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Summary 

The level of  glycerol klnase achvlty m Neurospora crassa was shown to 
change m response to resuspensmn of sucrose-grown myceha in fresh medmm 
containing a new carbon source the magmtude of the change depended on the 
new carbon source provided Certain carbon sources, such as glucose and fruc- 
tose, inhibited the small increase that  occurred m the absence of any carbon 
source Others, and in partmular deoxynbose ,  galactose, glycerol and nbose,  
greatly enhanced this mcrease The actiwty reduced by deoxynbose  and galac- 
tose had the same stability, both m vlvo and m wtro,  as that  mduced by 
glycerol, and as that  reduced by mcubat lon of Neurospora cultures at low 
temperatures  The inhibitory carbon sources, such as glucose and fructose, also 
restricted the increases induced by deoxynbose ,  gatactose and glycerol they 
had more effect  on the increases mduced by glycerol and deoxynbose  than on 
that  reduced by galactose The increase m actiwty that  occurs at low tempera- 
ture was also inhibited by glucose and sucrose 

In t roduct ion  

Glycerol kmase (ATP glycerol-3-phosphotransferase, EC 2 7 1 30) catalyzes 
the stereospeclfm phosphory lahon  of  glycerol, and m many mmroorganlsms it 
is the first enzyme of  the pathway of  glycerol dlsslmllahon [1] In Neurospora 
crassa the level of  glycerol kmase activity mcreases when cultures are incubated 
m medium containing glycerol [2- -4] ,  and so it is probable that  ~t performs the 
same funct ion m this organism A study of the control  of the enzyme has 
lndmated that  glycerol kmase may, however, play some additional role m Neu- 

* Present address Biochemistry Department, Umverslty of Sttrhng, Stlrhng, FK9 4LA, Scotland 
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rospora High levels of  activity are reduced m the absence of exogenous glyc- 
erol when cultures are mcubated at low temperatures [2] In addltmn, both 
this cold-reduced activity and that  reduced by glycerol at the normal growth 
temperature (26 ° C) are subject to cont inuous rapid reactivation m vlvo [5] .  
Thus the activity can be kept  under tight control, and this suggests that the 
enzyme may have some regulatory functmn 

Denor and Courtnght  [6] have recently suggested that  glycerol is the only 
known effector  of  the glycerol kmase system at normal growth temperatures, 
and have concluded that  the cold-reduced increase must  result from the genera- 
tlon of  an internal inducer, probably glycerol 3-phosphate In this report  ew- 
dence is presented to show that under certain condltmns at 26°C the level of 
glycerol kmase is markedly affected by the carbon source, and that compounds  
other  than glycerol can also mduce high levels of activity. It is also demon- 
strated that  glycerol kmase is particularly sensitive to carbon catabohte repres- 
stun, smce the mcreases m activity can be inhibited by a number  of carbon 
sources The control  of  glycerol kinase m Neurospora is discussed in the light of  
these findings 

Matenals and Methods 

Orgamsm N crassa strata 74A (wild-type) was used m all experiments. 
Growth cond~ttons and extract preparation Cultures were grown m either 

20- or 100-ml portions of Fries minimal medmm [7] m 50- or 250-ml Erlen- 
meyer  flasks, respectively. They were inoculated from a comdlal suspension (to 
give approx. 2 104 comdla/ml) and grown re:trolly m medmm containing 2% 
(w/v) sucrose as sole carbon source for 48 h at 26°C, with the flasks shaken 
orb:tally m air (100 rev /mm) .  The myceha were then filtered over a Buchner 
funnel, washed well with d:stffied water, and resuspended m the appropriate 
fresh medmm Incubation was then continued as before. Aseptm procedures 
were used whenever a further incubation permd of longer than 2 h was em- 
ployed.  

For low temperature mcubatmn cultures were mmally grown m sucrose 
medmm for 48 h at 26°C and were then transferred to 4°C (with reciprocal 
shakmg m water) wi thout  resuspens:on m fresh medmm 

Extracts were prepared as descnbed prewously [2] m 83 mM tns(hydroxy-  
methyl )ammomethane  buffer  (pH 8.0) from whole 20-ml cultures or portmns 
(10 ml) of  100-ml cultures. 

Assays Glycerol kmase activity was assayed at 25°C by the radmchemmal 
method described prewously [2] Protein was assayed by the method of  Lowry 
et al [8] ,  using bovine serum albumm as standard Glycerol kmase activity :s 
expressed as nmol of  glycerol phosphate bound (to DE-81 filter) per h per mg 
of protein 

Sources [1- ~ 4 C] Glycerol was supphed by the Radmchemmal Centre 
(Amersham, U K ) a-D-Talose was supphed by Koch Light Laboratorms Ltd 
(Colnbrook, U K ) Adomtol ,  cyclohexlm:de, 2-deoxy-D-r:bose (deoxynbose) ,  
D-erythrose, D-lyxose, D-tagatose, D-xyhtol and L-xylose were supphed by 
Sigma London Chemmal Co (Kingston-upon-Thames, U K ). All other chemi- 
cals were obtained from B D H Chemmals Ltd. (Poole, U K.). 
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Results 

Effect o f  changes o f  carbon source on glycerol ktnase actwtty 
When myceha of  N crassa that have been pre-grown m sucrose medium are 

transferred to fresh medium lacking a carbon source there is a small and tran- 
stunt increase in glycerol kinase activity [2] The effect on glycerol klnase 
activity of adding a number of sugars and related compounds  to the fresh 
medium is shown m Table I During the 2-h period studmd there was no slgnih- 
cant change in the dry weight or protein content  of  the myceha, and so in all 
cases changes in specific activity reflect changes m the actual level of lntracellu- 
lar glycerol klnase actwlty 

T A B L E  I 

E F F E C T  O F  V A R I O U S  C O M P O U N D S  O N  T H E  L E V E L  O F  G L Y C E R O L  K I N A S E  A C T I V I T Y  IN  

S U C R O S E - G R O W N  M Y C E L I A  

M y c e h a  f r o m  p o r t i o n s  ( 2 0  m l )  o f  1 0 0 - m l  s u c r o s e - g r o w n  c u l t u r e s  w e r e  r e s u s p e n d e d  in  2 0  m l  o f  f r e s h  

m e d i u m  w i t h o u t  s u c r o s e ,  b u t  c o n t a i n i n g  t h e  c o m p o u n d  i n d i c a t e d  a t  a c o n c e n t r a t i o n  o f  5 m g / m l  u n l e s s  

o t h e r w i s e  s p e c i f i e d  E x t r a c t s  w e r e  p r e p a r e d  a f t e r  2 h o f  i n c u b a t i o n  T h e  r e l a t i v e  i n c r e a s e  is t h e  o b s e r v e d  
i n c r e a s e  i n  s p e c i f i c  a c t i w t y  f r o m  t h e  i n i t i a l  l eve l  (3  5 u n i t s )  r e l a t i v e  t o  t h a t  o b s e r v e d  in  a c u l t u r e  t o  w h i c h  
n o  a d d i t i o n  w a s  m a d e  

A d d i t i o n  S p e c i f i c  a c t i v i t y  R e l a t i v e  i n c r e a s e  

None 14 4 1 0 

Acetate (sodium salt) 12 0 0 8 
Ethanedlo] 29 6 2 4 

DL-Glyceraldehyde 43 6 3 6 
1,3-Dh~ydroxyacetone 25 4 2 0 
Glycerol 80 0 6 9 

E r y t h r o s e  33  6 2 7 

E r y t h r l t o l  6 2  0 5 2 

D - A r a b l n o s e  36  0 2 9 

D - L y x o s e  3 5  9 2 9 

D - R i b o s e  88  0 7 6 
D - X y l o s e  31  8 2 6 
L - A r a b i n o s e  2 5  5 2 0 

L - X y l o s e  2 4  5 1 9 

A d o m t o l  6 2 0 3 

L - A r a b l t o l  12  0 0 8 
D - X y h t o l  11 8 0 8 
D e o x y r l b o s e  (2  5 m g / m l )  1 4 2  0 12  4 

D - G a l a c t o s e  6 5  6 5 6 
D - G l u c o s e  3 5 0 
D - M a n n o s e  4 6 0 1 
a - D - T a l o s e  20  5 1 5 
D - F r u c t o s e  8 0 0 4 
L - S o r b o s e  58  8 5 0 
D - T a g a t o s e  (1 5 m g / m l )  11 4 0 7 
M a n n l t o l  7 7 0 4 
S o r b l t o l  8 8 0 5 
L - F u c o s e  (1 5 m g / m l )  11 3 0 7 
L - R h a m n o s e  (1 5 m g / m l )  29  3 2 4 

C e l l o b l o s e  8 0 0 4 
S u c r o s e  4 5 0 1 
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On the basis of its effect, a compound could be placed m one of three 
groups There were those (acetate, arabltol, tagatose etc.) that  had little effect 
on the increase m activity after resuspensmn This lack of effect could have 
been due to an inability of  the cells to take up these compounds, and not  
necessarily because they lacked an effect  on the glycerol kmase system per se. 
A second group of compounds inhibited the increase, either partmlly or com- 
pletely, and were considered to have a negative effect on the glycerol kmase 
system All those compounds that  support rapid growth of Neurospora, such as 
glucose, fructose, mannose and sucrose (see ref 9), were mhtbltory, but the 
effect was also observed with some poorer sources of  carbon such as sorbltol 
and manmtol  Compounds m the third group all gave nse to increases m activi- 
ty greater than that  observed with no carbon source. 

The third group contamed a wide variety of compounds Some, such as 
ethanediol, glyceraldehyde, dlhydroxyacetone and erythntol ,  were structurally 
similar to glycerol, many others, such as galactose, sorbose and all the pentoses 
tested, did not  resemble glycerol so closely. Although many of these com- 
pounds are poor sources of carbon for Neurospora [9,10],  the increases m 
actlwty could not  have been directly related to this, since the complete lack of 
carbon source resulted m a much smaller increase m acttwty. 

After 2 h of mcubatmn m medium containing deoxynbose or nbose, the 
levels of actlwty were greater even than that  found after equlvalant mcubatmn 
m medmm contammg glycerol. This greater ability to reduce high levels of 
glycerol kmase activity was conhrmed when the time course of some of the 
changes m actlwty were followed (Fig 1) The magnitude of the increase was m 
all cases greater than that  observed m the absence of a carbon source [2] With 
galactose and xylose there was a small Increase (2-fold) m the mycehal protein 
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Fig 1 Time course of changes m glycerol kmase speclfm actlwty Myceha from 100-ml sucrose-grown 

cultures were resuspended m 100 ml of fresh medium contmmng the carbon sources indicated at 20 

mg/ml except for deoxynbose added at a concentration of 5 mg/ml Dunng continued mcubatlon, sam- 

ples were removed and extracts prepared Symbols (A) o ---o, glycerol, a. a, DI~glyceraldehyde, 

A ~% D - r l b o s e  ( B )  o - - - - - - - o ,  d e o x y r l b o s e ,  o - - D ,  D - x y l o s e ,  ~ A, D-galactose 
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level over the 24-h period, but no significant change with the other compounds 
In every case, however, the speclflC activity increased to reach a maximum 
approx. 4 h after resuspenslon, and then decreased The extent  of this decrease 
was dependent  on the carbon source The kinetics were similar, albeit over a 
shorter time period, to those observed for the increases in activity that take 
place at low temperatures [2] The level of activity achieved during incubation 
in the presence of deoxyrlbose was greater than that  observed under any other 
conditions 

Many of those compounds that caused an elevated level of glycerol kmase 
activity after resuspension of sucrose-grown myceha gave rise to very low levels 
of actwity when supplied as sole carbon sources throughout  growth This was 
so whether the carbon source supported growth at a moderate rate (e g D- 
xylose) or at a very slow rate (e g D-rlbose and deoxynbose) Of the com- 
pounds so tested, only D-galactose and glycerol allowed levels of activity sIg- 
mhcant ly  greater (30 and 70 specific actwlty units, respectively) than the basal 
level (1 5--4 units) characteristic of sucrose-grown cultures 

Effects of cyclohex~mzde 
The increases m activity were all blocked by the addition of cyclohexlmlde 

at the time of  resuspenslon, and were therefore dependent  on de novo protein 
synthesis [ 11] 

The addition of cyclohexlmlde to myceha already incubating in medium 
containing galactose or deoxyribose resulted in an immediate and rapid loss of 
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F i g  2 E f f e c t  o f  c y c l o h e x l m l d e  o n  g l y c e r o l  k m a s e  a c t l v l t y  i n d u c e d  b y  d e o x y r l b o s e  a n d  g a l a c t o s e  M y c e h a  
f r o m  1 0 0 - m l  s u c r o s e - g r o w n  c u l t u r e s  w e r e  r e s u s p e n d e d  m 1 0 0  m l  o f  f r e s h  m e d l u m  c o n t a l m n g  5 m g  o f  
d e o x y r l b o s e  (~  o)  o r  2 0  m g  o f  g a l a c t o s e  (~  -.- m) p e r  m l  as so le  c a r b o n  s o u r c e s  A f t e r  2 h o f  
m c u b a t l o n  1 4 jug o f  c y c l o h e x l n - a d e  ( C H )  w e r e  a d d e d  p e r  m L  S a m p l e s  w e r e  r e m o v e d  a t  i n t e r v a l s  a n d  
e x t r a c t s  p r e p a r e d  G l y c e r o l  k l n a s e  s p e c i f i c  a c t l v l t y  is g i v e n  r e l a t i v e  t o  t h a t  p r e s e n t  a t  t h e  t l m e  o f  r e s u s p e n -  
s l o n  ( 3  5 u m t s ,  d e o x y n b o s e  c u l t u r e ,  4 0 u m t s ,  g a l a c t o s e  c u l t u r e )  
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acttwty (Fig. 2). As with the glycerol-reduced activity and that reduced by 
mcubatmn at low temperatures [5 ] ,  the half-life of the activity after the addl- 
tmn of  the inhibitor was approx 15 mm at 26°C 

Thermostabdzty o f  the reduced ac twdy  
Since the property of rapid m VlVO mactlvatmn had been observed wtth every 

mduced glycerol kmase actlwty from Neurospora to be tested (Fig 2 and 
ref 5), it was probable that the actlvttms were due to the same enzyme This 
conclusmn was supported by the results m Fig 3 whmh show that, m crude 
extracts, the actlwtms reduced by glycerol, deoxynbose,  galactose and by mcu- 
batmn at 4 ° C had the same thermostabfllty, with a half-hfe of 6 2 mm at 67 ° C 

Effects o f  addlttonal carbon sources on increases zn a c t wd y  
When sucrose-grown myceha were exposed to glycerol m the presence of 

other carbon sources the increase m glycerol kmase actlwty was affected (Table 
II) Incubatmn with a more readily utfllsed carbon source inhibited the m- 
crease sucrose and glucose were more effective than fructose In the absence of 
glycerol, D-galactose ttself reduced an increase m activity, and w~th glycerol it 
had an additive effect. Glycerol and deoxynbose  together reduced an mcrease 
m activity of  the same order as that reduced by deoxynbose  alone 

The mcreases m actlwty reduced by galactose and deoxynbose  were also 
sensitive to other carbon sources (Table II) Both were restrmted by glucose 
and fructose, and as with the glvcerol-mduced mcrease glucose was a more 
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Fig  3 H e a t  r eac t iva t ion  o f  g l y c e r o l  k m a s e  act iv i t ies  E x t r a c t s  w e r e  p r e p a r e d  f r o m  c u l t u r e s  i n c u b a t e d  m 
g l y c e r o l  (A,  o), galactose  (B, o) or d e o x y n b o s e  (B, o) m e d m m  for  2 h as d e s c r i b e d  m Table  I An 
ad(ht lona l  e x t r a c t  was  p r e p a r e d  f r o m  a 20-ml  c u l t u r e  i n c u b a t e d  for  48 h a t  26°C  and  t h e n  for  48 h at 4°C 
(A, e)  E x t r a c t s  w e r e  d i a l y z e d  o v e r m g h t  against  83 m M  T n s  b u f f e r  ( p H  8 0), and  w e r e  t h e n  i n c u b a t e d  at 
67°C  and  s a m p l e s  r e m o v e d  at intervals  T h e  g l y c e r o l  k m a s e  a c t l w t y  r e m a i n i n g  m the  s a m p l e  was  a s sayed  
T h e  insert  m (A)  s h o w s  t h e  e f f e c t  o f  2 m m  o f  i n c u b a t i o n  at  d i f f e r e n t  t e m p e r a t u r e s  o n  t h e  ac t iv i ty  m 
e x t r a c t s  f r o m  the  g l y c e r o l  cu l ture  and  t h e  c o l d - i n c u b a t e d  cu l ture  T h e  act iv i ty  r e m a i m n g  is g iven as a 
p e r c e n t a g e  o f  t h a t  p r e s e n t  m the  s a m p l e  b e f o r e  i n c u b a t i o n  at e l e v a t e d  t e m p e r a t u r e s  
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T A B L E  II 

E F F E C T  O F  A D D I T I O N A L  C A R B O N  S O U R C E S  O N  T H E  I N C R E A S E  O F  G L Y C F R O L  K I N A S E  

A C T I V I T Y  I N D U C E D  BY G L Y C E R O L ,  G A L A C T O S E  A N D  D E O X Y R I B O S E  

M y c e h a  f r o m  p o r t i o n s  (20  m l )  o f  1 0 0 - m l  s u c r o s e - g r o w n  c u l t u r e s  we re  r e s u s p e n d e d  in  20  m l  o f  f resh  me-  

d r a m  w i t h o u t  suc rose ,  b u t  c o n t a i n i n g  20  m g  o f  g l y c e r o l ,  20  m g  o f  g a l a c t o s e  o r  5 m g  o f  d e o x y r l b o s e  pe r  

m l ,  t o g e t h e r  w i t h  t h e  o t h e r  c a r b o n  s o u r c e s  as s p e c l h e d  ( c o n c e n t r a t m n s  m m g / m l )  E x t r a c t s  we re  p r e p a r e d  

a f t e r  2 h o f  m c u b a t m n  T h e  r e l a t i v e  i nc r ea se  is t h e  o b s e r v e d  i n c r e a s e  m s p e c l f m  a c h v l t y  f r o m  t h e  i n i t i a l  

l eve l  (1 5 u m t s )  r e l a t i v e  t o  t h a t  o b s e r v e d  in  a c u l t u r e  in  w h m h  n o  a d d i t i o n a l  c a r b o n  s o u r c e  was  p r e s e n t  
I__  

A d d i t i o n a l  S p e c i f i c  a c t i v i t y  R e l a h v e  inc rease  

c a r b o n  s o u r c e  - ---  

G l y c -  Ga lac -  D e o x y r l -  G l y c -  Ga lac -  D e o x y r l -  

e ro l  t o s e  b o s e  e ro l  t o se  b o s e  

N o n e  72  5 71 5 1 5 5  1 0 0  1 0 0  1 0 0  

S u c r o s e  ( 1 0  m g / m l )  2 4 - -  - -  0 01 - -  - -  

D - G l u c o s e  (20  m g / m l )  10  0 3 3  6 15  1 0 12  0 46  0 09  

D - F r u c t o s e  (20  m g / m l )  25 9 6 2  9 2 4  8 0 3 4  0 8 8  0 1 5  

G l y c e r o l  ( 2 0  m g / m l )  - -  1 3 6  0 1 3 6  5 - -  1 9 2  0 87 

D - G a l a c t o s e  (20  m g / m l )  1 3 6  0 - -  1 5 4  0 1 9 0  - 0 99 

D e o x v r l b o s e  (5  m g / m l )  1 3 6  5 1 5 4  0 - -  1 91 2 18  - -  

effective inhibitor than fructose However, the galactose-mduced increase was 
slgmflcantly less sensitive to the presence of the other hexoses than was that 
reduced by either glycerol or deoxynbose  Incubation of  myceha in medium 
contalnmg galactose and deoxyrlbose resulted m a similar increase to that 
observed with deoxyrlbose alone 

The increase m glycerol klnase activity induced by incubation of myceha at 
low temperatures [2] was also affected by the addition of  carbon sources to 
the medmm Table III shows that in these experiments glucose acted as an 
inhibitor in contrast to the findings of Denor and Courtrlght [6] who did not, 
however, give the concentratmn of  glucose used, and incubated the myceha at 
the mltlal higher temperature for a shorter period Fructose had very httle 
effect, and in this respect the cold-reduced increase more closely resembled the 
galactose-lnduced increase than the glycerol-reduced increase However, neither 
glycerol nor galactose enhanced the cold-reduced mcrease, glycerol, in fact, was 

T A B L E  III  

E F F E C T  O F  A D D I T I O N  O F  C A R B O N  S O U R C E S  O N  T H E  C O L D - I N D U C E D  I N C R E A S E  IN G L Y -  

C E R O L  K I N A S E  A C T I V I T Y  

2 0 - m l  c u l t u r e s  we re  g r o w n  i n  s u c r o s e  m e d i u m  fo r  48  h a t  2 6 ° C a n d  t h e n  fo r  48  h a t  4~C A t  t h e  t i m e  o f  

t h e  t e m p e r a t u r e  c h a n g e  a d d i t i o n s  we re  m a d e  as i n d i c a t e d  a t  a c o n c e n t r a t i o n  o f  1 0  m g / m l  T h e  r e l a t i v e  

i nc r ea se  is t h e  o b s e r v e d  Inc rease  m s p e c l f m  a c t i v i t y  f r o m  t h e  l eve l  i n  a c u l t u r e  h a r v e s t e d  a f t e r  48  h a t  2 6 ° C  

(3 5 u n i t s )  r e l a t i v e  t o  t h a t  o b s e r v e d  In  a c u l t u r e  t o  w h i c h  n o  a d d i t i o n  was  m a d e  

A d d ~ t m n  S p e c l h c  a c t i v i t y  R e l a t i v e  i nc r ea se  

N o n e  83 6 1 0 0  

D - G l u c o s e  33  5 0 37  
G l y c e r o l  68  0 0 8 0  

D - F r u c t o s e  75 0 0 89 
D - G a l a c t o s e  77 8 0 9 2  
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Sucrose  ( rng / rnl ) 

F i g  4 I n h l b l t t o n  o f  co ld - r educed  inc rease  o f  g lyce ro l  l~nase  ac t iv i ty  by suc rose  20-ml  cu l tu res  w e r e  

i n c u b a t e d  m s u c r o s e  m e d m m  fo r  4 8 h  at  2 6 ° C  a n d  for  2 4 h  at  4 ° C  A t  the  t i m e  of  the  change  of  

t e m p e r a t u r e ,  m o r e  suc rose  was  a d d e d  a t  t he  e o n c e n t r a t m n  s h o w n  The  spec i f i c  a c t i v i t y  is g iven  re la t ive  to  

t h a t  m a cu l tu re  to  w h i c h  no  e x t r a  s u c r o s e  was  a d d e d  ( 1 2 0  u m t s )  

slightly inh ib i tory .  Addi t ion  o f  more  sucrose to  the  m ed iu m  at  the  t ime  of  the  
t e m p e r a t u r e  change also res t r ic ted  the  increase over  a wide range of  concent ra -  
t ions (Fig 4), a l though  some increase in act ivi ty  was always observed.  

Discussion 

The  da ta  p re sen ted  here  clearly d e m o n s t r a t e  tha t  glycerol  kmase act ivi ty  in 
N crassa is sensitive to  a change of  ca rbon  source,  and tha t  c o m p o u n d s  o the r  
than  glycerol  can induce  large mcreases m act ivi ty.  Results  m this (Fig 2) and a 
previous [5] r e po r t  lndmated  t ha t  induced  glycerol  klnase was subject  to  con- 
t lnuous  rapid reac t iva t ion  Since the  rate  o f  inact iva t ion  (as measured  by  the  
loss o f  e n z y m e  act ivi ty  a f te r  the  addi t ion  o f  cyc lohex lmide )  did n o t  vary,  and 
was n o t  d e p e n d e n t  on  the  compos i t i on  o f  the  med ium,  it was unl ikely  tha t  any 
o f  the  observed  ef fec ts  of  ca rbon  sources  was due  to  an e f f ec t  on inact ivat ion 
Rather ,  b o t h  the  increases m act ivi ty,  and the i r  inhibi t ion,  mus t  have revolved 
changes m the  ra te  o f  p r o d u c t i o n  of  glycerol  kmase act ivi ty,  a lmos t  cer ta in ly  as 
a resul t  o f  changes m the rate  o f  de novo  e n z y m e  synthesis  

In its response,  albei t  t ransient ,  to  a change o f  ca rbon  source  glycerol  kmase 
behaved m a similar m a n n e r  to  a n u m b e r  o f  o the r  e n z y m e s  involved in the 
initial steps o f  ca rbon  source  u t lhza t lon  in Neurospora The  activities of  m a n y  
dlsacchandases  are low in the  presence  o f  glucose, b u t  are e levated by  cer ta in  
ca rbon  sources  t ha t  are no t  necessari ly substrates  fo r  the  par t icu lar  e n z y m e  
[ 9 , 1 2 - - 1 5 ] .  

The  inh ib i to ry  e f f ec t  of  ca rbon  sources  such as glucose on the increase in 
act ivi ty tha t  occur red  a f te r  resuspenslon at  26°C (Tables I and II), and d u n n g  
incuba t ion  at  4 ° C (Table  III and Fig. 4), d e m o n s t r a t e d  tha t  glycerol  kmase was 
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subject to carbon catabohte  repression The inhibitory effects on the cold- 
induced increase provided an explanation for the observation that the level of 
activity at tamed during incubation at 4°C is dependent  on the age of the 
culture at the t ime the incubation temperature  is lowered the increase is much 
greater in cultures incubated for longer than 30 h at 26°C [10] Dunng growth 
the level of  sucrose (and glucose derived from it) will decrease, and so the 
inhibitory effect  on the glycerol klnase system will dlmlmsh and allow greater 
cold-induced increases to take place It was unhkely that  the inhibitory effects 
shown in Table II were due to an Inhibition of the uptake of  glycerol, galactose 
and deoxynbose"  increases in activity that  were not  due to the presence of  an 
ef fec tor  in the medium were still subject to a 'glucose effect ' ,  both at 26°C 
(Table I) and 4°C (Table III and Fig 4) Moreover, sucrose prevents further  
product ion  of  glycerol kinase activity when the myceha  have already taken up 
glycerol for  a period of 2 h [5] 

A number  of different  compounds  increased the level of glycerol klnase 
activity, and could thus be considered to be effectors of the system It is 
probable that  more than one mechamsm is involved There was evidence, for 
instance, that  glycerol and galactose achieved their effects m different  ways 
The effects were additive (Table II), and the increase in activity induced by 
galactose alone was much less sensitive to the 'glucose effect '  than was that  
induced by glycerol (Table II) When supplied as sole carbon source, galactose 
elevates the activities of a number  of  other  Neurospora enzymes whose activi- 
ties are low with glucose as carbon source [12--15] Galactose probably re- 
leases enzyme synthesis from carbon catabolite repression, and elevated the 
glycerol kmase actlwty by overcoming repression that  still occurred even in the 
absence of  sucrose, this repression could have resulted from the endogenous 
metabolism that  is known to occur in Neurospora [16] Glycerol was unlikely 
to have acted m the same way since it decreases the actlvltms of other  enzymes 
that  are low in the presence of  glucose but  are elevated with galactose [17] 
Glycerol probably acted by a specific lnduclve mechanism, acting itself as the 
inducer, or, as in Escherwhta colt [18,19] ,  as a precursor of the true inducer 

If an increase in glycerol kmase activity can be achieved both through a 
specific mduclve mechanism and through general relief of carbon catabohte 
repression, then the wide range in the levels of  activity achieved after resuspen- 
slon (Table I) must have reflected the d:ffermg ablhtles of the carbon sources 
to affect  both mechanisms It also indicates that  the cold-induced increase may 
result f rom the partial release of  glycerol klnase synthesis f rom catabohte  re- 
pression, and no t  necessarily f rom the generation of  an reducer Some sensitivi- 
ty to carbon catabohte  repression must be retained, however (Table III, Fig 4) 

Since elevated glycerol klnase activities were not  found in cultures grown on 
a single carbon source, except  when this was glycerol or galactose, and, since 
the observed increases m activity were transient, it is possible that  the enzyme 
was required for adaptat ion to the new growth conditions The lnact:vatlon of  
the enzyme would allow the rapid removal of the act:vlty when adaptatmn was 
complete It has been observed [10] that  during lncubatmn of sucrose-grown 
myceha in medium containing deoxyribose or rlbose the increase m glycerol 
klnase activity IS paralleled by an increase m the abihty of the cells to incorpo- 
rate glycerol carbon into macromolecules (HC104-msoluble materml) Since the 
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myceha gain this ablhty and the elevated glycerol kmase achvlty m the absence 
of exogenous glycerol, this could reflect a change on the endogenous metabo- 
hsm of the orgamsm. It is temptmg to speculate that glycerol kmase may have a 
role m endogenous metabohsm dunng adaptation penods 
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