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Peroxidase Isozymes from Meloidogyne spp. 
and Their Origin ~ 

J. L. STARR 2 

Abstract: Two  peroxidase  isozymes (El 0.43 and  0.53) were detected by e lect rophoret ic  analysts 
in homogena tes  of  Meloidogyne arenaria, M. hapla, M. ]avanica, and  M. incognita females  reared 
on  tomato.  No peroxidase  isozymes were detected electrophoret ical ly  in homogena t e s  of a d u l t  
males,  preparasi t ic  larvae, or  eggs. Peroxidase  isozymes from females reared on bean,  eggplant ,  or  
tobacco differed f rom those f rom females reared on tomato.  Bean and  eggplan t  popu la t ions  had  
a single peroxidase isozyme each, respectively E r 0.21 and  0.28. No peroxidase  isozymes were 
detected in tobacco popu la t ions  u n d e r  the  condi t ions  used, a l t h o u g h  total  activity assays did re- 
veal low levels of  peroxidase  activity in homogena te s  of tobacco popula t ions .  T h e  peroxidase  
isozymes detected in females reared on tomato  or bean appear  s imilar  to the  peroxidase  isozymes 
presen t  in root -knot  galls, ad jacent  unga l led  roots, a nd  roots f rom un inocu l a t ed  p lan ts  of the  
cor responding  hosts. T h e  probabi l i ty  is discussed tha t  most  of  the  peroxit tase activity associated 
wi th  Meloidogyne spp. females is of  hos t  origin.  Key Words: root -knot  nematodes ,  enzymes,  micro- 
gel electrophoresis,  host -paras i te  re la t ion.  

Huang and co-workers (2) reported that 
Meloidogyne incognita infections el tomato 
resulted in increased peroxidase activity in 
the host tissue during the development o1 
second-stage larvae and adult females, but 
not during the development of the third 
and fourth larval stages. Huang and co- 
workers (3) also reported that M. incognita 
infections of tomato stems, but  not of roots, 
resulted in the appearance of peroxidase 
isozymes that were not detectable in the 
absence el  tile nematode. Hussey and co- 
workers (5, 6) reported the presence of two 
peroxidase isozymes in tile homogenates of 
M. incognita and M. arenaria females that 
had been reared on tomatoes, and subse- 
quently (6) reported the presence of 
peroxidase activity in the styler secretions 
of M. incognita females. They also reported 
that the host plant affected the number of 
peroxidase isozymes detectable in homog- 
enates of adult  female nematodes (5, 6). 

To  explore further the involvement of 
peroxidases in the Meloidogyne-host inter- 
action, the present study was undertaken: 
to determine the level of peroxidase activ- 
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ity in different developmental stages of 
Meloidogyne spp.; 2) to reexamine the effect 
of tiost plant on tile peroxidase isozyme 
profile of Meloidogyne spp. females; and 3) 
to compare tile peroxidase isozyme profile 
from the nematode with the peroxidase 
isozyme profile of the host plant. A pre- 
liminary report has been published (9). 

MATERIALS AND METHODS 

Nematode populations were reared 
routinely on Lycopersicon esculentum Mill. 
(cv 'Rutgers') under greenhouse conditions 
(24 ~ 5 C). Forty (lays after inoculation, 
adult  females were extracted from root tis- 
sue after treatment with Pectinol 59-L 
(Rohm and Haas, Philadelphia, PA 19105) 
as described by Hussey (4). Nematode egg 
masses separated from root debris were 
treated with !.05% NaCIO for 4 min. Eggs 
freed from the gelatinous matrix in tltis 
manner were collected on a 26-/~m screen. 
This procedure resulted in a very clean 
preparation of eggs. Preparasitic second- 
stage larvae (L._,) were collected by placing 
a suspension of eggs on a 26-tLm screen and 
incubating for several days at 24 C as de- 
scribed by Vrain (10). Adult  males were 
collected from plants inoculated with 
20,000 eggs per 10-cm-diam pot. To  increase 
the number of males developing, abont two- 
thirds of the top growtlt of each plant was 
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removed 10 days after inoculation. After an 
additional 18-day incubation period the 
roots were harvested, washed free of soil, 
and placed in moisture chambers. Males 
emerging from the roots during a four-day 
incubation period were /land-picked from 
the root washings. 

Crude homogenates of nematode sam- 
ples were prepared as described by Hussey 
et al. (5). The  nematodes were surface- 
sterilized by treating with 0.1% chlorhex- 
idine acetate for 15 rain, then rinsed three 
times with cold 0.01 M phosphate buffer 
(pH 7.5) containing 0.85% NaC1 and 0.001 
M MgCI2. The  samples were then homoge- 
nized at 4 C in 1.5 volumes of the same 
buffer with Potter Elvehjem tissue grinders; 
homogenates were centrifuged for 20 min at 
3000 g at 4 C. The  resulting supernatant was 
used for all assays of peroxidase activity; 
protein concentrations of the supernatants 
were determined by the Lowry method (7). 

Peroxidase isozymes present in the nema- 
tode samples were determined in an anionic 
"micro"-gel electrophoresis system (8). 
Seven percent polyacrylamide separating 
gels with 2% stacking gels were cast in 
50-/,1 micropipettes; samples of 5 to 10 #g 
protein (ca. 5/,1) were layered over tile gels. 
Electrophoresis was at 4 C with 140 volts 
until  the tracking dye had migrated 15 ram. 
The  microgels were collected for assay by 
gently breaking the glass micropipettes. 
Sites of peroxidase activity were determined 
by incubating the gels in 0.01 M phosphate 
buffer (pH 6.0) containing 0.03% H20.,; 
O-dianisidine was used as the co-substrate 
(1). Total  peroxidase activity in different 
samples was measured colorimetrically as 
the change in absorption at 460 nm 
(AA4~0n,~ min -~ mg protein -~) using the same 
reaction mixture at pH 5.0. 

Host tissues analyzed for peroxidase 
activity consisted o[ whole root-knot galls, 
adjacent ungalled root tissue, and roots 
from uninoculated plants. Homogenates of 
host tissues were prepared as described 
above. 

Data presented are from tests repeated at 
least once on different nematode and plant 
samples. 

RESULTS 

Electrophoretic analysis of peroxidase 
isozymes present in different developnlental 

stages of Meloidogyne spp. revealed two 
isozymes in tile homogenates of adult  fe- 
males reared on tomato (Table 1). Those 
isozymes had mean Ef values o[ 0.43 and 
0.53 and appeared to be similar for each 
species tested (Fig. 1). No peroxidase 
isozymes were detected electrophoretically 
in homogenates of adult males, eggs, or pre- 
parasitic L2 from any of the species tested 
(Table 1). 

Assays [or total peroxidase activity re- 
vealed very low levels of activity in homog- 
enates of eggs and preparasitic L2 of each 
Meloidogyne species tested (Table 2). Tota l  
peroxidase activity was two to three orders 
of magnitude higher in homogenates of 
adult  females than that detected in the eggs 
or preparasitic L~. Homogenates of M. 
hapla females had the greatest peroxidase 
activity when O-dianisidine was the co- 
substrate (H-donor), with reduced levels of 
activity with similar concentrations o[ other 
co-substrates. Homogenates of M. hapla 
eggs had no detectable activity when 
H-donors other than O-dianisidine were 
used as co-substrates. 

When homogenates prepared from M. 
hapla reared on Solanum meIongena L. (cv 
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FIG. 1. Peroxidase isozynle profiles obtained by 
electrophoretic separation with a micro-gel system 
of proteins from: A) Meloidogyne java~dca females; 
and B) M. hapla females. Both populations reared 
on tomato. 
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TABLE 1. Peroxidase isozylnes detected by micrn-gel electrophoresis in different populations of 
Meloidogyne spp. reared on tomato. 

Number of peroxidase isozymes 
Species and origin Adult females • Adult males Eggs Preparasitic L 2 

M. arenaria 
Florida, USA (#352) 2 
Ohio, USA (:~79-2) 2 
Japan (~168) 2 

M. hapla 
North Carolina, USA (# 14) 2 
Chile (#171) 2 
Kenya (#348) 2 

M. javaniea 
North Carolina, USA (#7-2) 2 
Ethiopia (#313) 2 
Kenya (#349) 2 

M. incognita 
North Carolina, USA (# 19) 2 
Belgium (#89) 2 

0 0 

- -  - -  b 

0 0 0 

0 0 

0 0 0 

*Mean E r values for the two isozymes detected in adult females are 0.43 and 0.53. 

' L o n g  Purp le ' ) ,  Nicotiana tabacum L. (cv 
'NC-2363') ,  o r  Phaseolus vulgaris L. (cv 
' R e d  Kidney ' )  were  e x a m i n e d  e lect ro-  
p h o r e t i c a l l y  for  pe rox ida se  isozymes ant i  
c o m p a r e d  w i t h  the  isozyme prof i le  f rom 
females  r e a r e d  o n  toma to ,  the  isozyme pro-  

TABLE 2. Total peroxidase activity in the 
different developmental stages of Meloidogyne 
arenaria, M. hapla, M. javanica, and M. incognita. 

/kAt60nm KCN 
Species miu -t mg protein-l" inhibition ~' 

M. arenaria #79-2 
Adult females 1.43 + 
Eggs 0.007 + 
preparasitic 1, 2 0.004 + 

M. hapla #348 
Adult females 1.08 + 
Eggs 0.002 + 

M. ]avanica #313 
Adult females 1.44 + 
Eggs 0.014 + 

M. incognita @89 
Adult females 1.54 + 
Preparasitic L 2 0.024 + 

"O-dianisidine used as the co-substrate (H-donor). 
b(+) denotes complete inhibition of activity in the 
presence of 0.75 #m KCN. 

file d i f fered for each hos t  (Fig. 2). Females  
r e a r e d  on  t o m a t o  h a d  two p e r o x i d a s e  
isozymes of  E~ 0.43 a n d  0.53, wh i l e  females  
r ea r ed  on  e g g p l a n t  a n d  bean  h a d  one  
p e rox ida se  isozyme each (respect ive E~ 
values  of 0.28 a n d  0.21). Pe rox ida se  isozymes 
were  no t  de t ec t ed  in  h o m o g e n a t e s  of  fe- 
males  r e a r e d  on  tobacco.  A to ta l  ac t iv i ty  
assay, however ,  r evea l ed  pe rox ida se  ac t iv i ty  
of  AA~0nm m i n  -1 m g  p r o t e i n  -I = 0.16. Tes t s  
w i th  M. incognita a n d  M. ]avanica females  
r e a r e d  on  the  same hosts  gave p e r o x i d a s e  
isozyme profi les  i den t i ca l  to those obse rved  
w i t h  M. hapla females.  

C o m p a r i s o n  of  pe rox ida se  isozymes of  
M. hapla females r e a r e d  on t o m a t o  or  b e a n  
w i th  the  isozymes of the  host  tissues r evea l ed  
some s imi la r i t i es .  F o r  b o t h  hos t -pa thoge n  
systems, the  p e r o x i d a s e  isozymes r o u t i n e l y  
de t ec t ed  in  the  n e m a t o d e  were  also p re sen t  
in  the  galls,  a d j a c e n t  u n g a l l e d  tissue, a n d  
roo ts  f rom u n i n o c u l a t e d  p l a n t s  of the  cor- 
r e s p o n d i n g  hos t  (Fig. 3 a n d  4). T h e  hos t  
r o o t  tissues also h a d  a d d i t i o n a l  p e r o x i d a s e  
isozymes t ha t  were  n o t  d e t e c t e d  in  the  
nematodes .  A d d i t i o n a l l y ,  the  ga l l  t issue of  
b o t h  hosts  h a d  pe rox ida se  isozyme profi les  
t ha t  d i f fered  s l igh t ly  f rom those  of  the  ad- 
j a c e n t  u n g a l l e d  roo ts  a n d  roo t s  f rom 
u n i n o c u l a t e d  p lan t s .  
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F I G .  2-4. Schematic representation of peroxidase 
isozyme profiles from Meloidogyne hapga females 
and different host tissues. 2) Isozyme profiles from 
nematodes reared on: A) tomato; B) eggplant; and 
C) bean. 3 & 4) Comparison of isozyme profiles from 
nematodes reared on tomato or bean, respectively, 
with tissues from the corresponding host. A) M. 
hapla females; B) M. hapla root galls; C) adjacent 
ungalled root-tissue; and D) root tissue from un- 
inoculated plants. 

DISCUSSION 

Of the different developmental  stages of 
Meloidogyne species tested only the adult  
females appear to have significant levels 
of peroxidase activity. T h e  peroxidase 
isozymes detected in the females appear  to 
be identical to those reported in M. incog- 
nita females by Hussey and Sasser (6). T h e  
low levels of peroxidase activity detected in 
homogenates of Meloidogyne spp. eggs and 

preparasitic L2 may be due to nonspecific 
oxidases. Differences in peroxidase activity 
between the adult  females and the eggs 
appear to be unrelated to co-substrate spec- 
ificity. 

It is interesting that, of the develop- 
mental  stages of Meloidogyne spp. tested for 
peroxidase activity, only the adult  females 
have fed on host tissue and only they have 
significant peroxidase activity. Also, as re- 
ported by Hussey and co-workers (5, 6), the 
host plant has a major  effect on the per- 
oxidase isozymes detectable in homogenates 
of adult  females. These observations lead 
to the conclusions either that the host 
influences the peroxidases produced by the 
nematode, or that the peroxidases isolated 
from the nematode are of host origin, 
ingested dur ing feeding. T h e  apparent  
similarity in electrophoretic mobili ty of 
peroxidase isozymes from M. hapla females 
reared on tomato or bean to peroxidase 
isozymes isolated from different host tissues 
lends support  to the latter hypothesis. 

From these data, most of the peroxidase 
activity detectable in the homogenates of 
Meloidogyne spp. females appears to be of 
host origin and, therefore, may not play an 
important  role in the host-parasite inter- 
actton. Tile data provide no insight, how- 
ever, on the origin of the peroxidase activity 
detected by Hussey and Sasser (6) in the 
stylet secretions of M. incognita females. 
The  origin of this peroxidase activity must 
be determined before any role can be as- 
signed peroxidases in the Meloidogyne-host 
interaction. 

Contrary to the earlier report  of Hnang  
and co-workers (3), M. hapla infections of 
tomato and bean did induce slight modifica- 
tions in the peroxidase isozyme profiles of 
the root-gall tissue as compared with the 
isozyme profiles from roots of inoculated 
plants. Changes in the peroxidase isozymes 
are apparently restricted to the gall tissue 
since the isozymes in the adjacent ungalled 
root  tissue were identical to those in the 
uninoculated roots. Th e  significance, if any, 
of this modification of the peroxidase 
isozyme profile in response to M. hapla 
infections is not  known. 
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Morphological Comparison of Second-Stage Juveniles of 
Six Populations of Meloidogyne hapla by SEM ~ 

J. D. EISENBACK and HEDWIG H I R S C H M A N N  ~ 

Abstract: Externa l  morpho logy  of second-stage juveni les  of six popu la t i ons  of Meloidogyne hapIa, 
hclonging  to two cytological races (A and  B), and  one  popu l a t i on  each of  M. arenaria, M, 
incog~ita, and  M. ]ava~ica was compared  by scann ing  electron microscopy (SEM). Race A of 
M. hapla inc luded three  facuha t ive ly  pa r thenogene t i c  popu la t ions  with hap lo id  ch romosome  
n u m b e r s  of 15. 16, and  17; race B consisted of three mitot ical ly  pa r thenogene t i c  popu la t ions  
with somalic  ch romosome  n u m h e r s  of 45, 45, and  48. T h e  mitot ical ly pa r thenogene t i c  popula -  
t ions of M. arenaHa, hi. i~wogtzita, and M. ]avanica had  54, 41-43, and  44 chromosomes ,  
respectively. Observat ions  were made  on head  s tn tc turcs ,  lateral  field, excretory pore, anal  
opening ,  and  tail. Head morphology ,  inc lud ing  shape  and  propor t ion  of labial disc and  lips, 
expression of labial and cephal ic  sensilla, and  mark ings  on head region, was dist inct ly different  
h)r each species. AI, ha]da popu la t ions  of race A were distinct f rom each o ther  bu t  showed m u c h  
in t r apopu la t i ou  var ia t ion in head morphology .  Popula t ions  of race B were difl'erent f rom those 
eft race A and  were very stable and  qu i te  s imilar  in head  morphology .  Considerable  inter-  and  
i m r a p o p u l a t i o u  wn' iat ion lnade the  s t ruc ture  of  the lateral  field, excretory pore,  anal  open ing ,  
and  tail of  little value  in d i s t ingu i sh ing  species or poptt lat ions.  T h e  results  are discussed in 
re la t ion to earlier SEM observat ions  on the  genus  Helerodera. Key Words: M. arenaria, M. 
incognita, M. ]avanica. 

Species of the genus Meloidogyne 
Goeldi exltibit considerable variation in 
their morpltology (10, l l, 23), physiology 
(12, 14, 15, 16, 17), and cytology (20, 21). 
In his review o[ the genus, Whitehead (23) 
showed tltat many morphological characters 
in females, males, and second-stage juveniles 
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are of value taxonomical ly ,  but many others 
are variable and exltibit too much  overlap 
among  species to be nseful in species differ- 
entiation.  MeIoidogyne species need to be 
examined more closely for distinctive mor- 
phological  characters. Cytological studies of  
several populat ions  of M. hapla Chitwood 
emphasized the need for a detailed mor- 
phological  study, because this species 
appears to be made up of  two distinct 
cytological races (21): One race includes 
populat ions  that have a haploid chromo- 
some number of 15, 16, or 17 and reproduce 
by [acultative meiot ic  parthenogenesis.  T h e  
other race consists of  populat ions  with  a 
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