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Summary.  - A highly specific rabbit antiserum raised against anionic peroxidase (PRX) purified from 
cucumber (Cucumis sativus L., cv. Laura) cotyledons infected with tobacco necrosis virus (TNV) was used to 
further investigate the antigenic relatedness of peroxidases in the selected plant species. Immunoblot analysis 
using native polyacrylamide electrophoresis (PAGE) revealed that the antiserum recognized only fast-moving 
anionic PRX isoenzymes and that cross- reacting protein bands were present in five plant species belonging 
exclusively to the Solanciceae family. There was no serological cross-reaction indicated in virus-infected plant 
species from three other dicotyledonous families (Amarcinthaceae, Chenopodiaceae andLeguminosae). Marked 
qualitative, as well as quantitative-differences in the degree of serological relatedness were apparent. 
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I n t r o d u c t i o n  

Virus  infection can have a dramatic e f fec t  on its plant 
host and frequently releases a cascade o f  events resulting in 
the disease syndrome. Many plants show a hypersensitive 
response (HR) to v i r u s  infection, which often results in 
necrotic local lesions at the primary infection sites (Ponz 
and Bruening, 1986). This type  o f  defense  response i s  ac­

companied  b y  the  tr iggering o f  a w i d e  r ange  o f  inducible 

defense  genes  cod ing  f o r  a n u m b e r  o f  defense-related p ro ­

teins ( for  review see  Bowles,  1990). However, the best-known 

g roup  o f  infect ion-,  o r  a m o r e  broadly, stress-induced p lant  

proteins is  f o r m e d  b y  t h e  diverse classes o f  pathogenesis-

related ( P R )  prote ins  (Bol  et al., 1987; Bowles ,  1990).  

A m o n g  t h e m  the  peroxidases  have  b e e n  studied extensively 

Abbreviations: HR = hypersensitive response; ICF = intracellu­
lar f lu id ;  PAGE = po lyac ry lamide  gel e lect rophoresis ;  
PR = pathogenesis-related; PRX = peroxidase; SDS = sodium 
dodecyl sulphate; TNV = tobacco necrosis virus 

in h igher  plants  f o r  m a n y  years  (Gaspar  et al., 1982; Grep-

pin  etal., 1986; Penel  et al., 1992; Wellinder  etal., 1993). 

A n  acidic P R X  is induced a n d  rapidly accumula ted  in  

t he  cotyledon t issue o f  t he  c u c u m b e r  (Cucumis  sativus L. ,  

cv. Laura),  reacting hypersensitively t o  infec t ion  wi th  T N V ;  

it  i s  absent  f r o m  the  comparable  heal thy cotyledons  (Repka  

et al., 1991). This  P R X  consists  o f  at  least  th ree  serological­

ly related molecular  f o r m s  o f  slightly d i f ferent  molecular  

m a s s  (Repka a n d  Slováková, 1994). In previous observa­

tions (Repka  a n d  Vanek, 1993), it w a s  indicated that  bes ide  

the  v i rus  infect ion this  P R X  was  induced b y  var ious biot ic  

a n d  abiotic stimuli.  Subsequently, a n  organ-specif ic  pa t te rn  

o f  expression was  demonstrated us ing  a highly speci f ic  anti-

P R X  se rum (Repka a n d  Jung ,  1995), p repared  against  t he  

pur i f ied  P R X  proteins (Repka and  Slováková, 1994). 
To obtain a more exact idea about the potential role(s) o f  

these P R X s  in diseased plant, w e  attempted to ascertain 
whether proteins related to cucumber P R X  are induced in 
divergent plant species upon T N V  inoculation. Moreover, 
w e  describe the use o f  immunoblot analysis in the investi­
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gation of  the extent of homology of  these PRXs by deter­
mining their antigenic relatedness to the cucumber PRX. 

Materials and Methods 

Plant material. Cucumber plants (Cucumis sativus L., 
cv. Laura) were raised in 10 cm pots containing a sterilized 
standard potting compost in a greenhouse at temperature 
maintained between 20  - 30 'C .  Other plant species used 
(for a complete list see Table 1) were grown in a perlitc-
peat compost in a greenhouse at the same temperature re­
gime as described above for 2 to 3 months after sowing. All 
plants were watered daily and fertilized weekly with Subs-
tral (Henkel, Bratislava, Slovakia). 

Inoculation of plants. Cotyledons of about 7-day-old cu­
cumber plants were abrascd using carborundum and then in­
fected with partially purified suspension ofTNV as described 
previously (Repka and Slovákova, 1994)..Solanaceousplants 
were modulated with TNV when 8 to 12 weeks old. Seven-
week-old and 8-weck-old Chenopoclium c/uinoa and Ama-
ranthus emeritus, respectively, were similarly inoculated with 
TNV Vigna unguiculata plants were inoculated at the eight-
leaf stage with TNV and the resulting necrotic areas were 
removed for extraction after 7 days. Leaves of control plants 
were inoculated similarly with virus isolation buffer. 

Protein extraction. Water-soluble extracellular proteins 
were extracted from cotyledons and leaves by the vacuum 
infiltration procedure as described in detail elsewhere (Rep­
ka et al., 1993). The intercellular fluid (ICF) thus obtained 
was centrifugally concentrated using a Microcon-3 micro-
concentrator (Amicon, Witten, FRG) following the proto­
col recommended by the supplier. The samples were used 
immediately or frceze-dricd and stored at -20 'C.  

Discontinuous PAGE (10% gel) o f  acidic proteins was 
performed at 4 ' C  under native conditions according to Lac-
mmli (1970), with the exception that sodium dodccyl sul­
phate (SDS) was omitted from all buffers and the sample 
buffer did not contain (.i-mcrcaptoethanol. Each lane was 
loaded with equal amount o f  proteins and Bromphenol Blue 
as a marker. PRX isoenzymes in gels were visualized by 
activity staining using 0.03% hydrogen peroxide and 0.03% 
3,3-diaminobenzidine as the hydrogen donor, at pH  7.0 
(Repka and Slovákova, 1994). 

Protein concentration in samples was estimated with the 
Bradford (1976) reagent using bovine scrum albumin as the 
standard. 

Jmmunohlot analysis. Proteins separated on native poly-
acrylamidc gels were elcctroblotted at 4 ' C  for 20  hrs at 
50  m A  to a nitrocellulose membrane (Protran BA-85, 
0.45 |im, Schlcichcr and Schucll, Dasscll, FRG) with 0.7% 
acetic acid as blotting buffer. Following the transfer, the 
membrane was baked at 80'C for at least 8 hrs to inactivate 

endogenous PRX activity. The membrane was blocked in 
Blotto solution containing 5 %  non-fat dry milk and further 
processed basically as described previously (Repka and 
Slovákova, 1994). For obtaining a complex picture about 
the presence of individual PRX isoenzymes, a mixture of 
cucumber anti-PRX 1, 2 and 3 antibodies was employed. 

Densitometry. Protein bands on the dried gels stained for 
PRX and on the immunoprocessed blots were estimated 
u s i n g  a computer ized  dens i tometer  GDS 5 0 0 0  
(UVP Products, Cambridge, UK). 

Results 

Comparison of PRX zymograms of selected plant species 

To separate and assay the anionic PRX isoenzymes, total 
water-soluble proteins extracted from TNV-infected leaves 
of the selected plant species were subjected to high-resolu­
tion native PAGE. The activity staining (Fig. 1 A), as well as 
the computer densitometry analysis (Table 1) clearly dem­
onstrated that there was none or  a very little anodic PRX 
activity present in the extracellular spaces  of A. cruentus or  
C. c/uinoa and cowpea leaves, respectively. In other plant 
species tested, the similarity of the PRX zymograms was 
obvious, particularly with respect to the fast-moving anion­
ic group of PRX bands. Notably, except for  the presence of 
the fast-moving anionic PRX bands in the ICF extracts, 

T a b i c  1. T o t a l  a n i o n i c  P R X  act iv i t ies  in  leaves f r o m  selected T N V -

in fec ted  p l a n t  spec ies  expres sed  a s  a n u m b e r  o f  i soenzymes  de t ec t ed  

b y  c o m p u t e r - a s s i s t e d  d e n s i t o m e t r y  

Plant spccics  C o d e  Total n u m b e r  o f  detected 

anionic  P R X  fas t -moving  P R X  

Family  Solanaceac 

Datura stramonium D S T  

(thorn-apple)  

Nicotiana tabacum-xanthi N T X  

Nicotiana clevelandii N C L  

ľctunia hybrida PHY 
Lycupersicon esculcntum L Ľ S  
(tomato) 

Family Chcnopodiaccae 
Chcnopodium quinoa C Q A  

Family Amarantliaceae 
Amaranthus cruentus A C R  

Family Leguminosae 
Vigna unguiculata V U N  

Family Cucurbitaccac 
Cucumis sativus CUC 
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Fig .  1 
PAGE p a t t e r n s  of anionic  P R X s  in ex t race l lu la r  ex t ract s  f r o m  selected TNV-infected p l a n t  species  

Polyacrylamidc g e l s  ran under native conditions at 4 ' C  w e r e  stained for  PRX activity with  3,3-diaminobcnzidine (A)  or subjected to immunoblot 
analysis us ing  the antiserum against the cucumber PRX (B). Each lane w a s  loaded with  5 0  j i g  (A)  or 100 p g  (B)  o f  proteins. For the codcs o f  the 
species  tested s e e  Table 1. P R X  1-3 refer  to the three stress-related anionic peroxidase isoenzymes accumulated in TNV-infccted cucumbcr cotyledons. 

a marked variability in the number and intensity of these 
bands was also observed (Fig. 1,A, Table 1). 

Immunological relationships 

The immunoblot analysis using the antiserum against 
cucumber PRX revealed that the antiserum did not cross-
react with the slowly-moving PRXs separated in the upper 
part of the gel (Fig. IB). On the other hand, immunoreac-
tive signals only of  the fast-moving anionic PRX were ap­
parent. 

Using the immunoblot procedure, extracts f rom 9 plant 
species representing 5 families were tested for  a possible 
serological cross-reactivity. Surprisingly, beside the extract 
from TNV-infected cucumber cotyledons, the antiserum 
gave a positive signal exclusively with the  Solanaceous spe­
cies. N o  specific reaction occured with extracts f rom the 
three non-Solanaceae  species, although they reacted hyper-
sensitively to TNV-infection (Table 2). 

In all f ive  Solanaceous species the antiserum recognized 
a set of extracellular PRXs with differential degree of spe­
cificity. The most intense signals occured in thorn-apple, 
petunia and tomato, and to a lesser extent in both tobaccos. 
Furthermore, it was interesting to see that the bands o f  the 
same intensity after the activity staining gave a very differ­
ent patterns o f  cross-reactivity with the antiserum against 
TNV-induced cucumber PRX. 

T a b l e  2 .  S y m p t o m s  p r o d u c e d  in  p l a n t s  i n f e c t e d  w i t h  T N V  a n d  

serologica l  c ro s s - r eac t i on  o f  p r o t e i n s  e x t r a c t e d  f r o m  t h e s e  p l a n t s  

w i t h  t h e  a n t i s e r u m  a g a i n s t  c u c u m b e r  P R X  a s  d e t e r m i n e d  b y  

i m m u n o b l o t  ana ly s i s  

Species  S y m p t o m s  Cross-rcaction  • No. o f  reacting 
codc isoenzymes 1 1  

DST necrotic local lesions + 4 
N T X  brown necrotic lesions + 3 
NCL necrotic lesions and 

systemic mosaic + 3 
PHY small necrotic lesions + 2 
LES yel low ring spots + 1 
CQA brown necrotic local lesions - -

A C R  leaf curling - -

VUN dark brown local lesions - -

cuc redish-brown necrotic lesions + 3 

• Ascertained by  immunoblot analysis.  
h Evaluated by  computcr-assistcd densitometry. 

Discussion 

Fast-moving anionic PRX isoenzymes serologically ho­
mologous to cucumber virus-inducible P R X  were induced 
in most plant species that developed necrosis followingTNV 
infection. Our results demonstrate that the antiserum proved 
to be specific for  cucumber PRX and reacted only with ho­

» 
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mologous P R X isoenzymes in the Solanaceous plant spe-
eics. 

Hendriks  et al. (1990) studied the antigenic relationships 
between petunia P R X  and speci f ic  PRXs  in otherSolanace-
ae. They reported that all fast-moving anionic P R X bands, 
present in the plant species tested, cross-reacted with the 
antiserum against petunia PRX. In contrast, w e  also dem ­

onstrated that  the  cucumber  ant i -PRX se rum cross-reacted 

differentially on ly  with s o m e  isoperoxidase bands  present  

in t he  pattern o f  a part icular  species.  T h u s  the  epitopes rec­

ognized arc  not the  highly homologous amino acid sequences 

present  in all p lant  P R X s  (Wcllinder, 1985; Lagrimini  et 

al., 1987; Rober ts  and  Kolattukudy, 1989). 

T h e r e  was  n o  correlat ion,  however, between P R X  induc­

tion and  types o f  symp toms  produced.  For instance, T N V  

infect ion o f  C.  quinoa a n d  K. unguiculata plants resulted in 

a rapid lethal necrosis with n o  P R X  production. O n  the  other 

hand, t he  plant  species reacted to  T N V  inoculation only with 

the  product ion o f  mosa ic  o r  chlorosis (generally non-necro-

tizing),  e.g. tomato,  produced the  immunoreact ive  P R X .  It 

is very interesting that  s imilar  type o f  response was  typical 

f o r  o ther  PR-prote ins  in bean plants infected with tobacco 

r ingspot  vi rus  (Schgal  el al., 1991). 

In this  context ,  there  arc  several acceptable explanations,  

none  o f  which  be ing  mutually exclusive. (1)  T h e  absence 

o f  v i rus  inducible anionic  P R X  in necrotizing plant  species 

could b e  explained a s  a consequence  o f  rapid col lapse and 

cell death.  T h e  P R X  fails  t o  accumulate  in these species to  

a detectable level o r  is no t  synthesized at  all. (2)  In these  

species,  s o m e  o f  the  basic P R X  isoenzymes may  b e  related 

t o  this  process .  

Inversely, the  presence o f  the  virus-induciblc anionic P R X  

in non-necrot izing plant  species corroborate  the  generally 

accepted  theory  tha t  P R X  accumula t ion  represents  only 

a pa r t  o f  complex  biochemical  machinery  associated with 

the  localization o f  a vi rus  (Van Loon,  1983). It is important  

to  note,  however, that  the  necrosis  is not directly responsi­

ble fo r  vi rus  localization. Taken together, f rom these results 

it is apparent  that  PRX production and  tissue necrosis  a rc  

independent  events.  

Induction o f  proteins related to  virus-induciblc cucum­

b e r  an ionic  PRX in diverse plant  species underl ines similar 

homcosta t ic  ad jus tments  in response t o  d i f ferent  environ­

mental  st imuli .  O u r  results presented in this  work prove that  

proteins analogous  to  the  cucumber  PRX are synthesized in 

unrelated species  upon viral infection. 
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