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Summary 

A maize root  fraction which inactivates nitrate reductase has been shown to 
have protease activity which can be measured by the hydrolysis of azocasein. 
This inactivating enzyme was also found to inactivate yeast t ryptophan 
synthase. Yeast proteases A and B, which inactivate this latter enzyme, also 
gave a specific inactivation of the maize nitrate reductase. 

The maize root  inactivating enzyme, like yeast protease B, degraded casein, 
and was inhibited by phenylmethylsulphonyl  fluoride. A partially-purified 
yeast inhibitor prevented catalysis by the yeast proteases and maize root  
inactivating enzyme, but purified yeast inhibitors were without  effect on the 
latter protein. 

The level of nitrate reductase-inactivating activity, and associated azocasein- 
degrading activity, increased with age of the maize root. Evidence was obtained 
for a heat stable inhibitor which maintained them in an inactive state, 
especially in the young root  tip cells. 

Introduct ion 

The nitrate reductase-inactivating enzyme is a protein fraction that  has been 
isolated from the mature region of the primary root  of maize seedlings [1]. 
While specific for nitrate reductase, among a limited range of maize enzymes 
that  have been tested, it appeared to cause some degradation of casein [1,2]. It 
was also inhibited by phenylmethylsulphonyl  fluoride, an inhibitor of serine- 
dependent  proteases [2]. This maize root  inactivating enzyme appeared similar 
to a t ryptophan synthase-inactivating enzyme from Neurospora  [3] and yeast 
[4]. In the initial studies on the inactivation of t ryptophan synthase in yeast 
[4] the protease fractions involved were referred to as t ryptophan synthase- 
inactivating enzymes. Two fractions separated on hydroxyapat i te  were referred 
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to as Inactivase I and II. It was subsequently shown [5] that they were identi- 
cal to yeast protease A and B described earlier [6].  A yeast  fraction has also 
been shown to inactivate Neurospora t ryptophan synthase [7]. This paper 
reports a comparison of the maize inactivating enzyme with the yeast  proteases 
which inactivate t ryptophan synthase. 

Materials and Methods 

Maize root inactivating enzyme 
Nitrate reductase-inactivating enzyme was isolated from the mature roo t  

region of 4-day maize seedlings, as previously described [2]. Except  where 
stated, an approx. 40-fold purified sample (CM32 cellulose fraction) was used. 
Nitrate reductase [2] was a 40% (NH4)2SO4 precipitate of  the scutella from 
3-day maize seedlings dissolved in 25 mM phosphate (pH 7)/1 mM cysteine. 
1 unit of nitrate reductase was defined as that  amount  of enzyme which 
produces 1 nmol NO~ • h -1 at 25°C. A suitable aliquot of  inactivating enzyme 
was selected to give a 15--60% inactivation of  nitrate reductase in the total 2-h 
incubation period. Isocitrate lyase was also estimated as described previously 
[11. 

Isolation and assay procedures for yeast enzymes 
(1) Tryptophan synthase. Baker's yeast, Saccharomyces cerevisiae, was 

grown on the medium described by Katsunuma et al. [4]. The cells were 
harvested and suspended in 0.1 M phosphate (pH 7.2)/10-2 M EDTA/10-4 M 
pyridoxal phosphate and passed twice through a French press at 2500 lb/in 2. 
Tryptophan synthase was isolated by the method of Katsunuma et al. 
[4] to Step 4. This sample was prepared in 0.1 M phosphate (pH 7.2)/10 -2 M 
EDTA/5 mM serine/1 mM pyridoxal phosphate and enzyme activity measured 
as the rate of indole utilization [8].  1 unit  of  t ryptophan synthase was defined 
as that  amount  of  enzyme which utilizes 1 nmol indole • h -1 at 37 ° C. 

(2) Yeast protease sample. In this s tudy the yeast  fractions isolated by the 
procedure of Katsunuma et al. [4] to Step 5 will be referred to as yeast  
protease. This was suspended in 0.1 M phosphate (pH 7)/1 mM mercapto- 
ethanol. For part of  the work the yeast  sample was fractionated into protease 
A and B. A commercial sample of  baker 's yeast  supplied by Mauri Bros. and 
Thompson (Adelaide) was used for isoation of  the protease fractions. 

Yeast inhibitor 
A yeast  inhibitor fraction, which inhibits the action of  the above proteases 

on t ryptophan synthase, was isolated by  the procedure of  Ferguson et al. [9]. 
A commercial sample of yeast  was used and the fraction precipitated by treat- 
ment  with 45--85% (v/v) ethanol was dissolved in 0.1 M phosphate (pH 7)/ 
1 mM mercaptoethanol  and dialysed against the same buffer to remove ethanol. 
A sample of  purified protease A inhibitor 1 A [10] and protease B inhibitor [11] 
were kindly supplied by Dr. Holzer, Biochemisches Institut der Universit~it 
Freiburg im Breisgau, G.F.R. 

Protease and esterase activity 
Standard assay procedures were used for the assay of  azocasein-degrading 
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activity [ 12],  haemoglobin-degrading activity [ 13], azocoll degrading activity 
[ 5], carboxypeptidase activity on N-CBz-L-Phe-L-Ala [14] and esterolytic activ- 
ity on N-Ac-Tyr-Et or N-Bz-Arg-Et [15].  Protein was determined by the 
method of  Lowry et al. [ 16] after precipitation with 10% trichloracetic acid. 

Results 

Inactivation of tryptophan synthase 
The partially-purified yeast  and maize root  samples both inactivated yeast 

t ryptophan synthase (Table I). This inactivation was completely prevented by 
the yeast  inhibitor. Inhibition of  both inactivating systems was obtained with 
phenylmethylsulphonyl  fluoride, but  that  on the mature root  was more 
marked. The time course of  the inactivation of  t ryptophan synthase is illus- 
trated in Fig. 1. During incubation at 25°C, there was only a slight loss of  
t ryptophan synthase activity. Increased inactivation was found with the addi- 
tion of  the yeast  and maize inactivating enzyme, a logarithmic decay being 
observed up to 2 h. Neither the stability of t ryptophan synthase nor its rate of  
inactivation were influenced by the inclusion of  1 mM pyridoxal phosphate in 
the incubation medium. However,  this cofactor  at 0.1 mM was always used in 
the initial yeast  extraction medium. 

Inactivation of nitrate reductase 
Nitrate reductase from the maize scutellum was used as the substrate. When 

incubated at 25°C, there was a negligible (<10%) decrease in nitrate reductase 
activity. Any such loss was corrected for in our calculations. 

The yeast  protease sample promoted  an inactivation of nitrate reductase 
similar to that due to the maize root  inactivating enzyme (Table II). In both 
cases, the yeast  inhibitor completely protected nitrate reductase. Phenyl- 
methylsulphonyl fluoride inhibited the action of  the maize root  inactivating 
enzyme and gave a high level of inhibition of  the yeast  protease. The combined 
action of  the yeast  and maize sample on nitrate reductase was 80% of that  
expected from the individual activity of  each, additional evidence for a similar 
mechanism of action. 

T A B L E  I 

I N A C T I V A T I O N  O F  T R Y P T O P H A N  S Y N T H A S E  

A y e a s t  s amp le  ( 3 , 2 8  m g  p r o t e i n )  w i t h  1 5 8  u n i t s  t r y p t o p h a n  s y n t h a s e  w a s  i n c u b a t e d  w i t h  t h e  i n a c t i v a t i n g  
s y s t e m  for 9 0  r a in  a t  25°C b e f o r e  assay o f  t r y p t o p h a n  synthase  ac t iv i ty  ( 3 0  r a i n  a t  37°C) .  V a l u e s  f o r  inac -  
t i v a t i o n  have  b e e n  corr e c t e d  for  the  slight loss  o f  t r y p t o p h a n  synthase  ac t iv i ty  that  o c c u r s  during this  
per iod  o f  i n c u b a t i o n  (see  Fig.  1) .  All  sam p le s  w e r e  partial ly puri f ied as descr ibed  and the  prote in  c o n t e n t  
o f  e a c h  is s h o w n  in  b r a c k e t s .  PMSF = p h e n y l m e t h y l s u l p h o n y l  f luoride .  

Inact ivat ing s y s t e m  Un i t s  t r y p t o p h a n  synthase  inac t iva ted  • h -1 

Maize r o o t  ( 3 4 / ~ g )  3 8  
Yeast  (3 .4  m g )  3 4  
Maize  ( 3 4 / ~ g )  + y e a s t  i n h i b i t o r  (1 .7  m g )  0 
Yeast  (3 .4  r ag )  + yeas t  i n h i b i t o r  ( 1 .7  m g )  0 
Maize  ( 3 4  /~g) + P M S F  (1 r aM)  1 2  
Yeast  (3 .4  m g )  + P M S F  (1 m M )  3 0  
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Fig. 1. A yeas t  t r y p t o p h a n  syn thase  sample  (3 .28  m g  p ro t e in )  was  i n c u b a t e d  e i ther  a lone  (o) or  w i th  yeas t  
inac t iva t ing  e n z y m e  (1.7 m g  p ro t e in  m) or  ma i z e  r o o t  inac t iva t ing  e n z y m e  (42  #g p ro te in ,  A). E a c h  
sample ,  in a to t a l  v o l u m e  of  0 .4  ml ,  was  i n c u b a t e d  for  the  t i m e  s h o w n  b e f o r e  assay of  t r y p t o p h a n  
syn thase  ac t iv i ty .  

T A B L E  II  

I N A C T I V A T I O N  OF N I T R A T E  R E D U C T A S E  

A ma i ze  scutel la  sample  (0 .38  m g  p ro t e in )  wi th  69 uni t s  n i t r a te  r ed u c t a se  was  i n c u b a t e d  wi th  the  inac-  
t ivat ing sys t em for  90  m i n  at  25°C b e f o r e  assay o f  n i t r a te  r e d u c t a se  (30  rain at  25°C).  

Inac t iva t ing  sys t em Uni t s  n i t ra te  r educ t a se  inac t iva ted  • h -1 

Maize r o o t  (1 .4 pg)  23 
Yeas t  (0 .43  m g)  13 
Maize r o o t  (1 .4  pg)  + yeas t  inh ib i to r  (0 .43  rag)  0 
Yeas t  (0 .43  m g )  + yeas t  inh ib i to r  (0 .43  mg)  0 
Maize r o o t  (1 .4  pg)  + PMSF (1 m M )  0 
Yeast  (0 .43  m g)  + PMSF (1 m M )  4 

T A B L E  I I I  

A C T I O N  OF T H E  Y E A S T  P R O T E A S E  A N D  M A I Z E  R O O T  I N A C T I V A T I N G  E N Z Y M E  ON M A I Z E  
I S O C I T R A T E  L Y A S E  

The  40 - -60% ( N H 4 ) S O  4 p rec ip i t a t e  of  the  ma i z e  scu te l lum was  used  as the  sottrce o f  i soc i t ra te  lyase .  A 
sample  (82  /~g p ro t e in )  was  i n c u b a t e d  for  1.5 h a t  25°C wi th  20 m M  cys te ine  a n d  10 m M  MgC12. Th e  sam-  
ple of  yeas t  inac t iva t ing  e n z y m e  c o n t a i n e d  1.72 m g  p r o t e i n  an d  t h a t  o f  the  ma i ze  r o o t  2.8 pg. Th e  iso- 
c i t ra te  lyase ac t iv i ty  at  t he  e nd  of  the  i n c u b a t i o n  is shown.  Th e  init ial  ac t iv i ty  was  547  n m o l  g lyoxy la t e  
p r o d u c e d / h .  

I n c u b a t i o n  cond i t i ons  n m o l  g l y o x y l a t e  p r o d u c e d / h  

Compl e t e ,  i.e. w i th  MgCI 2 a n d  cys te ine  561 
m i n u s  MgCI 2 240 
m i n u s  cys te ine  398  
m i n u s  MgCI 2 a n d  cys te ine  223 

C o m p l e t e  w i th  yeas t  inac t iva t ing  e n z y m e  477  
C o m p l e t e  w i th  m a i ze  r o o t  inac t iva t ing  e n z y m e  534  
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It was necessary to check that  the action of the yeast inactivating enzyme on 
nitrate reductase was not  that of the a general protease. Its action on isocitrate 
lyase from the maize scutellum was investigated, since it was shown earlier that 
this enzyme was not  inactivated by the maize root  inactivating enzyme [ 1]. In 
the previous study with isocitrate lyase, a crude extract was used since the 
enzyme was extremely labile after isolation as a (NH4)2SO4 precipitate. It is 
shown in Table III that  this isocitrate lyase fraction was stabilized by the 
inclusion of  MgC12 and cysteine in the incubation medium. The most significant 
effect was due to MgC12. The yeast and maize root inactivating enzyme 
promoted a slight inactivation of isocitrate lyase. Since the scutella sample had 
a much higher specific activity for isocitrate lyase than nitrate reductase, the 
inactivation of the former was tested with a relatively low level of the scutella 
sample. Under these circumstances, nitrate reductase would have been com- 
pletely inactivated. Thus, although there was a slight inactivation of isocitrate 
lyase by the yeast and maize root inactivating enzyme, considerable specificity 
of action was indicated for nitrate reductase. 

Separation of  yeast protease A and B and characterization of  their action on 
nitrate reductase 

The yeast sample used above was separated, on hydroxyapati te ,  into two 
fractions, yeast protease A and B. Both fractions inactivated t ryptophan 
synthase and nitrate reductase (Table IV), but only protease B was sensitive to 
phenylmethylsulphonyl  fluoride. 

In the characterization of the maize root inactivating enzyme [2] the main 
purification was achieved by chromatography on CM-cellulose (CM32). On a 
column equilibrated with 10 mM acetate (pH 5), the maize root inactivating 
enzyme was recovered in a single fraction eluted with 10 column volumes of 
the initial buffer plus 50 mM NaC1. When the protease A and B fractions 
(isolated from hydroxyapati te)  were each chromatographed on CM-cellulose, 
they were recovered in the same fraction as the maize root inactivating enzyme. 
However, in contrast to the latter enzyme, there was a considerable loss of 
activity of yeast protease during dialysis and the subsequent chromatography 
step, especially in the case of protease B. The maize root inactivating enzyme 
lost no activity during incubation at pH 6, 7 and 8 at 25°C for 30 min. Data in 

T A B L E  IV  

A C T I O N  O F  P R O T E A S E  A A N D  P R O T E A S E  B F R O M  Y E A S T  ON T R Y P T O P H A N  S Y N T H A S E  A N D  
N I T R A T E  R E D U C T A S E  

The  yeast  proteases  A and B were  separated by  h y d r o x y a p a t i t e  c o l u m n  c h r o m a t o g r a p h y  and the assay 
procedures  for  t r y p t o p h a n  synthase  and nitrate  reductase  inact ivat ion  are descr ibed in Tables  I a n d  II.  

Prote in  PMSF Uni t s  t r y p t o p h a n  Uni t s  nitrate  
( m g / m l )  (1 raM) synthase  inact ivated  reductase  inact ivated  

( h - l .  ml-1) ( h - 1 .  ml-1) 

Protease  A 4.36 - -  580 95 

4 .36  + 575  90 
P ro tease  B 0 .17  - -  410  130  

0 .17  + 105  20 
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T A B L E  V 

N I T R A T E  R E D U C T A S E  I N A C T I V A T I N G  A C T I V I T Y  A N D  A S S O C I A T E D  P R O T E A S E  A C T I V I T Y  

The  ptd.maxy r o o t  (minus  0 - -2  c m  tr ip  reg ion)  of  4 day ma ize  seedl ings  w a s  used and e x t r a c t e d  w i t h  0 .05  
M p h o s p h a t e  (pH 7 .5 ) /5  • 10 -3 M cys te ine  a n d  5 • 10 -4 M E D T A  (4 vols.: 1 g tissue f resh weight ) .  The 
CM-cellulose f rac t ion  was  e lu ted  wi th  50 m M  NaCI added  to  10 m M  ace t a t e  (pH 5), the  initial c o l u m n  
buf fe r .  The  e n z y m e  act iv i t ies  g iven axe r e f e r r ed  to  in the  fo l lowing  units :  n i t r a te  reductase  inact ivat ion ,  
uni ts  n i t ra te  r educ t a se  i nac t iva t ed  pe r  h; azocase in  deg rada t ion ,  A 4 4 0  uni ts  pe r  h;  h a e m o g l o b i n  degrada- 
t i o n , / ~ m o l  a m i n o  acid re leased  pe r  h ; c axboxypep t ida se ,  ~ m o l  a lanine re leased  pe r  h.  

F r ac t i on  V o l u m e  Pro te in  To ta l  act iv i ty  
(ml)  ( m g )  

Ni t ra te  Azocase in  H a e m o g l o b i n  Carboxy-  

r e duc t a s e  degradat ion  degradat ion  pept idase  
inact ivat ion  act iv i ty  

27 000  X g supe rna t an i  82  36 7 320  16.9 77 185 
4{)---65% ( N H 4 ) 2 S O  4 12 25 6 288  7.1 56 74 

p rec ip i t a t e  
pH 4 s u p e r n a t a n t  18 8 13 644  26.6 39 54 
CM-cellulose f r ac t ion  32  1.6 10 930  22.2  12 20 

the literature [5] indicates that  the yeast proteases are more labile, especially 
at pH 6 (protease B) and pH 8 (protease A). On hydroxyapat i te ,  the maize root  
inactivating enzyme was eluted as one species at approx. 100 mM phosphate. 

Proteolytic activity associated with the nitrate reductase-inactiving enzyme in 
the maize root 

The main purification steps used for the isolation of the maize root  inacti- 
vating enzyme are shown in Table V. An activation occurred during pH 4 
t reatment  and a final 34-fold purification resulted. The recovery and purifica- 
tion of the azocasein-degrading activity is similar to that  of the nitrate 
reductase-inactivating activity and an activation is again observed. There is 
apparently additional azocasein-degrading activity in the crude extract, which is 
not  associated with the inactivating enzyme and is no t  recovered in the fraction 
precipitated by 40--65% saturation with (NH4)2SO4. In the isolation procedure 
for the inactivating enzyme there is no correlation with haemoglobin-degrading 
or carboxypeptidase activity and no activation of these two species. A low 
recovery of each was obtained in the CM-cellulose fraction where all the 
nitrate reductase-inactivating and associated azocasein-degrading activity was 
found. The latter activities were inhibited by 1 mM phenylmethylsulphonyl  
fluoride, but  0.1 mM p-chloromercuribenzoate was without  effect. 

A further comparison of  the maize root and yeast proteases 
Unlike yeast protease B, the maize root  inactivating enzyme had no 

esterolytic activity on N-Ac-Tyr-Et or N-Bz-Arg-Et and does not  act on azocoll. 
The maize root  inactivating enzyme was also shown to be inhibited by a 
partially purified yeast inhibitor sample. However, it was later found not  to be 
inhibited by the purified protease A inhibitor 1 A [10] or the protease B inhibi- 
tor 1 B [11]. Up to 10 pg of each inhibitor was tested with 14 pg maize inacti- 
vating enzyme and found to have no effect. The inactivating enzyme was pre- 
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T A B L E  VI 

D I S T R I B U T I O N  OF N I T R A T E  R E D U C T A S E - I N A C T I V A T I N G  AND A Z O C A S E I N - D E G R A D I N G  AC- 
T I V I T Y  A L O N G  T H E  M A I Z E  R O O T  

T h e  pr imary  r o o t  o f  3 d a y  m a i z e  s eed ings  w a s  s e c t i o n e d  and  e x t r a c t e d  as in Table  V .  Ni trate  r educ tase -  
inact ivat ing  a n d  a z o c a s e i n - d e g r a d i n g  act iv i ty  w e r e  d e t e r m i n e d  o n  t h e  40- -60% (NH4 )  2 SO 4 p r e c i p i t a t e  o f  
e a c h  sample .  E a c h  r o o t  s a m p l e  w a s  s e c t i o n e d  f r o m  1 0 0  seed l ings  a n d  data  e x p r e s s e d  per  r o o t .  

R o o t  s a m p l e  Fresh  w e i g h t  Ni tra te  r e d u c t a s e  
( d i s t a n c e  f r o m  t ip ,  c m )  (mg)  i n a c t i v a t i o n  (un i t s  

n i trate  r e d u e t a s e  
inac t iva ted  per  h) 

A z o c a s e i n  d e g r a d a t i o n  

(A440  uni t s  per  h)  

0--1 12 .5  0 0 
1- -2  14.6 0.8 0 
2--3 14.2 1.8 0 .07  
3--4 14.9 2.5 0.11 
4- -5  15.1 1.9 0.19 
5 - 6  14.0 2.2 0 .22  

incubated with each inhibitor for 10 min at 25°C before addition of  nitrate 
reductase. Another yeast enzyme which is sensitive to yeast protease B is 
fructose 1,6-bisphosphatase [17] .  It was found in the present study that the 
maize inactivating enzyme also inactivated this yeast enzyme and its action was 
again prevented by phenylmethylsulphonyl  fluoride. 

Influence of root age on the activity of  the inactivating enzyme 
No nitrate reductase-inactivating activity was detected in the young root tip 

(0--1 cm) region of  primary roots (Table VI). Activity was detected in the next  
root fraction and increased with distance from the tip. There is a similar 
pattern for increase in azocasein-degrading activity with age of  the root. It has 
previously been observed that nitrate reductase from the root tip is much more 
stable in crude extracts than from the mature root region [18] .  

When the root  tip sample was treated at pH 4, nitrate reductase-inactivating 
and azocasein-degrading activity was discovered (Table VII). Both activities 
were sensitive to phenylmethylsulphonyl  fluoride and the nitrate reductase- 

T A B L E  VII  

D E M O N S T R A T I O N  OF A N I T R A T E  R E D U C T A S E  I N A C T I V A T I N G  E N Z Y M E  IN T H E  MAIZE R O O T  

TIP  

T h e  r o o t  t ip (0--1 c m )  o f  t h e  p m n a r y  r o o t  o f  3 -day  m a i z e  s eed l ings  was  used .  T h e  e x t r a c t i o n ,  fract iona-  
t i o n  p r o c e d u r e  and  e n z y m e  ac t iv i ty  un i t s  are as  in Tab le  V .  T h e  i n h i b i t i o n  o f  n i trate  r e d u c t a s e  inact iva-  
t i o n  w a s  t e s t e d  w i t h  m a t u r e  r o o t  inact ivat ing  e n z y m e .  

F r a c t i o n  Prote in  T o t a l  act iv i ty  I n h i b i t i o n  o f  
( m g )  ni trate  r e d u c t a s e  

Ni trate  A z o c a s e i n  inac t iva t ion  
r e d u c t a s e  d e g r a d a t i o n  (%) 
i n a c t i v a t i o n  

40- -60% ( N H 4 ) 2 S O  4 p rec ip i t a t e  12 .0  0 0 80 
pH 4 supe rna t an t  4 .0  860  0 .82  34 
CM-ce l lu lose  f rac t ion  0.2  620  - -  33 
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inactivating activity was shown to chromatograph on CM-cellulose as for the 
mature root  species. It was also established that  the original fraction of  the root  
tip (which had no inactivating activity) had inhibitory activity against the 
mature root  inactivating enzyme. This inhibitory component  was no t  destroyed 
by 10 min in a boiling water bath. After pH 4 t reatment  of  the root  tip sample 
(which released the nitrate reductase-inactivating activity) there was a decrease 
in the inhibitor activity. 

In crude extracts of  the yeast  cell, where high levels of  an inhibitor mask the 
protease~ (especially protease B), incubation at pH 5 resulted in release of  
protease activity [7,19].  When crude extracts of  the maize root  tip, maize 
scutella or spinach leaf were incubated at pH 5 for 18 h at 0 and 25°C (+1% 
Ca2+), no consistent enhancement  of  nitrate reductase-inactivating activity was 
observed. 

Discussion 

Two t ryptophan synthase-inactivating enzymes described by Katsunuma et 
al. [4] were later shown by Saheki and Holzer [5] to correspond to  protease A 
and protease B respectively. These had been described earlier by Lenney [6].  
Evidence is presented in this paper which suggests that  a component  of  the 
maize root,  first characterised as a nitrate reductase inactivating enzyme [1],  
also appears to be a protease. Both the yeast  and maize roo t  protease have been 
shown to be highly specific, the maize root  species only inactivating nitrate 
reductase [1] and the yeast  proteases attacking t ryptophan synthase and a 
limited group of other  enzymes [20].  All three proteases have also been 
characterised by hydrolysis of  one of the following non-physiological sub- 
strates: haemoglobin (protease A), azocoll (protease B) and casein or azocasein 
(maize root  protease). 

In the present study,  it was shown that the maize root  protease inactivates 
t ryptophan synthase from yeast  and that both yeast  proteases act on the maize 
nitrate reductase and again appear to be specific. While this may suggest a 
similarity in the mechanism of action of  the proteases, nitrate reductase and 
t ryptophan synthase could have some structural feature which makes them sus- 
ceptible to such proteases. It has been shown in animal cells [21] that  the half 
life of a range of  enzymes is correlated with their size and charge, the larger 
molecules with acidic polypeptides being most  labile in vivo. It has also been 
established in both  animal and bacterial cells that  catabolic rates of proteins 
correlate well with their relative sensitivity to a variety of  proteases in vitro 
[21].  Nitrate reductase is a relatively large molecule with a molecular weight of  
about  2 X 10 s and an isoelectric point  in the acidic pH range, two fractions of  
the spinach leaf enzyme being identified at pH 3.5 and 4.9 by isoelectric 
focussing [22].  It has been shown for E. coli [23] that, in the tetrameric 
enzyme t ryptophan synthase, one type  of  subunit  is much more susceptible to 
degradation. Tryptophan synthase, like nitrate reductase, is also very labile in 
vitro [3,24].  

The maize root  protease (molecular weight 44 000), although approximately 
the same size as yeast  protease A (40 000), is more similar to the smaller yeast  
protease B (32 000). Like the maize protease it is inhibited by phenylmethyl-  
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sulphonyl fluoride [5], degrades casein [25] and has a pH optimum in the 
neutral to alkaline pH range (5.5 on t ryptophan synthase [25] and 9 on casein 
[26], whereas protease A is an acid protease. Unlike protease B, the maize 
protease is not  inhibited by p-chloromerctlribenzoate and has no esterolytic 
activity. All three proteases appear to have similar charge properties as 
indicated by their chromatography on CM-cellulose at pH 5. While a partially 
purified yeast inhibitor fraction acted as inhibitor to the maize root protease, 
pure yeast protease inhibitors were without  effect. A protease from Neurospora 
[3], which also inactivates t ryptophan synthase, has similar characteristics to 
the maize root protease and yeast protease B. 

An inhibitor of the protease in maize root appears to be dissociated from it 
by t reatment  at pH 4. This may explain the activation of nitrate reductase- 
inactivating and azocasein-degrading activity during the pH 4 step in the purifi- 
cation procedure and the demonstration of an active form (presumably 
enzyme • inhibitor complex) of the protease in the young root tip cells. The 
inhibitor, like that  in the yeast cell, is heat stable. No activation of haemo- 
globin-degrading or carboxypeptidase activity in the maize root was detected. 
In crude extracts of yeast, protease B was recovered in a largely inactive state 
and incubation at pH 4.8 and 25°C gave a 50-fold increase in t ryptophan 
synthase-inactivating activity [10]. The activation of protease B was mediated 
by the inactivation of its inhibitor by protease A. A similar incubation of crude 
plant extracts gave no consistent activation of nitrate reductase-inactivating 
activity. 

The level of nitrate reductase-inactivating and azocasein-degrading activity 
increased with the age of the root. It remains to be determined how the level of 
the inhibitor changes, but, in yeast, an increase in the level of protease with age 
is accompanied by an increase in inhibitor level [27]. 

It is considered that yeast proteases have a role in enzyme inactivation in the 
cell and are involved in a process of catabolite inactivation [28]. One can only 
speculate on a function for the maize root protease, but there is evidence that  
nitrate reductase has a higher rate of degradation in older root cells, where 
higher levels of protease have been demonstrated [29,30]. 
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