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Polyphenoloxidase Activity in Healthy Maize 
Plants and in those Infected by the Maize Rough 

Dwarf Virus (MRDV) 1 

Introduction. The rote of phenol-oxidiz ing enzymes  in 
the  defence mechanisms of p lants  against  the i r  pa thogens  
in general  has been comprehens ive ly  reviewed by  FARKAS 
and KIRALY 2. The  significance of these enzymes,  as re- 
gards localizat ion of infect ion b y  p lan t  viruses in par t icu-  
lar, was discussed by  FARKAS et  a l . a  However ,  in all in- 
stances referred to by  these  authors ,  none of the p lan t  
viruses involved  was of the  p ropaga t ive  leafhopper-borne  
group, which differ in m a n y  respects f rom o ther  viruses 4. 
I t  was therefore  deemed wor thwhi le  to t e s t  the  poly-  
phenoloxidase  ac t iv i ty  following infect ion by  a v i rus  such 
as the  one causing the  rough dwar f  disease oi maize.  Un-  
like o ther  p lan t  viruses s tudied in this respect,  M R D V  is 
no t  mechan ica l ly  transmissible,  ye t  i t  spreads fair ly 
rapid ly  in young  maize seedlings fol lowing inocula t ion by  
the  na tu ra l  vector ,  the  Araeopid  p l an thoppe r  Delphacodes 
striatella (Fall6n) 5. 

Materials and Methods. The  maize plants  serving for 
these tests  were all of the hybr id  va r i e ty  'Laguna  El i te ' ,  
which is h igh ly  susceptible to  MRDV.  T h e y  were grown 
in a field under  sprinkler  i rr igat ion.  Samples  for enzyme  
tests,  consist ing of 6 hea l t hy  plants  and  6 non- infected 
ones, were  ha rves ted  a t  cer ta in  da tes  fol lowing vec tor  
inoculat ion (Table), which took place in the field 4-5 days  
af ter  germinat ion .  Non- infec ted  plants  were chosen on the 
basis of absence of any  visible symptoms .  All tes ted plants  
were free of any  de tec tab le  fungus or  pest  injuries.  The  
sample  p lants  were s t r ipped of thei r  leaves and sheaths,  
and  i - r am- th i ck  t ransverse  sections were sliced ou t  of  
eve ry  internode.  These disk-shaped slices were mace ra t ed  
for 60 sec in a War ing  Btendor  wi th  60 ml  of ace ta t e  buf-  
fer p H  4.8. The  bomogena tes  were then  centr i fuged a t  
2500 r p m  Ior 10 rain a t  4°C. The  supe rna tan t  was f i l tered 
and kep t  in the  cold for the nex t  step. De te rmina t ion  of 
polyphenoloxidase  ac t iv i ty :  t he  m e t h o d  adap ted  for this  
purpose  in the  present  work  was based upon the  reports  
of KEILIN and MANN 6 and of FAR,AS and LEDIN~HAM 7. 
Pyrogal lol ,  f reshly prepared  for each reaction,  served as a 
substrate ,  and the  l ight  absorbancy  of the  purpurogal l in ,  
formed by this  react ion,  was read  a t  430 rapt in a Bausch  
and  L o m b  colorimeter .  

Results and Discussion. Opt ima l  condi t ions  for react ion : 
Polyphenoloxidase  ac t i v i t y  of hea l t hy  p lan t  ex t rac t s  was 
assayed in t he  p H  range  of 3.6-7.8. Ace ta t e  buffer  was 
used for p H  3.6-5.6, and phospha te  buffer  for 5.7-8.0. 
The  ac t i v i t y  curve  obta ined  for this p H  range showed t h a t  
the  whole span be tween  4.8 and  7.8 was op t ima l  for this 
purpose.  Similar  results  regarding this  enzyme,  t hough  in 
apple  tissue, were repor ted  by  POrTInG and JOSLYN s. 

The  effect  of t e m p e r a t u r e  on this  a c t i v i t y  was tes ted  
in the  range of 10-65°C following 4 min  reaction.  An 
o p t i m u m  pla teau  was recorded be tween  30 and 50°C. 
E v e n  a t  60°C ac t iv i ty  was still v e r y  high, while at  a t em-  
pera ture  higher  t h a n  65°C the subs t ra te  was decomposed.  

Increase in the  molar  concent ra t ion  of the  subs t ra te  
f rom 0.0625 to  2 .0M resulted in an increase of ac t iv i ty ,  
though  the  ra te  of increase beyond  the  1 M  poin t  was 
fair ly low. Ac t iv i t y  rose l inear ly  wi th  the  increase of 
p l an t - ex t r ac t  vo lume  up to the  po in t  of  0.4 ml. 

The  init ial  ve loci ty  curve  of this  react ion showed t h a t  
an  a c t i v i t y  per iod of 4 min,  under  the  above-ment ioned  
coIiditions, fits well wi th in  the  l inear  pa r t  of  the  diphasic 
enzymat ic  ac t iv i ty  curves. 

Based upon these p repa ra t ive  results,  t he  condi t ions  
for the  reac t ion  compar ing  hea l thy  and diseased p lants  

were set  a t  p H  4.8, 37°C, 0.2 ml  p lan t  ex t rac t ,  1 M  sub- 
s t rafe  concentra t ion,  and a 4-rain incubat ion  period, af ter  
which the  react ion was t e r m i n a t e d  by  the  add i t ion  of 
0.5 ml  of 20% H~SO4. 

Po lyphenolox idase  ac t iv i ty  in hea l t hy  and diseased 
p lan t s :  E a c h  one of the  6 ma ize  s ta lk  samples  was assayed 
in 5 repl icates  w i th  appropr ia te  blanks.  The  average  ne t  
va lues  of this enzymat ic  ac t iv i ty ,  for the  6 sample  plants  
a t  each date,  are  presented  in the  Table .  The  Table  shows 
a r emarkab le  increase in a c t i v i t y  following the  sys temic  
spread of the  v i rus  in the  plant .  At  28 days  af ter  inodula- 
t ion,  the  value  for infected p lants  was near ly  3 t imes  as 
high as t h a t  of hea l t hy  plants.  F r o m  t h a t  age onwards  
there  is a cons tan t  decrease of this  enzyme  a c t i v i t y  in 
infec ted  t issue unt i l  the  difference be tween  hea l t hy  and 
infected p lants  becomes ins ignif icant  a t  56 days  a f te r  
inoculat ion,  when non- infec ted  p lants  of th is  va r i e t y  
begin to flower. 

The  respect ive d ry  m a t t e r  percentages,  inc luded in the  
Table,  c lear ly  demons t ra t e  tha t ,  con t r a ry  to expecta t ion ,  
the  virus  tends  r a the r  to  de lay  the  senescence of the  in-  
fected t issue by  keeping its d ry  m a t t e r  con ten t  a t  a con- 
s iderably lower level  t h a n  t h a t  of non- infec ted  p lan t s  of 
the  same age. Hence,  the  difference in ac t i v i t y  be tween  
hea l thy  and infected plants  is ac tua l ly  even  grea te r  t h a n  
t h a t  indica ted  in the  Table.  At  any  rate,  no p reven t ion  of 
spread or  local izat ion of infec t ion  of this  pa r t i cu la r  v i rus  
seems to t ake  place, even  when  the  s t imula t ion  of poly-  
phenoloxidase  ac t i v i t y  reaches an ex t en t  comparab le  to 
that of the ins tances  of other vi ruses  where locMization 
does occur  a. I t  should,  however ,  be admi t t ed  t h a t  these 
two  s i tuat ions  are  not  whol ly  comparable ,  as local lesions 
are formed wi th in  1-2 days  af ter  mechan ica l  inocula t ion  
of an  ent ire  leaf surface, whils t  in the  case of MRDV,  in- 

Polyphenoloxidase activity ~ in healthy and MRDV-infected maize 
plants at different ages 

Days after 28 days 42 days 56 days 
inoculation 

Optical % dry Optical % dry Optical % dry 
density matter density matter density matter 

in plant in plant in plant 

Non- 0.016 8.13 0.022 9.16 0.024 15.11 
infected 

MRDV- 0.046 8.56 0.036 7.65 0.028 9.68 
infected 

Expressed as optical density, at 430 nqz, per 100 mg dry matter 
after 4 rain reaction. 
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Iection spreads from a very small number of insect feeding 
sites, and the amount  of inoculum introduced into the 
plant is so minute tha t  after 2 days any increase in en- 
zymatic act ivi ty  is still immeasurably low. 

The hi therto accepted view, though with some reserva- 
tions, tha t  cereal plants do not contain polyphenoloxi- 
dases, and tha t  the act ivi ty  which has nevertheless been 
recorded in such plants is at tr ibutable to fungus spores or 
mycelia 2, appears to be an overstatement  in the light of 
the present results. 

Zusammen/assung. Der Wirkungsgrad der Polyphenol- 
oxydase gesunder Maispflanzen btieb withrend der Gesamt- 
dauer ihres Wachstums praktisch unver~ndert. Er  ver- 
dreifachte sich hingegen in jungen Pflanzen, die mit  dem 
Virus der Rauhverzwergung des Maises systematisch 
infiziert wurden, 

I. HARPAZ and M. KLEIN 

Hebrew University, Faculty' o/Agriculture, Rehovot 
(Israel), October I8, 1963. 

A c t i o n  of Acetylcholine on the Responsiveness  of 
Effector Cells 

The responsiveness of submaxillary gland cells to chem- 
ical stimuli increases gradually when the gland has been 
disconnected from the central nervous system by section 
.of the chords tympani  1 or t rea tment  with ganglion block- 
mg agents 2. Lack of secretory impulses seems to be re- 
sponsible for this effect, for some supersensitivity can be 
brought about simply by reducing the inflow of secretory 
impulses to the salivary nuclei; this is at tained by cutting 
afferent fibres of the secretory reflex*. This regulatory 
function of the secretory impulse on the responsiveness of 
the gland cell is exerted by acetylcholine, as shown by the 
facts tha t  supersensitivity develops when the trans- 
mit ter  is prevented from being released by the nerve im- 
pulse, after administration of botulinum toxin 4, or from 
acting on the glandular cells because of prolonged treat- 
ment of the experimental  animal with atropine or atro- 
pine-like drugs s. The supersensitivity created by these 
procedures, or by postganglionic parasympathet ic  de- 
nervation 8, is more pronounced than tha t  following sec- 
tion of the preganglionic chorda fibres, suggesting that  the 
responsiveness of the gland cells is dependent not only on 
transmitter  released by the secretory impulse but  also on 
acetylcholine leaking from the endings of the postgan- 
glionie parasympathet ic  fibres 7. 

In the investigations described so far, supersensitivity 
has been produced in different ways by depriving the 
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R~sponses (drops of saliva as ordinates) of the submaxillary glands 
of a cat to 5 ~glkg adrenaline, given intraeardially on four different 
Occasions (abscissa :" time in days). Lower line: normal gland. Upper 
line: contralateral gland, decentralized three weeks earlier by section 
of the chorda-linguM nerve. The rectangle demonstrates the time of 

treatment with eserine, as described in the text. 

gland for a long time of some action of acetylcholine. In 
the present experiments the gland has, instead, been sub- 
jected to the action of acetylcholine in excess, and the 
consequential effect on the responsiveness studied. The 
sensitivity of the submaxillary gland of cats to adrenaline 
was examined using a method which permits repeated ob- 
servations at  intervals of some days*. By injecting eserine 
sulphate subcutaneously for two days (0.5 mg/kg in the 
morning and 1.0 mg/kg in the evening), the gland was ex- 
posed to increased concentrations of endogenous acetyl- 
choline. 24 h after the last injection the responsiveness of 
the gland was estimated, and again repeatedly during the 
following days. Eserine t rea tment  was found to lower the 
sensitivity of the gland, as shown in the Figure. This wag 
the case in a normally innervated gland, and also in a 
gland previously decentralized by section of the chorda. 
When the t rea tment  with eserine was discontinued, the 
sensitivity gradually rose again. 

The acetylcholine preserved by the eserine probably 
originated from the gland, leaking from the postgan- 
glionic endings and, in the case of the normal gland, also 
liberated by the secretory impulse. I t  cannot  be ex- 
cluded, however, tha t  in the presence of eserine some 
acetylcholine reached the gland from extraglandular 
sources by way of the blood stream. 

The experiments support the view tha t  the concentra- 
t ion of acetylcholine in contact  with the effector cells de- 
termines the responsiveness of these cells; even the so- 
called 'normal '  level of sensit ivity is variable and depen- 
dent  on the amounts of acetylcholine acting on the ceils. 

Zusammenfassung, Bei der Katze wird die Empfindlich- 
keit der Submaxillarisdriise gegentiber chemischen Reizen 
verrislgert, wenn wghrend zwei Tagen subkutane Eserin- 
injektionen verabreicht  werden. Damit  ist bewiesen, dass 
das Empfindlichkeitsniveau der Driise yon der Acetyl- 
cholinkonzentration abh~ngig ist. 

N. EMMELIN 
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January 7, 1964. 
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