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SUMMARY 

A substance has been isolated from maize scutella which inhibits both maize 
and bovine liver catalase in vitro, but which does not affect maize peroxidases, 
a group of catalytically related hemoproteins. The substance has been purified 
by affinity chromatography on immobilized catalase. The inhibitor is both heat 
labile and non-dialyzable, suggesting it is a protein. 

Maize catalase (H 2 02 :H 202 oxidoreductase, E.C. 1.11.1,6) appears to be 

regulated by a number of diverse mechanisms during the first several days of 

seed germination. Although a single structural gene is expressed in the immature 

kernel, at or about the time of seed maturation a second locus begins to be ex- 

pressed (3,6). The isozymes encoded by these two loci have distinct physico- 

chemical and kinetic properties (4). The isozymes also have different turnover 

rates, and these rates appear to be a major factor controlling the expression of 

the two loci (i, 3). During the same developmental period, the levels of catalase 

in the maize seed also appear to be influenced by increasing compartmentation in 

glyoxysomes (5), and the preferential secretion of one isozyme from excised scu- 

tella in response to the plant hormone gibberellic acid (7). The presence of a ca- 

talase inhibitor in maize was first suggested by anomalous recoveries during the 

purification of catalase from 24 hour imbibed seeds. No such anomalies were ob- 

served in four day seeds. In this communication we describe the purification of 

this inhibitor by affinity chromatography on immobilized catalase and report on 

its preliminary characterization. 

IThis work was supported under AEC contract AT(38-I)-770. 
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MATERIALS AND METHODS 

Immobilization of the catalase: We have taken advantage of the affinity of the 

maize inhibitor for bovine liver catalase, which is commercially available in 

crystalline form, in the purification procedure. For preparation of the gel, I. 5 

grams of cyanogen bromide-activated sepharose (Pharmacia Fine Chem. ) were 

washed by suspension in five 50 ml aliquots of I mM HCI. Washes were removed 

by vacuum filtration. After removal of the final wash, the gel was washed in the 

funnel with 15 ml of 0.1 M bicarbonate buffer of pH 8.5. The gel was then sus- 

pended in an enzyme coupling solution, which consisted of approximately 

7000 units of bovine liver catalase (2x crystallized, Sigma) in i0 ml of the 

bicarbonate buffer. The suspension was incubated on a reciprocating shaker 

at room temperature. After three hours, the coupling solution was removed by 

vacuum filtration. No catalase activity was found in the filtrate. The gel 

was then washed with 50 rnl of bicarbonate buffer, and with eight alternating 

20 rnl volumes of acetate buffer (0.1 M, pH 4.0) and borate buffer (0.1 M, pH 8.5). 

Both buffers contained 1 M NaC1. The gel was resuspended in bicarbonate buffer. 

The activity of the immobilized catalase was assayed using a modification of 

the polarographic method previously described (4). A special reaction vessel 

was constructed to allow the introduction of solid gel through a port in the 

side of the chamber. For assay, the excess buffer in a slurry of the gel was 

removed by vacuum filtration. A small portion (approximately I0 rag) of the 

partially dried gel was weighed and introduced into the reaction vessel on a 

microspatula. Using this method, assays are reproduceable to 

within 5%. Repeated partial drying of the catalase-Sepharose gel had no effect 

on the activity of the enzyme. Using the coupling procedure described above, we 

routinely obtain specific activities of 5-6 catalase units per mg of gel, which is con- 

venient for analytical purposes. For preparative purposes, the amount of catalase 

240 



Vol. 63, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

in the coupling solution is increased to approximately I00,000 units per I0 ml of 

solution, and specific activities of 40-50 units per mg of gel are generally observed. 

Following coupling, all gels are stored at 0-4°C in bicarbonate buffer for at least 

one week to a11ow for the inactivation of any remaining reactive sites on the gel matrix 

Chromatography: Sufficient catalase-Sepharose slurry was placed in a chro- 

matographic column (I cm dia.) to give a packed bed volume of 2.5 ml. Col- 

umn effluent was monitored through a flow cell at 280 nm. The column was 

washed with 80 ml of 0.01 M__ phosphate buffer at pH ?. 0. The scutellar ex- 

tracts were prepared by grinding 8-10 grams of 24 hr. scutella with sand in 

30 ml of the phosphate buffer. Seeds used in these experiments were from the 

highly inbred line 229 (3). The extracts were centrifuged at I0,000 xg for 20 min- 

utes. Lipid material was removed from the surface of the extract and the super- 

natant was applied to the affinity column. Unbound proteins were eluted from 

Table i. Nonadditivity of Catalase Activities in Mixed Scutellar Extracts 

Catalase Activity (U/ml) 

Day 1 Extract 5 

Day 4 Extract 281 

Expected Activity 
of a i:i mixture* 142 

Observed Activity 
of a i:i Mixture 62 

% Inhibition 66% 

*Expected Activity = (Day i Activity + Day 4 
Activity)/2 
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the column with 0.01 Mphosphate buffer at pH 7.0. After the absorbance at 280nm 

had returned to baseline, the inhibitor was eluted from the column with 1 M NaCI. 

For preparative purposes, larger extract volumes are passed through im- 

mobilized catalase of higher specific activity in a batch method using a Buchner 

funnel. Unbound proteins are washed off the gel (typical gel volume is approxi- 

mately I0 rnl) with 750 ml of 0.01 M phosphate buffer at pH 7.0 prior to elution of 

the inhibitor with 15 ml of 1 M NaCI. The inhibitor preparation (the NaCI wash) 

is dialyzed against the phosphate buffer overnight prior to use. 

Enzyme Assays: Catalase was assayed, polarographically as previously des- 

cribed (4). Peroxidase activity in the extracts was determined by monitoring the 

oxidation of o-dianisidine at 460 nm (2). 

RESULTS AND DISCUSSION 

As shown in Table i, when the i0,000 xg supernatants from 1 and 4 day 

scutellar extracts are mixed in equal volumes, the catalase activity of the mix- 

ture is less than the sum of the activities added. The unmixed extracts show less 

than a 5% loss of activity upon standing for several hours at room temperature. 

The activity of the mixture is also stable after the initial inhibition reaction, 

which takes less than 5 minutes. This argues strongly against proteolysis as 

the source of the non-additivity observed in the mixing experiment. Simple 

dilution effects can also be eliminated since both 1 and 4 day extracts can be 

diluted by a factor 2 orders of magnitude greater than is employed in the mix- 

ing experiments with no loss in enzyme activity. 

Although extensive investigations have not yet been completed on the spe- 

cificity of the inhibitor, the fact that it inhibits bovine liver catalase nearly as 

effectively as maize catalase, but does not inhibit maize peroxidases, a group 

of catalytically related hemoproteins (Table 2), suggests that it may be highly 

specific. 

243 



Vol. 63, No. 1,1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

j O.B 

c 3,6 

~ 3.+4 

o 

1M NaCI  

! 
,,% 

10 20  3 0  4 0  5 0  6 0  + -  7C~ + 8 0  

i 

>, 

4 0  -> u 
3 0  • 

20 ~ 

Elution Volume (ml) 

F i g u r e  1. Elut ion prof i le  of a c rude  Day 1 scu te l l a r  homogenate t h rough  the 
ca t a l a se -Sepha rose  column.  The peak of U. V. a b s o r b i n g  mater ia l  e luted 
by  the NaC1 is co inc iden t  with inh ib i to r  ac t iv i ty  (dashed  l i n e ) .  Bed volume 
of the column is  2.5 ml. 

A typ ica l  e lu t ion prof i le  of a 24 hour  ext rac t  t h rough  the ca ta l a se -Sepharose  

column is shown in  F igu re  1. Fol lowing e lut ion of the bu lk  of the scu te l l a r  p r o -  

t e ins  th rough  the column,  a small  peak of U. V. a b s o r b i n g  mater ia l  can be e luted 

with 1 M NaCI. As shown by  the dashed  l ine ,  this  peak  is co inc ident  with the peak 

of i nh ib i t o r  ac t iv i ty .  Unsubs t i t u t ed  Sepharose  showed no abi l i ty  to b i n d  i n h i b i t o r .  

If the immobi l ized catalase is r emoved  from the column at va r i ous  po in ts  in  

the p r o c e d u r e ,  washed  with buf fe r ,  and  as sayed  for catalase ac t iv i ty ,  it can be 

seen (Table  3 ) that  the ac t iv i ty  of the immobil ized catalase is s ign i f i can t ly  de-  

p r e s s e d  fol lowing incuba t ion  with the 24 hour  ex t rac t  (due p r e s u m a b l y  to the 

b i n d i n g  of i n h i b i t o r ) ,  and  that  the ac t iv i ty  is r e s to r ed  by w a sh i ng  with NaC1. 

Exper imen t s  with c rude  24 hour  homogenates  show that  the i nh ib i t o r  is 

n o n - d i a l y z a b l e  . We have s ince  conf i rmed that  the pu r i f i ed  i nh i b i t o r  is  also 

n o n - d i a l y z a b l e .  

The i nh ib i t o r  is  also heat lab i le  (Table  4) .  These  facts ,  in con junc t ion  with 

the appa ren t  a b s o r b a n c e  of the i nh ib i t o r  at 280 nm,  sugges t  that  it  is a p r o t e i n .  
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Table 3. Activity of the immobilized catalase during the inhibitor purification 

procedure. 

Catalase Units/mg gel 

P r i o r  to i n c u b a t i o n  w i t h  
24 h r .  e x t r a c t  

After incubation with 
24 hr. extract 

After NaCI wash 

4 . 1 0  _+ O. 16"  

3.68 -+ 0.21 

4.20 J= 0.29 

* S t a n d a r d  d e v i a t i o n s  of  a t o t a l  of  s e v e n  r e p l i c a t e s  i n  two  i n d e p e n d e n t  e x p e r i m e n t s  
u t i l i z i n g  t h e  s a m e  b a t c h  of  i m m o b i l i z e d  c a t a l a s e .  

T a b l e  4.  Heat Lability of the Inhibitor 

C a t a l a s e  A c t i v i t y  % Inhibition 

C o n t r o l  ( S u b s t r a t e  c a t a l a s e  67 .2  ~ 2 . 9  
+ buffer) 

H e a t e d  I n h i b i t o r  * + s u b s t r a t e  
c a t a l a s e  

Unheated Inhibitor + substrate 
catalase 

70.8 + 1.4 0 

37.1 + 4.9 44.8 

* Heated at 50°C for 40 rain. 

P r e l i m i n a r y  ge l  f i l t r a t i o n  o n  G - 1 0 0  c o l u m n s  i n d i c a t e  t h a t  i t  h a s  a m o l e c u l a r  w e i g h t  

of  a p p r o x i m a t e l y  2 0 , 0 0 0 .  T h e  s y s t e m  m a y  b e  i d e a l  f o r  t h e  s t u d y  of  p r o t e i n - p r o t e i n  

i n t e r a c t i o n s  a n d  of  e n z y m e  s t r u c t u r e - f u n c t l o n  r e l a t i o n s h i p s .  E a c h  of t h e  c a t a l a s e  

s u b u n i t s  p r e s u m a b l y  p o s s e s s e s  a t  l e a s t  two  s u b u n i t  b i n d i n g  s i t e s  ( t h e  e n z y m e  i s  a 

t e t r a m e r ) ,  a s  w e l l  a s  a n  i n h i b i t o r  b i n d i n g  s i t e  w h i c h  m a y  o r  m a y  n o t  b e  d i s t i n c t  

f r o m  t h e  a c t i v e  c e n t e r .  A n u m b e r  of  w e l l  d e f i n e d  a l l e l i c  a n d  n o n - a l l e l i c  v a r i a n t  

2 4 5  
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cata lases  are ava i lab le  in  maize to facili tate such s tud ies .  

The p r o b a b l e  p ro te inaceous  n a t u r e  of the i nh ib i t o r  is also of cons ide rab l e  

genet ic  i n t e r e s t  in  that r e c o v e r y  of i nh ib i t o r  v a r i a n t s  should  enabte  us  to de-  

fine the gene r e s p o n s i b l e  for i nh ib i t o r  e x p r e s s i o n .  Th i s ,  in t u r n ,  would allow 

complete charac te r i za t ion  of a p o s t - t r a n s l a t i o n a l  enzyme r e g u l a t i n g  mechanism 

at the gene t ic ,  b iochemical ,  and  developmenta l  l eve l s .  
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