
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



I NVESTI GATI ONS ON THE HEXOSE-PHOSPHORYLATING ENZYMES 

I N  THE PENTOSE-FERMENTI NG YEAST , PhCHYSOLEH ThHHOPHILUS 

A t h e s i s  p r e s e nt e d  i n  par t i a l  f u l f i l me nt 

o f  t h e  r e q u i r e me n t s  f o r  t h e  d e g r e e  

i n  D o c t o r  o f  P h i l o s o phy 

i n  M i c r o b i o l ogy 

a t  Ma s s e y Un i v e r s i t y  

D AVI D NE I L  WEDLOCK 

1 9 8 8  



!!•1 � !; cy Ulni_v e. r :;i �-!:_Ll_>_r_a....:ry...._. __ ·_r_ll_e_s_i_�_c_o�I.__>y_,__r_i.x.r,.__) _, t_l_'o_r_m 

Title. olf Ll11�sis: 

(a) 1 give p c noJ.ssion for 

reade.t·s in the Hasscy University Library lllHI�.;r condition�; 
Jetc.nulne.cl by 'the Librarian. 

I do not \.llsh wy thesis to he maLic uvailaolc to l"I�J<kl·s 
\.l .lthout lllJ \.ll"lttcn c ons ent for \Q.. wouth:.:. 

( a ) I <l�;rce that wy th esis , or a copy, rnay be :.;cnt to <lllplhcr 
Jn!;tltution umkx: conditions determined by tl1c L1urat·L,11• 

( b ) I cl o no t \.1 i � h l1l y t h e. s i s , or a c o p y , to b e. s en t t o a IHJ L it c r 

( a ) 
('lj) 

in:.:tltution \.llthout lllY \.lritten consent for I'd.... 
1 <�f;rec that my thesis may Le coplecl for Library 
I do uot \.ll!;h wy t hesis to be copied for L:ll> c1 ry 

\&.... UIOilth:>. 

\J!j l! • 

Date 31 s\- m'5 _ \9��-----· 

Tltc copyright of this thesis belongs to the nuthor. 
t;l�;n their name in the :;puce Lclo\.1 to sho1-1 thut they l"l:!cogni:;c 
this. 'rh cy a re <1:.: ked to ad J th cl r pc rm.anen t uJ J re ss. 

MA�'- 3 li1 SJT 
I_!'� r v 



ii 

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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