t y ,  D-g l uc o s e - p h o s p h o r y l a t i ng a c t i v i t y wa s 

r e d u c e d  by 5 0 - 6 0 % ( Ent i a n  e t  a l . ,  1 9 7 7 ;  Ent i a n  & 

Z i mme r mann , 1 9 8 0 ) . The s e  mu ta n t s  we r e  n o  l o nge r g l uc o s e  

r e p r e s s i b l e  f o r  i nve r ta s e  and ma l t a s e  and o n l y  pa r t i a l l y 

r e p r e s s i b l e  f o r  ma l a t e  d e hyd r o g e n a s e  a nd t h e  r e s p i r a t o r y  

e n zyme s ( Ent i a n  e t  a l . ,  1 9 7 7 ) .  T h e  muta t i o n r e s p o n s i b l e  

f o r  l o s s  o f  catabo l i t e  r e pr e s s i o n wa s f o u nd t o  be a l l e l i c 

t o  t h e  s t r u c t ur a l  g e n e  f o r h e x o k i na s e  P I I  ( HXK 2 ) ( En t i a n ,  

1 9 8 0 ) . Fur the r g e ne t i c  and b i o c he m i c a l  e v i de nc e  s up p o r t e d  

t he i nvo lveme n t  o f  t h e  P I I i s o e n zyme w i t h  c a t a b o l i t e  

r e p r e s s i o n  ( Ent i a n , 1 9 8 0 ;  E n t i a n  & Mec k e , 1 9 8 2 ) . Ge l 

e l e c t r o p h o r e s i s  o f  c r ude e x t r a c t s  d e mo n s t r a t e d  t ha t  t h e  P I I  

i s o e n zyme wa s a bs e nc e  i n  the h e x 1  mu ta n t . G e ne t i c  c r o s s e s  

b e t we e n  t h e  mut ant a nd t h e  w i l d  type c o n f i r med t hat t he 

i na c t i ve P I I  i s o e n zyme and the d e f e c t  i n  c a r b o n  c a t a b o l i t e 

r e pr e s s i o n a l ways e o - s e gr e g a t e d . ( Ent i a n & Me c k e , 1 9 8 2 ) .  

A s e c o nd c l a s s  o f  mu tants d e s i g na t e d  hex 2 ,  had e l e va t e d  

P I I i s o e n z yme a c t i v i t y d u e  t o  i n c r e a s e d  s ynt h e s i s  ( Ent i a n & 
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Z i mmer mann , 1 9 8 0 ) .  The s e  mutants we r e  n o  l o nge r  s u b j e c t  t o  

c a r b o n  catabo l i t e  r e pr e s s i o n . The muta t i o n r e s p o ns i b l e  wa s 

s ho wn t o  b e  a r e gu l a t o r y  mut a t i on i n  a n  a l l e l e  c ontr o l l i ng 

h e x o k i na s e  P I I ,  the syn t h e s i s o f  g l u c o s e - r e pr e s s i b l e 

e nz ymes a nd ma l t o s e  u pt a k e  ( Ent i a n ,  1 9 8 1 ) .  

An o t h e r  c la s s  o f  mutants we r e  d e f e c t i ve i n  the C� T 8 0  ge ne 

a nd s h owed norma l  P I I  a c t i v i t y ( Ent i an & Z i mme r mann , 1 9 8 0 ) 

b u t  we r e  d e f e c t i ve i n  r e pr e s s i o n o f  i nve r ta s e , 

ma l a t e  d e hydr og e na s e  ( Z i mme rmann & S c h e e l ,  

ma l ta s e  a nd 

1 9 7 7 ) . A 

f unct i ona l C� T 8 0  gene was f o und n e c e s s a r y  f o r  i nc r e a s e d  

P I I synth e s i s  i n  t h e  hex 2 mut a n t s  ( Ent i a n  & Z i mme r mann 

1 9 8 2 ) ,  i nd i ca t i ng that the C � T 8 0  gene i s  a n o t h e r  

r e g u l a t o r y  e l emen t  i nv o lved i n  P I I s ynthe s i s .  

E n t i a n  ( 19 8 1 ) a nd Ent i a n  & M e c k e  ( 19 8 2 ) have p o s t u l a t e d  

t h a t  h e xo k i na s e  P I I i s  t he ' r e c o gn i t i on s i t e ' o f  g l u c o s e  

r e pr e s s i on wh i c h  g i ve s t h e  t r i gge r i ng s i gna l . Th i s  e nz yme 

may b e  b i - f unct i ona l w i t h  b o t h  a cata lyt i c  s i t e  a nd a 

r e gu l a t o r y  d oma i n  ( Ent i a n  & F r oh l i ch ,  1 9 8 4 ;  Ent i a n  e t  al . ,  

1 9 8 5 } . Mutants w i t h  d e f ec t s  i n  h e x o k i na s e  P I I ( hx k l r ) 

have b e e n  i s o la t e d  wh i c h  we r e  n o t  s ub j e c t t o  g l u c o s e ­

r e pr e s s i o n  but s t i l l r e ta i ne d  e nzyme a c t i v i ty ( Ent i a n  & 

F r o h l i ch ,  1 9 8 4 ) . A mod i f i e d  h e x o k i na s e  P I I  i s oe n z yme , 

P I I M ,  ha s b e e n  i s o la t e d  a nd c h a r a ct e r i s e d  ( K o pe t z k i & 

E n t i a n ,  1 9 8 5 )  a nd p r e s umab l y  i s  i nvo lved i n  c a ta bo l i te 

r e pr e ss i on .  The i nt r oduct i on o f  n u l l  mut a t i ons i n t o  t he 

P I I  g e n e  ( HXK2 ) ha s b e e n  s h o wn t o  a bo l i s h  g l uc o s e  

r e pr e ss i on i n  t h r e e  syst e ms e xamined ; the SUC 2 g e ne 

e nc o d i ng i nve r ta s e , the CYC l g e ne f o r  i s o - 1 -c yt ochr ome c 
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a n d  GRL 1 0  cod i ng f o r  a n  e p i me r a s e  i n  t h e  ga l ac t o s e ­

me ta b o l i s i ng pat hway ( H o ng & B o t s t e i n ,  1 9 8 6 ) . 

T h e  c o mp l e t e  r o l e  o f  t h e  P I I h e x o k i na s e  i n  g l u c o s e  

r e pr e s s i o n  ha s ye t t o  b e  e l u c i da t e d  a nd may b e  mo r e  c o mp l e x  

t ha n  e x p e c t e d . Whe n  D - xy l o s e  wa s add e d  t o  S .  cerev i s i a e  

c e l l s i n  a c h e mo s ta t ,  a l o s s  o f  9 8 % h e x o k i na s e  P I I  a n d  5 0 %  

o f  t h e  P I  i s o e n zyme o c c u r r e d  ( Fe r na nd e z  e t.  a l . ,  1 9 8 4 ) . 

S i mu l ta n e o u s l y ,  

a l . ( 1 9 8 7 ) 

i nv e r t a s e  wa s d e r e p r e s s e d . Fe r nand e z  e t  

c o n c l ud e d  t h a t  t h e  D - xy l o s e  i nd uc e d  

p h o s p h o r yla t i o n o f  t h e  P I I h e x o k i na s e  r e s po n s i b l e  f o r  t h e  

l o s s  o f  a c t i v i t y ,  p r o d u c e d  a c o n f o r ma t i o na l c h a n g e  i n  t h e  

e n zyme wh i c h  ma y i nd i r e c t l y  a c t  a s  t h e  t r i gge r i ng s i g na l 

f o r  d e r e pr e s s i o n . A g e n e  ( SN F 1 ) c o d i ng f o r  a pr o t e i n  

k i na s e  has b e e n  f o und n e c c e s s a r y  f o r  t h e  e xp r e s s i o n o f  

g l uc o s e - r e pr e s s i b l e  g e n e s  s uc h  a s  SUC 2 ( i n ve r ta s e ) ( Ce l e nz a  

& Car l s o n ,  1 9 8 6 ) . Th i s  g e n e  wa s s h o wn t o  be t h e  s a me a s  

t h e  CCR 1 g e n e  ( C i r i a c y ,  1 9 7 7 ) . M u t a n t s  d e f e ct i ve i n  t h e  

CCR 1 g e ne we re d e f e c t i ve i n  d e r e p r e s s i o n o f  i s o c i t r a t e  

l ya s e ,  f r uc t o s e - 1 , 6 -d i ph o s p hata s e , a l c o h o l d e hyd r o g e na s e  I I  

a n d  p o s s i b l y  cyt o p l a s m i c ma l a t e  d e hyd r o g e na s e  ( C i r i a c y ,  

1 9 7 7 ) . S i nc e  t h i s  g e n e  c o d e s  f o r a pr o t e i n  k i na s e ,  i t  ha s 

be e n  s ugge s t ed that p r o t e i n  p h o s p h o r y l a t i o n i s  i mp o r ta n t  

i n  r e g u l at i o n o f  g e n e  e x pr e s s i o n b y  c a r b o n  cata b o l i t e  

r e p r e s s i o n  i n  ye a s t  ( Ce l e n za & Ca r l s o n ,  1 9 8 6 ) . 

T h e  r e s u l t s  f r om e nyzme as s a ys c o n d u c t e d  i n  t h i s  s t u d y  

s ug g e s t e d  that , i n  P .  t a n n oph i l us ,  h e x o k i na s e  A m i gh t  a l s o  

p l a y  a r o l e  i n  cata b o l i t e r e p r e s s i o n .  Mu t a n t s  d e f e ct i ve i n  

t h e  c a t a l yt i c  a c t i v i t y o f  t h i s  e n zyme we r e  n o  l o nge r 

s u b j e c t  t o  D - g l u c o s e  r e pr e s s i o n o f  e i t h e r  xy l o s e  r e d u c t a s e  
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o r  xyl i t o l  d e hyd r oge na s e . The h e x o k i na s e  A i s oe n z yme has 

s i m i lar k i ne t i c  p r o pe r t i e s t o  the P I I  i s oe nzyme f r om S ,  

ce�e v i s i ae a s  d i s cu s s e d  p r e v i ous l y  a nd wou l d  appear t o  a l s o  

have ana l ogous f unct i o ns . 

B o t h  the P I  ( Ent i a n  e t  a l , ,  1 9 8 4 ;  K o pe t z k i e t  a l . ,  1 9 8 5 ;  

S ta c h e l e k  e t  a l , 1 9 8 6 ) a n d  the P I I  hexok i na s e  ge n e s  ( En t i a n  

e t  a l . ,  1 9 8 5 ;  Fr ohl i c h  e t  a l . ,  1 9 8 4 ,  1 9 8 5 ;  S ta c h e l e k  e t  

a l . ,  1 9 8 6 ) f r om Saccha�omyces ce�e v is iae have b e e n  c l oned 

a nd s e quenced . A f u r t h e r  e xt e n s i on o f  t h i s  s e c t i on o f  t h e  

wo r k  i n  t h i s  t he s i s  mi ght be t o  c l on e  t h e  h e x o k i na s e  A 

g e ne a nd obta i n  s e qu e n c e  d a ta , wh i c h then c o u ld b e  c ompa r e d  

w i th t h e  P I  a nd P I !  s e quence s . E l uc i da t i on o f  DNA 

s e q u e nc e s  e s s e nt i a l  f or the r e gu l a t or y  r o l e  o f  h e x o k i na s e  A 

i n  catabo l i te r e p r e s s i o n m i ght be poss i b l e . 

5 .  TRANS F ORMAT I ON OF P .  T �NNOPH ILUS 

T e c hn i ques have b e e n  r e c e n t l y  d e ve l op e d  f o r  t h e  

t ra n s f or ma t i on o f  yea s t  wh i ch d o  n o t  n e ce s s i ta t e  t h e  n e e d  

t o  s phae r op l a s t  ( I i mu r a  e t  a l , ,  1 9 8 3 ;  ! t o et a l . ,  1 9 8 3 ;  

K l e b e  e t  a l . ,  1 9 8 3 ;  B r o k e r  e t  a l . ,  1 9 8 7 ) . The D / X  A 

mutant , d e f e c t i ve i n  a l l  thr e e  h e x o s e - ATP - k i na s e s ,  wa s 

s e l e ct e d  a s  a s u i ta b l e  s t r a i n  f or trans f o r mat i on w i t h  t he 

Y R p 7  p l a s m i d  c a r r y i n g  t h e  c l oned P I I  hexok i na s e  g e ne . 

T h i s  p l a s m i d  has the bacte r i a l  p BR 3 2 2  amp i c i l l i n  r e s i s tance 

g e ne and the yea s t  T R P l  g e ne a nd �RSl s e quence . 

T h e  a t te mp t s  t o  t r a ns f or m  Pachyso l en tan n o p h i l as w i t h  t h i s  

p l a smid s uc c e e d e d  a t  a l ow f r e quency ( Re s u l ts S e c t i o n 7 ) . 

E x p o s ur e  o f  the c e l l s  t o  L i C l  f or 2 1 /2 hr gave b e t t e r  
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y i e l d s  c o mpa r e d  t o  e xp o s u r e  f o r  1 h r . M o r e  e x pe r i me n t a t i on 

wi t h  t h e  c o nd i t i o n s  f o r  t r a ns f o r ma t i o n i s  r e q u i r e d  t o  

ma x i m i s e  t h e  y i e ld o f  t r a n s f o r ma n t s . The u s e  o f  mor e 

h i g h l y  pur i f i e d  DNA o r  o t h e r  p l a s m i d s  ma y a l s o  g i ve 

i mpr o v e d  t r a n s f or ma t i o n f r e qu e nc i e s . H o weve r t h i s  me t hod 

f o r  the t r a n s f o r ma t i o n of P .  tan n op h i l u.s l o o k s  pr omi s i ng . 

S uc c e s s f u l  t r a n s f o r ma t i o n wa s s up p o r t e d  by b o t h  g e n e t i c  a nd 

b i o c h e m i c a l  e v i d e nc e . Al l t r a ns f o r ma n t s  o b ta i n e d  c o u ld 

g r o w  o n  D - f r uc t o s e a nd D -ma n n o s e  a s  we l l  a s  D -g l uc o s e  

( Re s u l t s S e c t i o n  7 ) ,  gr o wt h  be i ng mo r e  r a p i d  o n  D - f r u c t o s e  

a n d  D -g l uc o s e . Th i s  wa s t h e  e x p e c t e d  pa t t e r n  o f  gr owt h i f  

t h e  P I I i s o e n zyme wa s p r e s e n t  w i th i n  t h e  c e l l s . O n e  c l a s s  

p l a s m i d  

l o s t . 

o f  t r a n s f o r mant wa s u n s ta b l e ; i nh e r i ta n c e  o f  t h e  

a n d  t h e  a b i l i t y t o  g r o w  o n  D - g l u c o s e  wa s r e ad i l y 

I ns ta b i l i ty o f  t h e  p l a s m i d  may a l s o  e x p l a i n  t h e  r e l a t i ve l y  

s l o w  g r o wth o f  the t r a n s f o rma nt s  o n  t h e  h e x o s e  s u g a r s . A 

s e c o nd c l a s s  wa s s t a b l e  and may have ar i s e n  by i nt e g r a t i o n 

o f  t h e  p l a s m i d  i n t o  the g e n o me . 

c o n f i r me d  by the pr e s e nc e  o f  p l a s m i d  

g e l f o l l o w i ng e x t r ac t i o n o f  DNA 

T r a n s f o r ma t i o n  wa s 

b a n d s  o n  an 

f r om two 

a g a r o s e  

o f  the 

t r a n s f o r man t s . Th i s  DNA wa s i s o la t e d  u s i n g t h e  c o nve n i e n t  

r a p i d  b o i l i n g me thod o f  Ho l me s  & Q u i g l e y  ( 1 9 8 1 ) , a f t e r the 

c e l l s had b e e n  s pha e r o p l a s t e d . DNA f r om o n e  of  the 

t r a ns f o r ma n t s  wa s then us e d  t o  t r a n s f o r m  £ ,  co l i t o  

amp i c i l l i n r e s i s t a n c e , w i t h  s u b s e qu e nt i s o l a t i o n o f  p l a s m i d  

DNA . Th i s  DNA s h o we d  b o t h  i d e n t i c a l  mo b i l i t y  w i t h  t he 

Y R p/HXK 2 - 8  p l a s m i d  u s e d  i n  t he i n i t i a l  t r a n s f o r ma t i o n  o f  

P .  tann oph i l us a n d  t h e  e x pe c t e d  r e s t r i c t i o n  pa t t e r n  

w i t h  EcoR I ( P l a t e  1 0 ) .  
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C h r oma t og r a p h y  o f  c e l l - f r e e  e xt r a c t s  f r om t h e  yea s t  t r a n s ­

f o r ma n t s  r evea l e d  t h e  pr e s e nc e  o f  a s i n g l e  h e x o k i na s e  w i t h  

a 1 . 2 / 1 . 0  F/G ra t i o  ( F i gu r e  2 9 ) .  Th i s  va l u e  wa s w i th i n  

t he r a n g e  o f  1 . 2 - 1 . 5  r e po r t e d  f or t h e  P I I h e x o k i na s e  

( E n t i a n  & Me c k e , 1 9 8 2 ;  Fro h l i ch e t  a l . ,  1 9 8 4 ) .  The 

a c t i v i ty o f  t h e  e n zyme on e a c h  s ub s t r a t e  c o r r e l a t e d  wi t h  

t he gr owth o f  t h e  t r a n s f o rma n t s  o n  t h e  h e x o s e  s uga r s . 

T h e r e  wa s s ome e v i d e nc e  f o r c a t a b o l i t e  r e pr e s s i o n i n  t h e  

t r a n s f orma n t s  as t h e  c o n s e q u e n c e  o f  t h e  p r e s e nc e  o f  t h e  P I I 

i s oe n z yme w i t h i n  t h e  c e l l s . The u t i l i s a t i on o f  D - xyl o s e  i n  

a D - g l uc o s e / D -xyl o s e  mi x t u r e  wa s s l o we r  t h a n  t h e  r a t e  o f  D ­

xyl o s e  ut i l i sat i o n whe n  p r e s e nt a s  a s o l e  c a r b o n  s o u r c e  

( F i g u r e  2 8 ) .  T h i s  ma y be d ue t o  g l uc o s e  r e p r e s s i o n o f  t h e  

xyl o s e  pathwa y  e nzyme s . 

6 .  ALTERNAT I VE PATHWAY FOR GLUCOS E  UT I L I S AT I ON 

T h e  c o mp l e t e  e l i mi nat i o n o f  a l l  h e x o s e - ph o s ph o r y l a t i ng 

a c t i v i ty wa s e x p e c ted to r e s u l t  i n  a s t ra i n  una b l e  t o  

u t i l i s e D - g l u c o s e  i n  a m i xt u r e  o f  D - g l u c o s e  a nd D - x y l o s e , 

wh i l s t  r e ta i n i n g  f e r me n ta t i ve a b i l i t y o n  D - xy l o s e . The 

s t r a i n  D / X  A wa s d e f e c t i ve i n  a l l  t hr e e  e n z yme s but 

s u pr i s i ng l y  b o t h  t h i s  s t ra i n  and i t s d e r i va t i ve F/G 2 c o u l d 

u t i l i s e  D - g l u c o s e . A s l ow conve r s i on o f  D - g l u c o s e  t o  D -

f r uc t o s e  wa s appar e n t  i n  med i a  i n o c u l a t e d  a t  t h e  h i g h e r  

c e l l  d e n s i ty ( F i g u r e  1 5 ) . The D - g l u c o s e  c o ns umpt i o n by 

b o t h  s t ra i ns d i d not s u pp o r t  c e l l u l a r  gr owt h  and n o  e t h a n o l  

wa s p r o d u c e d . T he r e f o r e  i t  wa s u n l i k e l y t h a t  c a t a b o l i s m o f  

t h e  D - g l uc o s e  a s  s u ch o c c u r r e d . T h e  r a t e  o f  c o nve r s i o n o f  
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D -g l uc o s e  t o  D - f r u c t o s e  by b o t h  s t r a i ns wa s s l ow .  An e ve n  

s l o we r  r a t e  o f  c o nve r s i o n wa s s ho wn by t he s e  s t ra i ns whe n  

t h e  c e l l s we r e  p r e - c u l t u r ed o n  g l yc e r o l  i ns t e a d  o f  D - x y l o s e  

( Pa u l  B i c h o , p e r s o na l  c o mmu n i ca t i o n ) . 

A p o s s i b l e  pat h wa y  f or t h e  c o n ve r s i o n o f  D - g l uc o s e  t o  D ­

f r uc t o s e  b y  the s e  s t r a i ns i s  s umma r i s ed i n  F i g u r e  3 3 . By 

t h i s  pathway , 

c a ta l ys e d  b y  

t h e  D - g l uc o s e  i s  

xyl o s e  r e d u c ta s e , 

r ed u c e d  t o  D - s o r b i t o l , 

and t h e  D - s o r b i t o l  

c a t a l ys ed b y  xyl i t o l  s u bs e q u e n t l y  o x i d i s e d  t o  D - f r u c t o s e , 

d e hyd r o g e na s e . B o t h  e n zyme s a r e  k n o wn t o  have br oad 

s u b s t r a t e  

r e d uc t a s e  

s pe c i f i c i t i e s . The NADP H 

i n  Pachyso l en tan n o ph i l us ,  

s p e c i f i c  

i n  add i t i o n 

xy l o s e  

t o  D -

x y l o s e , c a n  u s e  L - g l yc e ra l d e h yd e , L -a r a b i n o s e , D - r i b o s e , 

( D i t ze lmu l l e r , 1 9 8 4 a ;  M o r i mo t o , 1 9 8 7 ) a n d  D - e r yt h r o s e , 2 -

d e oxy- D - g l uc o s e ,  p r o p i ona l d e hyd e , 

va l e r a l d e hyd e ( Mo r i mo t o , 1 9 8 7 ) .  

D - g l yc e r a l d e hyd e , 

A l owe r l e ve l o f  

a c t i v i ty wa s f ound w i t h  s e ve r a l  o t h e r  s ub s t r a t e s  i nc l ud i n g  

D - g l u c o s e ,  D-ma n n o s e  a nd D - ga l a c t o s e  

T h e  NAD s pe c i f i c xyl i t o l  d e hyd r o g e na s e , 

( Mo r i mo t o ,  1 9 8 7 ) . 

i n  add i t i o n t o  

x y l i t o l ,  u s e d  D - s o r b i t o l  ( D i t z e lmu l l e r ,  1 9 8 4 b ;  Mor i mo t o , 

1 9 8 7 ) and r i b i t o l  ( Mo r i mo t o , 1 9 8 7 ) .  

I n  t h i s  s t udy , o n l y  ve r y  l o w  x y l o s e  r e d uc ta s e  a c t i v i t y wa s 

f o und w i t h  D - g l u c o s e  a s  s u b s t r a t e . H o we v e r  D - s o r b i t o l  wa s 

f o und t o  be a g o o d  s u b s t r a t e  f o r xyl i t o l  d e hyd r og e na s e , 

w i t h  7 1 %  o f  t h e  a c t i v i ty mea s u r e d  w i t h  xyl i t o l . The 

r e q u i r e me n t  f o r D - xy l o s e  i nd u c t i o n o f  xyl o s e  r ed u c t a s e  and 

x y l i t o l  d e hydr o g e na s e  c o u l d  e x p l a i n  why t h e r e  wa s p o o r  

c o nve r s i o n o f  D - g l u c o s e  t o  D - f r u c t o s e  by D I X  A a nd F / G  2 
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F i g . 3 3  P r o p o s e d  A l t e r na t i ve P a t h wa y  f o r D -g l uc o s e  
Ut i l i s a t i o n i n  Pachyso l en t. a n n op h i l o.s 

Xyl o s e  
Reduc t a s e  

D - S OR B I TOL 

Xyl i t o l  
De hyd r o g e n a s e  NAD 

NADH 

NAD P 

D - GL UCO S E  

H e xo k i na s e  A & B 
NADPH 

G l uc o k i na s e  

D - GL UCOS E - 6 - P HO S PH ATE 

P h o s p h og l u c o s e  
i s ome r a s e  

H e x o k i na s e  A & B 

D -FRUCTO S E  

----��� K n own pat hwa y  

A l t e r nat i ve pa t hway 

D -FRUCT O S E - 6 -PHOS P H ATE 
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whe n  t h e  c e l l s  we r e  pr e c u l t ur ed i n  g lyce r o l ,  s i n c e  g l yc e r o l  

d i d n o t  i nd u c e  t h e s e  e n zyme s . 

T h e  r e s u l t s  o f  e xp e r i me nt s  w i t h  c e l l - f r e e  e x t r a c t s  

s ug g e s t e d  t ha t  a c o nve r s i o n  o f  D - s o r b i t o l  t o  D - f r uc t o s e  

c o u l d  o c c u r  i n  t h e  c e l l . Ove r ha l f  o f  t h e  D - s o r b i t o l wa s 

c o nve r t e d  to D - f r uc t o s e  w i t h i n  2 4  h r  ( P la t e  1 3 ) .  T h i s  

c o nve r s i on r e qu i r e d t he p r e s e nc e  o f  NAD . The i nc o mp l e t e 

c o nve r s i o n ma y be a c o ns e qu e n c e  o f  t h e  k i ne t i c  p r o pe r t i e s  

o f  x y l i t o l  de hyd r o g e n a s e ,  t he r e ve r s e  r e a c t i o n  o f  D ­

xyl u l o s e  r e duct i o n  t o  xyl i t o l  be i ng f a v o u r e d  at p H  7 . 0  

( D i t z e l mu l l e r  e t  a l . ,  1 9 8 4 b ) . T h e  i nc r e a s e  i n  t h e  

' ca t a bo l i c  r e d uc t i o n ' c ha r ge ( NAD H/NAD + NAD H ) wh i c h  wo u l d 

o c c u r  i n  t h e  r e a c t i o n m i x t u r e  c o u ld a l s o  s h i f t  t h e  

e qu i l i br i um i n  favour o f  D - s o r b i t o l . 

f o l l owed t h e  c o nve r s i o n  o f  D - x y l o s e , 

B o l e n  & D e t r oy ( 1 9 8 5 ) 

L -a r a b i n o s e  o r  D -

g a l a c t o s e  w i t h  i n  v i tro c e l l - f r e e  e x t r a c t s  by HPLC . The 

p r o d u c t  of NADP H - l i n k e d  xyl o s e  r e d u c t a s e  a c t i v i ty wi t h  D ­

x y l o s e  a s  the s u bs t r a t e  wa s d e mo n s t r a t e d  t o  b e  xyl i t o l . 

I nd e pe nd e nt c o n f i r ma t i o n o f  xyl i t o l  a s  t h e  p r od uct wa s 

obta i ned by c a p i l l a r y  ga s - l i qu i d c h r oma t o g r a p h y  o f  

a c e t y l a t e d  i n  v i tro sampl e s . I d e nt i f i ca t i o n o f  t h e  

pr o d u c ts o f  the i n  v i tro r e a c t i o n m i x t u r e s  i n  t h i s  s t udy 

r e l i e d o n  HPLC ana lys i s  a l o n e . 

A l t h o ugh D - s o r b i t o l  a nd D- f r u c t o s e  we r e  d e t e c t e d  i n  the 

c e l l - f r e e  e x t r a c t s  w i t h  D - g l u c o s e  as the s u b s t r a t e  ( P l a t e s  

1 1  & 1 2 ) ,  t h e  amo u n t  o f  c o n ve r s i o n wa s mi n i ma l . Th i s  ma y 

have b e e n  d u e  t o  t h e  l o w a c t i v i ty o f  NADP H -d e pe nd e n t  x y l o s e  

r e d uc ta s e  wi th D - g l u c o s e . I n t e r e s t i ng l y ,  D - f r u c t o s e  wa s 

o n l y  d e t e c ted wh e n  N ADP H a l o ne wa s p r e s e nt a s  t h e  c o f a c t o r 
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a nd n o t  whe n  NAD wa s add i t i ona l ly p r e s e nt . 

t h i s  wa s n o t  c l e a r . 

T h e  r e as o n  f o r  

I n  t h i s  s t ud y ,  t he r e  wa s s u f f i c i e n t  e v i d e nc e  t o  say t h a t  

t h e  pa t h wa y  o f  D - s o r b i t o l  ut i l i s a t i o n pa s s e s  t h r o u g h  D -

f r u c t o s e  a s  s h o wn i n  F i g u r e  3 3 . H o we ve r , i t  i s  l e s s  

c e r ta i n  whe t h e r  D-g l uc o s e  i s  c o nve r t e d  t o  D - s o r b i t o l  a s  a 

f i r s t  s t e p  i n  the c o n ve r s i o n o f  D - g l u c o s e  t o  D - f r uc t o s e  b y  

t h e  ' g l uc o s e - n e ga t i ve ' mu tants . T h i s  pa t h wa y ,  h o we ve r , 

r e ma i n s  a d i s t i nct p o s s i b i l i t y .  

C o nve r s i o n o f  D -s o r b i t o l  t o  D - f r uc t o s e  a p pe a r s  t o  be t h e  

f i r s t  s t e p  i n  t h e  cata b o l i s m o f  t h i s  c a r b o n  s o u r c e . T h e  

i nvo l ve me n t  o f  xyl i t o l  d e hyd r o g e n a s e  i n  c a t a l ys i s  o f  t h i s  

r e a c t i o n wa s s u p p o r t e d  by t h e  o b s e r va t i o n t h a t  t h e  mut a n t  

P 5 2 - 1 C  c o u l d  n o t  g r o w  o n  D - s o r b i t o l . T h i s  mu tant wa s 

d e f e c t i ve i n  t h e  x y l i t o l  d e hyd r o g e na s e  e n zyme and wa s 

u na b l e  t o  g r o w  o n  D - xyl o s e , a l t h o u g h  capa b l e  o f  n o r ma l  

g r o w t h  o n  D - g l u c o s e . Mutant s ,  d e f e c t i ve i n  a l l  t hr e e  

h e x o s e - p h o s p h o r y l at i n g e n z yme s ,  had a l s o  l o s t  t he a b i l i t y  

t o  g r o w  o n  D - s o r b i t o l . Al t h o u g h  t h e  D - s o r b i t o l  c o u l d  b e  

c o nve r t e d  to D - f r uc t o s e  b y  t h e s e  s t r a i ns , s u b s e q u e n t  

me t a b o l i s m o f  t h e  D - f r u c t o s e  wa s b l o c k e d  b y  t h e  l e s i o n s  

w i t h i n  t he two h e x o k i na s e  g e n e s . T h i s  c o u l d  e x p l a i n  t h e  

r e a s o n  why ,  w h e n  t h e  g l u c o s e - n e ga t i ve s t r a i n s  D / X  A and F / G  

2 we r e  g r o wn o n  D - g l uc o s e , D - f r uc t o s e  a c c umu l a t e d  i n  t h e  

me d i um .  N o  D - s o r b i t o l  wa s eve r d e t e c t e d  i n  t h e  med i a ,  

wh i c h wa s n o t  s u r p r i s i n g ,  s i nc e  D- s o r b i t o l  wa s r e ad i l y 

c o nve r t e d t o  D - f r u c t o s e  b y  t h e  NAD- l i nk e d xyl i t o l  

d e h yd r o g e na s e . 
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7 .  S TRAI N I MPROVEMENT OF P .  T RNNOPH I L US B Y  MUTAGENE S I S  AND 
H Y BR I D I S AT I ON 

A s e r i e s  o f  muta t i o n s  have b e e n  i nt r od u c e d  i nt o  Pachys o l en 

t a n n o p h i l as ,  thr e e  o f  wh i c h  have b e e n  s h o wn t o  a f f e c t  the 

h e x o k i na s e  and g l uc o k i na s e  e n z yme s ,  r e s u l t i ng i n  a g l u c o s e -

n e ga t i ve phe n o type . M i n i ma l  d e l e t e r i o u s  e f f e c t s  o n  D-

x yl o s e  u t i l i sa t i o n we r e  a p p a r e n t ; i n  s ome c a s e s  e t ha n o l  

p r od uc t i o n a nd y i e ld s  we r e  e nh a n c e d  r a t h e r  t han d i mi n i s hed 

( Ta b l e  X I I I ) .  

E t ha n o l  p r od uct i o n and y i e l d s  b y  mut a n t s  D / X  A a nd F / G  2 

we r e  g o od i n  c o mpa r i s o n  t o  t h e  w i l d  type s t ra i n  ( Ta b l e  

X I I I ) .  E t ha n o l  y i e l d s  we r e  h i gh e r  i n  YEP med i um c ompa r ed 

t o  YNB me d i um .  Yea s t  e x t r a c t  i s  k n o wn t o  e l e va t e  s p e c i f i c 

g r owth r a t e s  i n  Pachys o l en t a n n oph i l as ( De l l weg e t  a l . ,  

1 9 8 4 ) a nd ma y i mpr ove e t ha n o l  y i e ld s . Wi l d  type y i e l d s  i n  

YEP - x y l o s e  we r e  c ompa r a b l e  t o  t h o s e  d e t e r m i n e d  a t  t h e  

F o r e s t  R e s e a r c h  I ns t i t u t e  ( C l a r k  e t.  a l . ,  1 9 8 6 ) ,  w i t h y i e ld s  

o f  0 . 1 6 g ( g  D - xy l o s e  c o n s umed ) - 1 i n  YEP - x y l o s e  med i um .  

Cu l t u r a l  c o nd i t i o ns e mp l oyed we r e  s i m i l a r  t o  t h o s e  u s e d  i n  

t h i s  s t u d y ,  a l t h o u g h  t he ce l l s  we r e  i n o c u l a t e d  i nt o  t he 

me d i um at a h i ghe r d e ns i t y .  Und e r  t h e s e  c o nd i t i o ns , t h e  

b e s t  muta n t s , N03 -N03 - 4  a nd s e ve r a l  o f  t h e  P 7 2 7  s e g r e g a n t s , 

p r o d u c e d  up t o  6 . 5  g l - 1  e t ha n o l  w i t h a y i e l d o f  0 . 3 5 g 

e t ha n o l ( g  D - xyl o s e  c o n s ume d ) - 1 • M o r e  r e c e n t  s t ud i e s  have 

f o und e v e n  h i gh e r  e t ha n o l y i e l d s  f r om D - x y l o s e  f o r  the 

P 7 2 7  s e g r e ga n t s , p a r t i cu l a r l y  P 7 2 7 - 9 B  ( Pa u l  B i c h o ,  pe r s o n a l  

c o mmu n i ca t i o n ) . 
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I n  t h i s  s t udy ,  t h e  mu t a n t  F / G  2 p r o d u c e d  a ma x i mum e t ha n o l  

c o nc e nt r a t i on o f  4 . 7  g 1 - 1  w i t h a y i e ld o f  0 . 2 5 g g- 1 • T h i s  

wa s p r omi s i ng f o r  a s t r a i n  wh i ch wa s e s s e nt i a l l y h e x o s e ­

n e ga t i ve a nd c a pa b l e  o f  f e r me nt i ng D - xy l o s e  i n  t h e  pr e s e nc e  

o f  D -g l uc o s e . H i gh e r  y i e l d s  ma y be p o s s i b l e  by emp l oy i n g 

c e l l  r e cyc l i ng a nd u s i ng a h i gh e r  

i n o c u l a t i o n . 

c e l l  d e ns i t y  f or 

B y  e l i m i na t i ng a l l  he x o s e - p h o s p h o r yl a t i ng e n zyme s f r om 

Pachyso l en t.an n op h : U u.s ,  a s t r a i n ,  D/X A ,  wa s d e r i ved wh i c h 

wa s u na b l e  t o  me t a b o l i s e  D - g l uc o s e . T h i s  s t r a i n  c o u l d 

s l o w l y  c o nve r t  t h e  D -g l uc o s e  t o  D - f r u c t o s e  a s  d i s c us s e d 

a b ove . F e r me nt a t i o n t r i a l s  w i t h  t h i s  s t r a i n  i n  YNB med i a  

c o n t a i n i ng b o t h  D - g l u c o s e  a nd D - xyl o s e  a s  c a r bon s o u r c e s  

p r o v e d  d i s a p p o i nt i ng ( F i gu r e  1 1  a nd Ta b l e  X I I I ) .  A l t h o u g h  

u t i l i s a t i o n  o f  D - g l u c o s e  wa s s l ow, c o ns umpt i o n  o f  t h e  D -

x y l o s e  wa s i nh i b i t ed a nd n o  e t ha n o l  wa s p r oduced . A 

s i m i l a r  r e s u l t  wa s obta i n e d  w i t h  YEP - g l uc o s e / xyl o s e . The 

p r e s e nc e  o f  r e s i d ua l c a t a b o l i t e  r e pr e s s i o n on xyl o s e  

r e d uc t a s e  a nd xyl i t o l  d e hyd r o g e na s e  b y  t h e  D-g l uc o s e  

a pp e a r e d  u n l i k e l y i n  v i e w  o f  t h e  r e s u l t s  o f  a s says o n  t h e s e  

e n zyme s ( Re s u l t s S e c t i o n 5 ,  Ta b l e  VI I ) . A p o s s i b l e  

e x p l a na t i o n may be c ompe t i t i ve i nh i b i t i o n o f  D - x y l o s e  

u t i l i s a t i o n b y  D - g l u c o s e . T h i s  wo u l d  o c c u r  i f  D - g l u c o s e  

wa s c o nv e r ted t o  D - f r uc t o s e  b y  t h e  a l t e r na t i ve pat hwa y a s  

pr e v i o us l y d i s c u s s e d . As we l l  a s  s u b s t r a t e  c ompe t i t i o n f o r  

e n zyme , D - g l u c o s e  c o u l d  c ompe t e  w i t h  D - xy l o s e  f o r N ADP H ,  

wh i l e s o r b i t o l  c o u l d c o mp e t e  w i t h  x y l i t o l  f o r NAD . D ­

g l uc o s e  ma y a l s o  c ompe t e  w i t h  D - xyl o s e  f o r  t r a n s p o r t  i n t o  

t h e  c e l l . Al t e r na t i v e l y ,  D - g l uc o s e  ma y s t i l l  e xe r t  
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r e p r e s s i on o n  e n zyme s o t h e r  t ha n  x y l o s e  r ed u c ta s e  and 

x y l i t o l  d e hyd r o ge na s e  wh i c h  a r e  e s s e n t i a l  f o r  ut i l i s a t i o n 

a n d  f e r me ntat i o n o f  D - xyl o s e  

T h e  s e l e c t i o n  s c he me d e s c r i be d  i n  Ma te r i a l s  & M e t h o d s  1 1 . 2  

g e n e r a t e d  a s t r a i n  d e s i gn a t e d  F / G  2 ,  c a pa b l e  o f  

me t a b o l i s i ng D - xyl o s e  t o  e t ha n o l  i n  t h e  p r e s e nc e  o f  D ­

g l uc o s e ,  i n  YEP me d i a ( F i gu r e  3 2 ) .  D - g l uc o s e  wa s a l s o 

s l ow l y  c o n ve r t ed t o  D - f r u c t o s e . Th i s  mutant be haved 

d i s a p p o i nt i ng l y  i n  YNB - g l uc o s e /xyl o s e  ( F i gu r e  3 0 ) ;  

c o ns ump t i o n o f  the D - xyl o s e  c e a s i ng a f t e r  9 6  hr i nc u ba t i o n 

a nd l i tt l e  e t ha n o l  be i ng p r o d u c e d . A d i f f e r e nt s i t u a t i on 

o c c u r r ed i n  t h e  YEP - g l uc o s e / xy l o s e  med i um .  

u t i l i s at i o n o f  t h e  D - x y l o s e  o c c ur r ed a nd muc h  

Comp l e t e  

o f  t h e  

a p pa r e n t  ut i l i s a t i o n o f  D - g l uc o s e  wa s a c c o u nted f o r  by 

c o nv e r s i o n t o  D - f r uc t os e . E t ha n o l wa s p r o d u c e d  ( 4 . 1  g l - 1 ) 

w i t h a y i e l d o f  0 . 1 9 g g- 1 s ugar c o n s umed ( F i g u r e  3 2 ,  T a b l e  

X I I I ) .  S i n ce a l mos t a l l  o f  t h e  s ugar me ta b o l i s ed a t  t he 

p o i n t o f  ma x i mum e t ha n o l  c o nc e n t r a t i o n i n  t h e  med i um wa s D ­

x y l o s e , t he s e  va l ue s  f o r t h e  e t ha n o l i c  f e r me ntat i o n o f  D ­

xyl o s e  c a n  b e  v i e wed as i mpr oveme nt s  o ve r t he wi l d  type 

s t r a i n . Th i s  s t r a i n  o r  t he # 2 4  d e r i va t i ve ma y have 

p o t e n t i a l  use f o r  t he f e r me n ta t i o n of wo od hydr o l ys a t e s  

r i c h i n  pe n t o s e  s ugar s ,  

h a r d wo od s . 

s u c h  a s  t h o s e  d e r i ved f r om 

T h e  na t u r e  o f  t h e  muta t i o n i n  t h e  F/G 2 s t r a i n ,  d e s i gn a t e d  

a s  y ,  wh i c h  e na b l e d  c o mp l e t e  ut i l i s a t i o n o f  D - xyl o s e  i n  

YEP - g l u c o s e / xyl o s e  b u t  n o t  i n  Y N B -g l u c o s e / xy l o s e , i s  n o t  

k n own at pr e s e n t b u t  ma y be r e l a t e d  i n  s ome wa y t o  t he 

i n c l u s i o n o f  yea s t  e xt r a c t  i n  t h e  med i a . T h i s  mu t a n t  g r e w  
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s i m i l a r l y  o n  D - xy l o s e , D - g l u c o s e , D - f r u c t o s e  and D - ma n n o s e  

t o  t h e  pa r e n ta l  D / X  A s t ra i n . R e s i s ta n c e  t o  2 -

d e o xyg l uc o s e  wa s a l s o  s i m i l a r  t o  t h a t  s h own b y  t he D / X  A 

s t ra i n . 

8 .  F I NAL CONCLUS I ON S  

I n  t h i s  s t udy , t he c ha r a c t e r i s t i cs o f  2 -d e oxyg l u c o s e  

r e s i s ta n t  muta n t s  o f  

i nve s t i ga t e d  

p h o s p h o r y l at i ng 

and our 

e n z yme s 

Pachys o l en 

k no w l e d g e  

i n  t h i s  yea s t  

t a n n o p h i l as 

o f  t h e  

e x t e nd e d . 

we r e  

h e x o s e -

Th i s  

k n owl ed g e  i s  n e c c e s s a r y  i n  o rd e r  t o  i s o l at e  s u i t a b l y  

a l te r e d  s t r a i n s  c a pa b l e  o f  e f f i c i e n t  f e r me n ta t i o n o f  

pe n t o s e  suga r s  i n  t h e  pr e s e nc e  o f  h e x o se s . T h i s  i s  

e s pe c i a l l y t r u e  i n  v i e w  o f  t h e  i nvo l v e me nt o f  h e x o k i n a s e  A 

i n  c a t a bo l i t e  r e pr e s s i o n .  A mor e  c o mp l e t e  u nd e r s t a nd i ng 

o f  t h e  me c ha n i s m  o f  c a t a b o l i t e  r e p r e s s i o n  i s  e s s e n t i a l  to 

f u l l y  e x p l o i t  p e nt o s e - f e r me nt i ng ye a s t s  f or the 

f e rme n ta t i o n of  wo o d  hyd r o l ys a t e s , wh i ch c o nta i n  mi x t u r e s  

o f  p e n t o s e  a n d  h e x o s e  s uga r s . 

The a c qu i s i t i o n o f  r e s i s ta n c e  t o  2 -d e o xyg l u c o s e  i n  the 

mut a n t s  c o r r e l a t e d  w i t h  l o s s  of h e x o s e - ATP - k i na s e  a c t i v i ty .  

S t ra i ns r e s i s ta n t  t o  h i g h  c o n c e n t r a t i o n s  o f  t h e  a n a l ogue 

had l os t  v i r t ua l l y a l l  a c t i v i ty a nd we r e  u na b l e  to gr o w  on 

t h e  h e x o s e  s ug a r s . 

Pachyso l en tan n op h i l as wa s f o und t o  p os s e s s  t h r e e  h e x o s e -

p h o s p h o r y l a t i ng e n z yme s , h e x o k i na s e s  A a nd B ,  wi t h  F/G 

r a t i o s of 1 . 3 / 1 . 0  a nd 3 . 0 / 1 . 0  r e s pe c t i ve l y ,  a nd a D - g l u c o s e  
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s p e c i f i c g l u c o k i na s e . He x o k i na s e  B a n d  t he g l u c o k i na s e  

a p pe a r ed t o  b e  c o ns t i t ut i ve ,  wh i l e h e x o k i na s e  A wa s i nd uc e d  

b y  D - g l u c o s e . 

T h e  r e s u l t s o f  e n z yme a s s a ys f o r  xyl o s e  r e d uc t a s e  and 

xyl i t o l  d e h yd r o ge na s e  s ug g e s te d  that h e x o k i na s e  A ha s a 

r o l e i n  ca r bo n  c a t a b o l i te r e pr e s s i o n i n  a n  a na l o g o u s  ma n n e r  

t o  t h e  P I I  h e xo k i na s e  f r o m  Saccharomyces cerev i s i ae . 

H e x o k i na s e  A wa s pa r t i a l l y  p ur i f i e d  a nd s t ud i ed f ur t he r . 

B o t h  the F/G r a t i o  and t h e  k m  va l u e s  o f  t h e  e n z yme we r e  

s i m i l a r  t o  t h o s e  r e po r t e d  f o r t h e  P I I i s oe n z yme . The 

pu r i f i ed e n z yme wa s i na c t i va t e d  b y  D - x y l o s e  i n  t h e  pr e s e nc e  

o f  MgATP ; a p r o p e r t y  s ha r e d  w i t h  t h e  P I I h e x o k i na s e . 

A mu tant de f e c t i ve i n  a l l  t h r e e  h e x o s e - AT P - k i na s e s  wa s 

t r a ns f o r med w i t h  t he YRp/HXK 2 - 8  p l a s mi d . The g e n e  wa s 

e x p r e s s ed and h e x o k i na s e  a c t i v i ty d e mo n s t r a t ed w i t h i n  the 

c e l l .  P r e l i m i na r y  e x p e r i me nt s  s ugge s te d  t ha t  g l u c o s e  

r e p r e s s i o n o f  D - x y l o s e  ut i l i s a t i o n wa s r e s t o r e d  w i t h i n  t h e  

c e l l . 

A l t h o u g h  a mu tant d e f e ct i ve i n  t h e  two h e x o k i na s e s  a nd t he 

g l u c o k i na s e  wa s u na b l e  t o  ut i l i s e  D - g l uc o s e  a s  a s o l e 

c a r b o n  s o u r c e , D - xy l o s e  u t i l i s at i on wa s s e ve r e l y  i nh i b i t ed 

in the s uga r m i x t u r e s . Fur t h e r  mu t a n t s  c a pa b l e  o f  

r e l a t i ve l y  e f f i c i e n t  D - x y l o s e  f e r me n ta t i o n t o  e t ha n o l  i n  

t h e  p r e s e nce o f  D - g l uc o s e  we r e  s e l e c t e d  f o r . The g e ne t i c  

a n d  b i o c hemi ca l na t u r e  o f  t h e  muta t i o n r e s po n s i b l e  h a s  y e t  

t o  be d e t e r m i ned . 
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we re 

c a pa b l e  of  c o nv e r s i on o f  D - g l u c o s e  to D - f r uc t o s e . A 

p os s i b l e  pat hwa y  f o r  t h i s  c o nv e r s i o n wa s p r e s e nt e d . 

Two s u p e r i or e t ha n o l  p r o d u c i ng mut a n t s  we r e  hybr i d i s e d  and 

t h e  hybr i d s  mad e  a va i la b l e  f o r f e r me n ta t i o n t r i a l s  at the 

F o r e s t  R e s e a r c h  I ns t i t u t e , R o t o r ua . 

The ye a s t  Pachys o l en tan n oph i l as c a n  b e  r ea d i l y s ub j e c t e d  

t o  g e n e t i c  ma n i pu l ut i o n a nd t h u s  i s  a n  i d e a l  ye a s t  f o r  

f ur t h e r  s t udy i n  t h e  a r e a s  o f  h e x o s e  and p e n t o s e  me ta b o l i s m  

a nd c a t a b o l i t e  r e pr e s s i on .  Ma n y  o f  t h e  o r i g i na l  a i ms o f  

th i s  s t udy we r e  a c h i e ve d  a nd s e ve r a l  n e w  p o t e nt i a l  a ve n u e s  

f o r  f ut u r e  r e s e a r c h  we r e  d i s c ove r ed , wh i c h may l e ad t o  a 

g r e a t e r  und e r s ta nd i ng o f  t h e  i nt e r a c t i o n o f  h e x o s e and 

p e n t o s e  ut i l i s at i o n .  

N i n i l  Bon i S i n e  L abore 
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B I BL I OGRAP HY 

ADELMAN , R . C . , F . J .  BAL LARD a nd S .  WE I NHOUS E . 1 9 6 7 . 
P u r i f i ca t i o n and pr o pe r t i e s  o f  r a t  l i ve r  f r uc t o k i na s e . 
J .  B i o l . Che m . 2 4 2 : 3 3 6 0 - 3 3 6 5 . 

ALEXAN DER , N . J .  1 9 8 6 . Ace t o n e  
pr o d uc t i o n f r om D - xyl o s e  by 
App l . M i cr o b i a l . B i o t e c h n o l . 

s t i mu l a t i o n o f  e t h a n o l  
Pachys o l en tan n op h i l us .  
2 5 : 2 0 3 - 2 0 7 . 

ATK I N S O N , T . , P . M .  
S CAWEN , R . F .  
M . J .  HARVEY 
a f f i n i ty 
T r a n s a c t i o ns 

HAMMOND , R . D .  HAR T WELL ,  P .  HUGHES , M . D .  
S HERWO O D , D . A . P .  S MAL L , C . J .  BRUTON , 
a nd C . R .  L O WE . 1 9 8 1 . Tr i a z i ne -dye 
c hr oma t o gr a p h y . B i o c he m i ca l  S o c i e ty 

9 :  2 9 0 - 2 9 3 . 

BARNAR D ,  E . A . 1 9 7 5 . H e x o k i na s e s  f r om yea s t . In W . A .  W o o d  
( e d . ) ,  Me t h o d s  i n  Enzymo l og y ,  Vo l .  4 2 . Acad e m i c  p r e s s , 
N e w  Y o r k , p p ' 6 - 2 0 . 

BECK , M . J .  1 9 8 6 . E f f e c t  o f  i n t e r m i t t e nt f e ed i n g o f  
c e l l u l o s e  hyd r o l yz a t e  t o  h e m i c e l l u l o s e  hyd r o lyza t e  o n  
e t h a n o l  y i e ld by Pachys o l en t a n n op h i l us .  B i o t e c h n o l . 
L e t t e r s  8 :  5 1 3 - 5 1 6 . 

B I CHO , P . A . , P . L .  R UNNAL S , J . D .  CUNN I NGHAM and H .  LEE . 
1 9 8 8 . I nd u c t i o n o f  xyl o s e  r e d uc ta s e  and xyl i t o l  
d e h ydr o g e na s e  a c t i v i t i e s i n  Pachys o l en t a n n oph i l us a nd 
P i ch i a  s t i p i t i s  o n  m i xe d  s uga r s . Ap p l . En v i r o n . 
M i c r o b i a l . 5 4 : 5 0 - 5 4 . 

B O I D I N ,  J .  and J . -M .  AD Z E T . 1 9 5 7 . D e u x  c u r i e u s e s  l e vur e s  
i s o l e e s  d ' e x t r a i t s tanna n t s  d ' o r i g i ne veg e t a l e : 
Pachyso l en ( n ov . g e n ) t a n n op h i l us n o v . s p . e t  
Pachyso l en pel l i c u l a tu s  nov . s p . Bu l l e t i n  S o c i e t e 
Myc o l og i que d e  F r a n c e . 7 3 : 3 3 1 - 3 4 2 . 

BOLEN , P . L .  and R . W .  DETROY . 1 9 8 5 . I nd u c t i o n o f  NAD P H ­
l i n k e d  D - xy l o s e  r e d u c ta s e  a n d  NAD - l i n k e d  x y l i t o l  
d e h yd r o g e na s e  a c t i v i t i e s i n  Pachy s o l en t a n n oph i l u s by 
D - xyl o s e , L -ar a b i n o s e , or D - g a l a c t o s e . B i o t e c h . 
B i o e n g i n . 2 7 : 3 0 2 - 3 0 7 . 

B OLEN , P . L . ,  K . A .  R O T H  a n d  S . N .  FREER . 1 9 8 6 . Af f i n i t y 
pur i f i ca t i o ns o f  a l d o s e  r e d uc t a s e  and x y l i t o l  
d e hyd r o g e n a s e  f r om t h e  xyl o s e - f e r me nt i n g ye a s t  
Pachyso l en tan n o p h i l us . Ap p l . Env . M i c r o b i a l . 5 2 : 
6 6 0 - 6 6 4 . 

B OLEN , P . L .  and H . S .  S HEPHER D . 1 9 8 5 .  D e t e c t i o n o f  
Pachyso l en t a n n o p h i l us xyl o s e  r e d uc ta s e  and x y l i t o l  
d e hyd r o g e na s e - i nd u c i b l e  mRNA e x pr e s s i o n by 
i mmu n o p r e c i p i ta t i o n o f  i n  <l i tro t r a ns l a t i o n pr o d u c t s . 
G e ne t i c s 1 1 0 : s 2 6 . 



BROKER , M .  1 9 8 7 . T r a n s f o r ma t i o n 
Sch i zos accha�omyces pombe c e l l s 
B i o T e c h n i qu e s  5 :  5 1 6 - 5 1 8 . 

1 8 1  

o f  i nt a c t  
w i t h  p l a s m i d  DNA . 

BRUI NENBERG , P . M . , P . H . M . DE BOT , J . P .  VAN D I JKEN and W . A .  
S CHEFFER S . 1 9 8 4 . NAD H - l i nk e d a l d o s e  r ed u c ta s e : T h e  
k e y  t o  a n a e r o b i c  a l c o h o l i c  f e r me nt a t i on o f  x y l o s e  
b y  ye a s t s . 
2 5 6 - 2 6 0 . 

App l . M i c r o b i a l . B i o t e c h n o l . 1 9 : 

CELEN Z A ,  J . L .  and M .  CARL S O N . 1 9 8 6 . A yea s t  g e n e  t ha t  i s  
e s s e n t i a l  f o r  r e l e a s e  f r om g l uc o s e  r e p r e s s i o n e nc od e s  
a p r o t e i n  k i na s e . S c i e nce 2 3 3 : 1 1 7 5 - 1 1 8 0 .  

CHUN G ,  r . s .  and Y . Y .  LEE . 1 9 8 5 . E f f e c t  o f  i n  s i tu r e mo va l  
o n  f e r me ntat i o n o f  D - xy l o s e  b y  Pachyso l en t a n n o p h i l us .  
Enz yme M i c r o b i a l . T e c h n o l . 7 :  2 1 7 - 2 1 9 . 

C I R I ACY , M .  1 9 7 7 . I s o l at i o n and c h a r a c t e r i za t i o n o f  ye a s t  
mut a n t s  d e f e c t i ve i n  i n t e r me d i a t e  c a r b o n  me ta b o l i s m 
and i n  c a r b o n  catabo l i t e  d e r e p r e s s i o n . M o l e c . 
Gen . Ge n e t . 1 5 4 : 2 1 3 - 2 2 0 . 

CLARK , T . A . and K . L .  MACK I E . 1 9 8 4 . F e r me n t a t i o n 
i nh i b i t o r s  i n  wo od hyd r o l ys a t e s  d e r i ve d  f r om s o f t wo od 
P i n us rad i a ta . J .  Che m .  Te c h . B i o t e c h n o l . 3 4 B : 
1 0 1 - 1 1 0 . 

CLARK , T . , N .  WEDLOCK , ALLEN P .  J AME S , K .  DEVERE L L  a nd 
R . J .  THORNTON . 1 9 8 6 . S t r a i n  i mpr o v e me n t  o f  t h e  
xyl o s e - f e rme nt i n g yea s t  Pachys o l en t a n n oph i l us b y  
hybr i d i s a t i o n  o f  two mu t a n t  s t r a i ns . B i o t e c h n o l . 
L e t t e r s  8 :  8 0 1 - 8 0 6 . 

COHEN , S . N . , A . C . Y .  CHANG and L .  H S U . 1 9 7 2 . N o n c h r omo s oma l  
a n t i b i o t i c  r e s i s ta n c e  i n  bact e r i a : g e ne t i c  
t r a n s f o r mat i o n o f  Escher i c h i a  c o l i b y  R - f a c t o r  DNA . 
P r o c . Na t l . Acad . S c i . U S A  6 9 : 2 1 1 0 - 2 1 1 4 . 

COLOWI CK ,  S . P .  1 9 7 3 . T h e  h e x o k i na s e s .  lrr P . D .  B o yer 
( e d . ) ,  The Enzyme s ,  Vo l .  9 ,  3rd e d n . Acad e m i c  P r e s s ,  
New Yo r k ,  pp l - 4 8 . 

DEBUS , D . , H .  METHNER , D .  S CHUL Z E  
F e r me n tat i o n o f  xyl o s e  wi t h  
tan n op h i l us .  Eur . J .  Ap p l . 
1 7 : 2 8 7 - 2 9 1 . 

a nd H .  DELLWEG . 1 9 8 3 . 
t h e  ye a s t  Pachyso l en 

M i c r o b i a l . B i o t e c h n o l . 

DEKKER , R . F . H .  1 9 8 2 . E t ha n o l  pr o d u c t i o n f r om D - xyl o s e  a nd 
o t h e r  s u ga r s  by t h e  ye a s t  Pachys o l en t a n n o p h i l us .  
B i o t e c h n o l . L e t t e r s  4 :  4 1 1 - 4 1 6 . 

DELGENES , J . P . , R .  MOLETTA and J . M .  NAVARRO . 1 9 8 6 . T h e  
e f f e c t  o f  a e r a t i o n o n  D - x y l o s e  f e r me n ta t i o n by 
Pachys o l en tan n o ph i l us ,  P i ch i a  s t i p i t i s ,  K l u y v e r o m yces 
marx i a n us and C an d i da sheha t a e . B i o t e c h n o l . L e t t e r s  
8 :  8 9 7 - 9 0 0 . 
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DELLWEG , H . ,  M .  R I Z Z I , H .  METHNER a nd D .  DEBUS . 1 9 8 4 . 
Xyl o s e  f e r me ntat i o n by yea s t s . 3 .  Compa r i s o n  o f  
Pachyso l en tan n op h i l a s  a nd P i c h i a  s t i p i t i s .  
B i o t e c h n o l .  L e t t e r s  6 :  3 9 4 - 4 0 0 . 

DETRO Y , R . W . , R . L .  CUN N I NGHAM a nd A . I .  HERMAN . 1 9 8 2 . 
F e r me n t a t i o n o f  whe a t  s tr a w  h e m i c e l l u l o s e s  t o  e t han o l . 
B i o t e c h n o l .  B i o e ng i n . S ymp . 1 2 : 8 1 - 8 9 . 

DEVERELL , K . F .  1 9 8 3 . 
hyd r o l ys a t e s  u s i ng 
B i o t e c hn o l . L e t t e r s  5 :  

Etha n o l  p r o d uc t i o n f r om wood 
Pachyso l en t a n n o p h i l as .  

4 7 5 - 4 8 0 . 

D E VEREL L , K . F .  a nd T . W . CLARK . 1 9 8 5 . I nd u c e d  f l o c c u l a t i o n 
o f  Pachyso l en tan n op h i l as u s i ng t h e  t owe r f e r me n t e r .  
B i o t e c h n o l .  B i o e ng i n . 2 7 :  1 6 0 8 - 1 6 1 1 . 

. .  . .  

D I T ZELMULLER , G . , E . M .  KUB I CEK -PRAN Z , M .  ROHR a n d  C . P .  
K UB I CEK . 1 9 8 5 . N ADP H - s pe c i f i c a nd NAD H - s p e c i f i c  
xyl o s e  r e d uct i o n i s  cata l y z e d  by two s e pa r a t e  
e n zyme s i n  Pachyso l en t a n n o p h i l as . App l . 
M i c r o b i a l . B i o t e c h n o l .  2 2 : 2 9 7 - 2 9 9 . 

o o  

D I T ZELMULLER , G . , C . P .  K UB I CEK , W .  WOHRER , a n d  M .  ROHR . 
1 9 8 4 a . Xy l o s e  me t a b o l i s m  i n  P a c h y s o l en t a n n o p h i l as :  
pur i f i cat i o n a nd p r o p e r t i e s  o f  x y l o s e  r ed uc t a s e . Can . 
J .  M i c r o b i a l . 3 0 : 1 3 3 0 - 1 3 3 6 . 

0 0  

D I T ZELMULLER , G . , C . P .  K UB I CEK , W .  WOHRER a nd M .  ROHR . 
1 9 8 4 b .  Xyl i t o l  d e hyd r og e n a s e  f r om Pachyso l en 
t a n n o p h i l as .  FEMS M i cr o b i o l o gy L e t t e r s  2 5 : 1 9 5 - 1 9 8 .  

DU PREE Z , J . C .  B . A .  PR I OR a nd A . M . T .  MONTE I RO . 1 9 8 4 . The 
e f f e c t  of a e r a t i o n on x yl o s e  f e r me n ta t i o n b y  C a n d i d a  
sheha tae a nd Pachys o l en t a n n o p h i l as .  App l . 
M i c r o b i a l . B i o t e c h n o l .  1 9 : 2 6 1 - 2 6 6 . 

EASTERDAY , R . L .  
c hr omat o g r a p h y  
S e p ha d e x  a nd 
Dun l a p  ( e d .  ) ,  
c h r o ma t o g r a p h y ,  

a nd I . M .  EAS TERDAY . 1 9 7 4 . Af f i n i ty 
o f  k i na s e s  a n d  d e h yd r o g e na s e s  o n  

S e p ha r o s e  d y e  d e r i va t i ve s . lrr R . B .  
I mmob i l i s e d  b i o c he m i ca l s  a nd a f f i n i ty 

P l e n um P r e s s , N e w  Y o r k , pp 1 2 3 - 1 3 3 . 

EHRES MANN , B . , P .  I MBAULT and J . H .  WE I L .  1 9 7 3 . 
S pe c t r o p h o t ome t r i c  d e t e r mi na t i o n o f  pr o t e i n 
c o n c e n t r a t i o n i n  c e l l  e x t r a c t s  c o n t a i n i ng tRNA ' s a nd 
r RNA ' s .  Ana l . B i o c h e m . 5 4 : 4 5 4 - 4 6 3 . 

E N T I AN ,  K . - D .  1 9 8 0 . G e ne t i c  a nd b i o c h e m i ca l e v i d e nc e  f o r 
h e x o k i na s e  P I I  a s  a k e y  e n zyme i nvo l ve d  i n  c a r b o n  
cata b o l i t e r e pr e s s i o n i n  yea s t . M o l e c . Ge n . G e ne t . 
1 7 8 : 6 3 3 - 6 3 7 . 

E N T I AN ,  K . - D .  1 9 8 1 . A c a r b o n  c a ta b o l i t e  r e pr e s s i o n muta nt 
of  S a c c h a r o m y c e s  cere v i s i a e  w i t h  e l e va t e d  h e x o k i na s e  
act i v i t y : e v i d e n c e  f o r r e g u l a t o r y  c o n t r o l  o f  
he x o k i na s e  P I I s yn t h e s i s . Mo l .  Ge n .  Ge ne t . 1 8 4 :  
2 7 8 - 2 8 2 .  
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ENT I AN ,  K . - D .  and K - U . FROHL I CH .  1 9 8 4 . Saccharomyces 
cere v i s i ae mut a n t s  pr ov i d e  e v i d e n c e  o f  h e xo k i na s e  P I I  
a s  a b i f u n c t i o na 1 e n zyme w i t h  c a t a lyt i c  a nd r e g u l a t o r y  
d oma i ns f or t r i gg e r i ng car b o n  c a t a b o l i t e r e pr e s s i o n .  
J .  Ba c t e r i a l . 1 5 8 : 2 9 - 3 5 . 

ENT I AN ,  K . - D . , F .  H I L BERG , H .  OP I T Z a nd D .  MECKE . 1 9 8 5 . 
C l o n i ng o f  h e x o k i na s e  s t r uc t u r a l g e n e s  f r om 
Saccharomyces cere v i s i ae mut a n t s  w i t h  r e g u l a t o r y  
muta t i o n s  r e s p o n s i b l e  f o r  g l u c o s e  r e p r e s s i o n . M o l . 
Ce 1 1  . B i o 1 . 5 : 3 0 3 5 - 3  0 4 0 . 

ENT I AN ,  K . - D . , E .  K OP E T Z K I ,  K . -U .  FROHL I CH a nd D .  MECK E . 
1 9 8 4 . C l o n i ng o f  he xo k i na s e  i s oe n zmye P I  f r om 
Saccharomyces cere v i s i ae : P I  t r a n s f o r ma n t s  c o n f i r m  t h e  
u n i que r o l e  o f  h e x o k i na s e  i s oe n z yme P I I  f o r  g l uc o s e  
r e pr e s s i o n i n  ye a s t s . M o l . G e n . G e n e t . 1 9 8 :  5 0 - 5 4 . 

ENT I AN ,  K . - D .  a nd D .  MECKE . 1 9 8 2 .  G e ne t i c  e v i d e nc e  f o r  a 
r o l e  o f  h e x o k i na s e  i s o zyme P I I i n  c a r b o n  ca t a b o l i te 
r e p r e s s s i o n i n  Saccharomyces cerev i s i a e . J .  B i o l . 
Chem . 2 5 7 : 8 7 0 - 8 7 4 . 

ENT I AN ,  K . - D .  a nd F . K .  Z I MMERMAN N . 1 9 8 0 . G l yc o l yt i c  
e n zyme s a nd i n t e r me d i a t e s  i n  c a r b o n  c a t a b o l i t e  
r e pr e s s i o n mu ta n t s  o f  Saccharomyces cere v i s i a e . M o l .  
Ge n . G e ne t . 1 7 7 : 3 4 5 - 3 5 0 . 

and F . K .  Z I MMERM ANN . 1 9 8 2 . New g e n e s  ENT I AN ,  K . - D .  
i nvo l ve d  i n  c a r b o n  c a t a b o l i t e  r e p r e s s i o n a nd 
d e r e pr e s s i o n i n  t h e  ye a s t  Saccharomyces 
cere v i s i a e . J .  Ba c t e r  i o l . 1 5 1 : 1 1 2 3 - 1 1 2 8 . 

ENT I AN ,  K . - D . ,  F . K . Z I MMERMANN a n d  I .  S CHEEL . 1 9 7 7 . A 
pa r t i a l  d e f e c t  i n  ca r bo n  c a t a b o l i t e r e pr e s s i o n i n  
mu t a n t s  o f  Saccharomyces cere v i s i ae w i t h  r e d uc e d  
h e x o s e  p h o s p h o r y l a t i o n . Mo l e c . Ge n . Ge ne t . 1 5 6 : 
9 9 - 1 0 5 . 

EVAN S , CT . a nd C .  RATLE DGE . 1 9 8 4 . I nd u c t i o n o f  xy l u l o s e -
5 - p h o s p h a t e  p h o s p h o k e t o l a s e  i n  a va r i e ty o f  
ye a s t s  gr own o n  D -xyl o s e : t h e  k e y  t o  e f f i c i e n t  
xyl o s e  me tab o l i s m .  Ar ch . M i c r o b i a l . 1 3 9 : 4 8 - 5 2 . 

FANTA, G . F . , T . P .  ABBOTT , A . I .  HERMAN , R . C .  BURR a nd W . M .  
DOANE . 1 9 8 4 . Hyd r o l ys i s  o f  wh e a t  s t r a w  hemi ce l l u l o s e  
w i t h  tr i f l u o r oa c e t i c ac i d . Fe r me n ta t i o n o f  x y l o s e  
w i t h  Pachyso l en t a n n oph i l us .  B i o t e c h n o l . B i o e n g i n .  
2 4 : 1 1 2 2 - 1 1 2 5 . 

, , 

FERNANDE Z ,  R . , P .  HERRERO , M . T .  FERNANDEZ a nd F .  MOREN O . 
1 9 8 6 . Me c han i s m o f  i nact i va t i o n o f  h e x o k i na s e  P I I o f  
Saccharom yces c e re v i s i a e  b y  D - xy l o s e . J .  Ge n .  
M i c r o b i a l . 1 3 2 : 3 4 6 7 - 3 4 7 2 . 
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FERNANDE Z ,  R . , P .  HERRERO , S .  GAS CON a nd F .  MORENO . 1 9 8 4 . 
Xy l o s e  i nd u c e d  d e c r e a s e  i n  h e x o k i na s e  P I I  a c t i v i t y 
c o n f e r s  r e s i s ta n c e  t o  c a r b o n  c a t a b o l i t e  r e p r e s s i o n  o f  
i nve r ta s e  s yn t he s i s  i n  Saccharomyces carl sberge n s i s . 
Ar c h . M i c r o b i a l . 1 3 9 : 1 3 9 - 1 4 2 . 

FERNAN DE Z ,  M . T . , P .  HERRERO ,  Y . S .  L O P E Z -BOADO , R .  FERNANDEZ 
and F .  MORENO . 1 9 8 7 . P r o t e o l ys i s o f  h e xo k i na s e  P I I  
i s  n o t  t h e  t r i gge r i ng s i gna l o f  c a r b o n  cata b o l i t e  
d e r e pr e s s i o n i n  Saccharomyces cere v i s i ae . J .  Ge n .  
M i c r o b i a l . 1 3 3 : 2 5 0 9 - 2 5 1 6 . 

FERNANDEZ , R . , P .  HERRERO a n d  F .  MORENO . 1 9 8 5 . I n h i b i t i o n 
a nd i na c t i va t i o n o f  g l uc o s e - p h o s ph o r y l a t i ng e n zyme s 
f r om Saccharomyces cere v i s i ae by D - x yl o s e . J .  Ge n .  
M i c r o b i a l . 1 3 1 : 2 7 0 5 - 2 7 0 9 . 

FROHL I CH ,  K -U . , K - D . EN T I AN and D .  MECKE . 1 9 8 4 . Cl o n i ng 
and r e s t r i c t i o n ana l ys i s  o f  the h e x o k i na s e  P I I  g e ne o f  
t h e  ye a s t  Saccharomyces cere v i s i ae .  M o l . Ge n . G e ne t .  
1 9 4 :  1 4 4 - 1 4 8 . 

FROHL I CH ,  K . -U . , K . - D .  ENT I AN and D .  MECKE . 1 9 8 5 . The 
pr i ma r y  s t r u c t u r e  o f  the ye a s t  h e xo k i na s e  P I I gene 
( HXK 2 ) wh i c h i s  r e s po n s i b l e  f o r  g l uc o s e  r e pr e s s i o n .  
Ge ne 3 6 : 1 0 5 - 1 1 1 . 

GABR I EL ,  
ill 
2 2 . 

0 .  1 9 7 1 . Ana l yt i ca l d i s c ge l e l e c t r o ph o r e s i s . 
W . B .  Ja k o by ( e d .  ) ,  Me t h o d s  i n  Enzymo l o g y ,  Vo l .  

Acad e m i c P r e s s , N e w  Y o r k . p p  5 6 5 - 5 7 8 . 

GANCEDO , J -M . , D .  CL I FTON and D . G .  FRAENKEL . 
Y e a s t  he x o k i na s e  mu tan t s . J .  B i o l . Che m .  
4 4 4 3 - 4 4 4 4 . 

1 9 7 7 . 
2 5 2 : 

GANCEDO , J -M .  and C .  GANCEDO . 1 9 8 6 . Ca ta b o l i t e  
r e pr e s s i o n mu t a n t s  o f  ye a s t . FEMS M i c r o b i a l . R e v i e ws 
3 2 : 1 7 9 - 1 8 7 . 

H I RAI , M . , E .  OHTAN I , A .  TANAK A a nd S .  FUKU I . 1 9 7 7 . 
and 

Acta 
G l u c o s e - p h o s p h o r yla t i n g e n zyme s o f  C a n d i d a  ye a s t s  
t h e i r  r e g u l a t i o n i n  v i v o . B i o c h i m .  B i o phy . 
4 8 0 : 3 5 7 - 3 6 6 . 

HOLME S , D . S .  and M .  QU I GLEY . 
f o r  the p r e par a t i o n o f  
B i ochem . 1 1 4 : 1 9 3 - 1 9 7 . 

1 9 8 1 . A r a p i d  b o i l i n g me t h o d  
bact e r i a l  p l a s m i d s . Ana l . 

HONG , M . A . and D .  BOTS TE I N .  1 9 8 6 . E f f e c t s  o f  nu l l  
mu ta t i o ns i n  the he x o k i na s e  g e ne s o f  
cere v i s i ae o n  c a t a b o l i t e  r e p r e s s i o n .  
B i o l . 6 :  4 0 4 6 - 4 0 5 2 . 

Saccharomyces 
M o l e c . Ce l l . 

HUNTER , K .  and 
me mbrane s .  
The Y e a s ts , 
pp 2 1 1 - 2 7 0 .  

A .  H .  
ill 

V o l . 

R O S E . 1 9 7 0 . Y e a s t l i p i d s  a nd 
A . H .  R o s e  and J . S .  Ha r r i s o n ( e d s . ) ,  

2 .  Ac ad e m i c P r e s s , L o nd o n , 
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K .  GOTOH , K .  OUCH ! a nd T .  N I S H I YA .  1 9 8 3 . 
tra n s f o r ma t i on w i t h o u t  t h e  s p h a e r o p1 a s t i ng 

Agr i c . B i o l . Che m .  4 7 : 8 9 7 - 9 0 1 . 

! TO ,  H . , Y .  JUKUDA, K .  MURATA a nd A .  K I MURA . 1 9 8 3 . 
T r a n s f or mat i o n o f  i nt a c t  c e l l s w i t h  a l k a l i  c a t i o n s . 
J .  Ba c t e r i a l . 1 5 3 : 1 6 3 - 1 6 8 . 

J AME S , A . P .  and D . M . Z AHAB . 
Pachyso l en t a n n op h i l a s , 
J .  Gen . M i cr o b i a l . 1 2 8 : 

1 9 8 2 . A g e n e t i c  s ys t e m  f o r  
a p e n t o s e - f e r me n t i ng yea s t . 
2 2 9 7 - 2 3 0 1 . 

J AME S , A . P . and D . M . Z AHAB . 1 9 8 3 . T h e  c o n s t r uct i o n a nd 
g e ne t i c  ana l ys i s  o f  p o l yp l o i d s  and a n e up l o i d s  o f  t h e  
p e n t os e - f e r me nt i ng yea s t , P achyso l en t a n n oph i l as .  

J .  Gen . M i c r o b i a l . 1 2 9 : 2 4 8 9 - 2 4 9 4 . 

J EFFR I ES , T . W . 1 9 8 3 . E f f e c t s  o f  n i t r a t e  o n  f e r me n t a t i o n 
o f  xyl o s e  a nd g l u c o s e  by Pachys o l en t a n n o p h i l as .  
B i o t e c h n o l o g y  1 :  5 0 3 - 5 0 6 . 

J EFFR I ES ,  T . W . 1 9 8 4 . Muta n t s  o f  Pachyso l en tan n o p h i l as 
s h o w i ng e nh a n c e d  r a t e s  o f  g r o wth a n d  e t h a n o l f r o m  D ­
xy l o s e . Enz yme M i c r o b . T e c h n o l . 6 :  2 5 4 - 2 5 8 . 

JEFFR I E S , T . W . , J . H .  FAD Y  a nd E . N ,  L I GHTFOOT . 1 9 8 5 .  
E f f e c t o f  g l u c o s e  s u p p l e me n t s  o n  t h e  f e r me n t a t i o n o f  
xyl o s e  by P a chyso l en tan n o p h i l as .  B i o t e c h no l . 
B i o e ng i n . 2 7 : 1 7 1 - 1 7 6 . 

J ONES , R . M . , I .  R U S S EL L  a nd G . G .  S TEWART . 1 9 8 6 . T h e  u s e  
o f  catab o l i t e d e r e pr e s s i o n a s  a me a n s  o f  i mpr o v i n g  t h e  
f e r me n tat i on r a t e  o f  b r e w i ng ye a s t  s t r a i n s . Ame r i ca n  
S oc i e ty o f  Br e w i ng C he m i s t s . 4 4 : 1 6 1 - 1 6 6 . 

J O S H I , M . D .  
Br a i n . 
Vo l .  9 .  

and V .  J AGANNATHAN . 1 9 6 6 . Hex o k i na s e  I .  
LQ W . A .  Wo od ( e d . ) ,  Me t h o d s  i n  Enzymo l o g y ,  
Aca d e m i c  P r e s s , N e w  Y o r k ,  pp 3 7 1 - 3 7 5 . 

K LEBE , R . J . ,  J . V . HARR I S S ,  Z . D . S HARP and M . G .  D OUGLAS . 
1 9 8 3 . A g e ne r a l  me t h o d  f o r  p o l ye t h y l e n e - g l yc o l ­
i nd uced gene t i c  t r a n s f o r ma t i o n o f  bac t e r i a and yea s t . 
Gene 2 5 : 3 3 3 - 3 4 1 . 

K O P ET Z K I , E .  and K . - D .  ENT I AN . 1 9 8 5 .  G l u c o s e  r e pr e s s i on 
and hex o k i na s e  i s o e n z yme s i n  ye a s t . I s o l a t i o n  a nd 
c ha r a c t e r i s a t i o n  o f  a mod i f i e d P I I i s o e n z yme . E u r . J .  
B i o c h em . 1 4 6 : 6 5 7 - 6 6 2 . 

K O P E T Z K I ,  E . , K . - D .  ENT I AN a nd D .  MECKE . 1 9 8 5 .  C o mp l e t e  
nu c l e o t i d e  s e q u e n c e  o f  t h e  h e x o k i na s e  P I  g e n e  ( HX K 1 ) 
o f  S a c char omyc e s  c e r e v i s i a e . Gene 3 9 : 9 5 - 1 0 2 . 

KURT Z MAN , C . P .  1 9 8 3 . B i o l o gy and p h ys i o l o gy o f  t h e  D ­
x y l o s e  f e r me n t i n g yea s t  Pachys o l en t a n n o p h i l as . Ad v . 
B i o c h e m . Eng i n . / B i o t e c hn o l . 2 7 : 7 3 - 8 4 . 
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L ACH K E ,  A . H .  and T . W . J EFFR I ES . 1 9 8 6 . L e ve l s  o f  e n z yme s 
o f  the pe n t o s e  p h o s pha t e  pa t hwa y  i n  Pach y s o l en 
tan n oph i l us Y - 2 4 6 0  and s e l e c t e d  mu t a n t s . E n z yme 
M i c r o b . T e c h n o l . 8 :  3 5 3 - 3 5 9 . 

LEE , H . , A . P .  JAME S , 
MAL E S Z K A  and H .  

D . M .  Z AHAB , 
S CHNE I DER . 

G .  MAHMOUR I DE S , 
1 9 8 6 . Muta n t s  

R .  
o f  

Pachyso l en t a n n oph i l us 
o f  e t ha n o l  f r om D - x yl o s e . 
5 1 : 1 2 5 2 - 1 2 5 8 . 

w i t h  i mp r oved p r o d u c t i o n 
Ap p l . Env i r o n . M i c r o b i a l . 

L I GTHELM . M . E . , B . A . P R I OR and J . C .  D U  P R EE Z . 1 9 8 8 . The 
oxyg e n  r e q u i r e me n t s  o f  ye a s t s  f o r  t h e  f e r me n tat i o n o f  
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