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A Method for Staining Nematode Secretions 
and Structures 1 

D. PREMACHANDRAN, 2 N. VON MENDE, ~ R. S. HUSSEY, 2 

AND M. A. MCCLURE ~ 

Abstract: Secretions from amphids, phasmids, and excretory system were stained by incubating 
nematodes in 0.1% coomassie brilliant blue G-250 in 40% aqueous methanol containing 10% acetic 
acid on slides with coverslips sealed with nail polish or Zut. Nematodes incubated in this staining 
solution usually produced copious amounts of secretions from their amphids and excretory pore. 
Phasmids also stained dark blue, enabling them to be easily observed. Other biological dyes stained 
these secretions or were useful for differentiating specific morphological features of nematodes. 
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Few bio logica l  dyes  have  b e e n  ident i f ied  
tha t  s tain specific m o r p h o l o g i c a l  f ea tu res  
o f  n e m a t o d e s  (3,5). Spicules o f  Ostertagia 
bisonis stain with acid fuchs in  (7). G o l d  
c h l o r i d e  stains phasmids ,  n e r v e  r ings,  a n d  
g o n a d s  (4,10); p icr ic  ac id- iod ine  d i f fe ren-  
t iates g l a n d u l a r  s t ruc tu res  (4). 

M e t h o d s  f o r  i n d u c i n g  a n d  s ta in ing  se- 
c re t ions  f r o m  n e m a t o d e  esophagea l  glands,  
amph ids ,  o r  p h a s m i d s  have  no t  b e e n  de- 
v e l o p e d  previous ly .  P r e l i m i n a r y  observa-  
t ions  s h o w e d  tha t  s econd-s t age  juven i l e s  
(J2)  o f  Meloidogyne incognita (Kofo id  & 
Whi t e )  C h i t w o o d  i n c u b a t e d  in coomass ie  
br i l l iant  b lue  R in an  acet ic  a c i d - m e t h a n o l  
so lu t ion  on  a slide sealed with nail pol ish  
p r o d u c e d  amphid ia l ,  phasmidia l ,  a nd  ex- 
c r e t o r y  secre t ions  tha t  s ta ined  da rk  b lue  
( P r e m a c h a n d r a n  a nd  Hussey ,  unpubl . ) .  
Th i s  s tudy  was e x p a n d e d  to  ident i fy  o t h e r  
b io logical  dyes tha t  m i g h t  d i f f e ren t i a t e  se- 
c r e t i o n s  o r  m o r p h o l o g i c a l  f e a t u r e s  o f  
n e m a t o d e s .  
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MATERIALS AND METHODS 

Nematodes: T h e  f o l l o w i n g  n e m a t o d e  
species were  used  in these  studies:  M. /n- 
cognita (eggs and  J2),  Scutellonema brachy- 
urum (Steiner)  Andrassy ,  Tylenchulus semi- 
penetrans Cobb ,  Belonolaimus longicaudatus 
Rau,  Ditylenchus dipsaci (Kuhn)  Filipjev, 
Hoplolaimus galeatus (Cobb)  T h o r n e ,  Xiph- 
inema spp. and  an un iden t i f i ed  mic rob i -  
vore .  

Staining procedure: A l t h o u g h  68 b io log-  
ical dyes were  tested,  only  those  tha t  s ta ined 
specific n e m a t o d e  s t ruc tu re s  o r  the i r  se- 
c re t ions  a re  r e p o r t e d .  B e f o r e  use, s ta in ing  
solut ions  were  f i l tered t h r o u g h  W h a t m a n  
~1 fil ter p a p e r  to  r e m o v e  insoluble  ma te -  
rial. A small d r o p  (ca. 10 #1) o f  n e m a t o d e  
suspens ion  was p laced  on  a c lean mic ro -  
scope slide. A n  a p p r o x i m a t e l y  equal  vol- 
u m e  o f  stain in m e t h a n o l ,  acet ic  acid, m e t h -  
anol ic  acet ic  acid,  o r  disti l led wa te r  was 
a d d e d  to the  slide. A n  a l t e rna t ive  p roce -  
d u r e  invo lved  m i x i n g  equal  vo lumes  o f  a 
n e m a t o d e  suspens ion  and  s ta in ing  so lu t ion  
in a m i c r o c e n t r i f u g e  tube  b e f o r e  a d d i n g  a 
d r o p  to  a slide. Pieces o f  glass wool  were  
p laced  on  the  slide to  s u p p o r t  t he  covers l ip  
which  was slowly l owered  o n t o  the  n e m a -  
tode  sample .  T h e  covers l ip  was sealed with 
e i the r  c lear  nail pol ish,  Zut,  o r  whi te  pe-  
t r o l e u m  jelly.  N e m a t o d e s  were  o b s e r v e d  
with a c o m p o u n d  m i c r o s c o p e  immed ia t e ly  
o r  were  i n c u b a t e d  at r o o m  t e m p e r a t u r e  
a n d  o b s e r v e d  at B0-minu te  in tervals  fo r  2 
h o u r s  o r  a f t e r  o v e r n i g h t  incuba t ion .  



FIG. 1. Staining of  amphidial and excretory secretions of plant-parasitic nematodes. A) Amphidial secre- 
tions of Belonolaimus longicaudatus stained after incubation in 0.2% coomassie brilliant blue G-250 in 40% 
methanol and 10% acetic acid for 10 minutes. B) Amphidial secretions ofMeloidogyne incognita second-stage 
juvenile stained following incubation in 0.2% coomassie brilliant blue G-250 in 20% methanol for 72 hours. 
C) Excretory secretion of Scutellonema brachyurum stained after incubation in 1% aqueous china blue for 72 
hours. D) Amphidial and excretory secretions of M. incognita juvenile stained after incubation in 1% aqueous 
china blue for 14 hours. 
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RESULTS 

Secretions: A solution of 0.1% coomassie 
brilliant blue G-250 in 40% methanol and 
(or) 10% acetic acid induced production of  
blue-staining secretions from the amphids, 
phasmids, and excretory pore of  tylenchid 
nematodes when the coverslips were sealed 
with nail polish or Zut (Figs. 1A, B, 2A). 
The quantity of  the secretion produced and 
time required for optimal production var- 
ied with nematode species. Some nema- 
tode species frequently produced exudates 
immediately following placement into this 
solution, and in some instances after con- 
tinued incubation the secretions formed 
long strands. S. brachyurum produced am- 
phidial and excretory secretions immedi- 
ately after incubation in this staining so- 
lution, whereas these secretions from H. 
galealus formed very slowly. In general, se- 
cret ions f rom nematodes  incubated  in 
coomassie brilliant blue R-methanol de- 
veloped into long strands, whereas the se- 
cretions usually precipitated at the pore of 
the structures when stained with the dye 
dissolved in 10% acetic acid. Second-stage 
juveniles of M. incognita inside eggs also 
p roduced  secret ions that  stained with 
coomassie brilliant blue G-250 (Fig. 4A, B). 

Aqueous solutions of 29 dyes were ef- 
fective in staining secretions of four nema- 
tode species (Table 1, Figs. 1-3); however, 
secretions were induced and stained with 

28 of the dyes only when coverslips were 
sealed with nail polish or Zut. Only car- 
minic acid induced and stained secretions 
when coverslips were sealed with petro- 
leum jelly. 

Staining of  exudates  f rom amphids,  
phasmids, or the excretory system varied 
with nematode species and the dye used. 
The  excretory system usually produced the 
largest quantity of secretion which stained 
very intensely with acid fuchsin, carminic 
acid, china blue (Fig. 1C, D), coomassie 
brilliant blue R, cyanine, naphthol blue 
black, and nigrosin depending on the 
species (Table 1). The amphidial secretion 
ofM. incognita was most effectively stained 
with china blue, whereas naphthol blue 
black was more effective in staining this 
secretion from T. semipenetrans (Table 1). 
In general, the phasmidial secretion did 
not stain or only stained lightly with most 
dyes (Table 1). Six dyes effectively stained 
the secretion produced by phasmids of  S. 
brachyurum. The large phasmids (scutellae) 
of  S. brachyurum produced a dense secre- 
tion when incubated in methyl orange or 
naphthol blue black (Fig. 2C). 

In addition to differences among the 
nematode genera in secretion production 
and staining, differences occurred between 
developmental stages. For example, china 
blue stained secretions of the excretory sys- 
tem of males but not juveniles of T. semi- 
penetrans (.Table 1). 

---9 

F1o. 2. Staining of phasmids and phasmidial secretions ofMeloidogyne incognita and Scutellonema brachyurum. 
A) Phasmids of M. incognita second-stage juvenile stained after incubation in 0.2% coomassie brilliant blue 
G-250 in 40% methanol  and 10% acetic acid for 4 hours. B) Phasmid of S. brachyurum stained following 
incubation in 1% aqueous hematoxylin for 15 days. C) Phasmidial secretions of S. brachyurum stained after 
incubating 28 hours in 1% aqueous napthol blue black. D) Phasmids ofS. brachyurum stained after incubation 
in 1% aqueous trypan blue for 30 hours. 

FIG. 3. Staining of nematode reproductive structures or exudate. A) Testis of Ditylenchus dipsaci male 
stained after incubation in 1% aqueous toluidine blue O for 7 hours. B) Genital pr imordium of  D. dipsaci 
fourth-stage juvenile stained after 24 hours in 1% aqueous azure blue. C) Testis of microbivorous nematode 
stained after incubation in Diene's stain. D) Exudate produced at vulva of Belonolaimus longicaudatus stained 
after incubation in 0.2% coomassie brilliant blue G-250 in 40% methanol  and 10% acetic acid for 10 minutes. 

FIG. 4. Staining of secretions and structures of plant-parasitic nematodes. A, B) Staining of amphidial and 
excretory secretions of  Meloidogyne incognita second-stage juvenile in egg after incubation in 1% aqueous 
coomassie brilliant blue G-250 for 72 hours. C) Styler ofScutellonema brachyurum stained after incubation in 
1% aqueous iodine green for 48 hours. D) Staining of anter ior  part  of metacorporus of Ditylenchus dipsaci 
after incubation in 1% aqueous toluidine blue O for 48 hours. 
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An exudate was produced at the vulva 
of  B. longicaudatus when specimens were 
incubated in coomassie brilliant blue G-250 
in the methanol-acetic acid solution (Fig. 
3D). 

Staining structures: Many of the dyes were 
capable of  differentiating specific nema- 
tode morphological features. Almost half 
of the dyes provided visual definition of 
phasmids of  S. brachyurum, and many 
stained the phasmidial pores within sec- 
onds. Rapid and intense staining was ob- 
served with azure blue, carminic acid, 
coomassie brilliant blue R and G-250, ev- 
ans blue, hematoxylin (Fig. 2B), rosaniline 
hydrochloride, and toluidine blue. The  
phasmidial sheath cell also stained when 
specimens were incubated in solutions of  
azure blue, chlorazol fast pink, eosin B, 
erythrosin, evans blue, giemsa, malachite 
green, and trypan blue (Fig. 2D). The  small 
phasmids of M. incognita J2 were easily ob- 
served when specimens were incubated 4 
hours in coomassie brilliant blue G-250 to 
allow sufficient secretion production (Fig. 
2A). 

Several dyes were very effective in stain- 
ing nematode reproductive systems. The  
testis of  D. dipsaci stained intensely with 
toluidine blue O (Fig. 3A), and the genital 
primordium of D. dipsaci J4 stained with 
azure blue (Fig. 3B). The  reproductive sys- 
tem of a microbivorous nematode stained 
when specimens were incubated in Diene's 
stain and heated briefly (Fig. 3C). 

The stylet of  S. brachyurum stained fol- 
lowing incubation of  adult female nema- 
todes in a 1% solution of  iodine green (Fig. 
4C). Staining of  unidentified bodies in the 
procorpus and a dense deposit of  dye in 
the anterior part of  the metacorpus was 
observed when D. dipsaci was incubated, 
uncovered, in B.P.I. dishes overnight in a 
toluidine blue O solution (Fig. 4D). 

The  staining method was not suitable for 
dorylaimid nematodes. Coomassie brilliant 
blue R in 10% acetic acid rapidly pene- 
trated the cuticle of  Xiphinema species, in- 
tensely stained the entire body, and ob- 
scured most morphological features. 

DISCUSSION 
This new staining method is a simple, 

rapid, and reliable procedure for inducing 
and staining secret ions f rom amphids,  
phasmids, and the excretory system of many 
nematode species. Several biological dyes 
in addition to coomassie brilliant blue were 
identified that stained these secretions 
equally well. This method rapidly induced 
secretions from amphids and the excretory 
system for most nematode species exam- 
ined; however, the reaction time varied 
with nematode genera and the type of  se- 
cretion. Although the mechanism for the 
induction of  these secretions is not known, 
the greatest production occurred when the 
coverslips were sealed with nail polish or 
Zut, which indicates the secretions were 
chemically induced. Several other chemi- 
cals that induce formation of  these secre- 
tions have subsequently been identified 
(Von Mende and McClure, unpubl.). 

Dyes reported here that stained specific 
nematode structures should aid morpho- 
logical investigations and be useful in in- 
s t ruct ional  laborator ies .  In par t icular ,  
staining of the phasmidial pore and the re- 
productive system of nematodes will en- 
able these structures to be easily observed. 

The  rapid intense staining of  dorylaims 
was probably due to the structure of  the 
cuticle in this group of nematodes. The  
presence of  cuticular pores in Longidorus 
macrosoma and X. index has been demon- 
strated using methyl blue (6). These pores 
apparently allow the dyes to rapidly pen- 
etrate the body of  these nematodes and 
stain the internal structures. 

Nematode amphids and phasmids are 
considered secretory structures (6,8). The  
chemical nature of  the material induced 
from these structures in this study was not 
determined. Acetylcholinesterase has been 
identified in both of  these structures in 
many nematode species (6), and esterases 
were detected in amphids of  Meloidogyne 
species (2). In our study, staining of  these 
secretions with coomassie brilliant blue in- 
dicates their proteinaceous nature, since 
this dye specifically stains proteins. 



TABLE 1. S t a i n i n g  o f  m a t e r i a l s  s e c r e t e d  b y  t h e  e x c r e t o r y  s y s t e m ,  a m p h i d s ,  a n d  p h a s m i d s  o f  n e m a t o d e s  t r e a t e d  w i t h  v a r i o u s  b i o l o g i c a l  dyes .  

CA. Excretory system A m p h i d  

Dye n u m b e r t  Mi Sb Dd Ts  Mi Sb Dd Ts  Mi 

Phasmid  

Sb Dd Ts  

A c i d  f u c h s i n  4 2 6 8 5  + +  + + +  + +  + + J  . . . . . . . .  

A l i z a r i n  f l u o r i n e  b l u e  6 7 4 1 0  + +  + +  + +  . . . . . . . . .  

A z u r e  b l u e  5 2 0 1 0  + +  + +  + + + J + M  + + - + + M  . . . .  

B r o m o c r e s o l  p u r p l e  N . A .  - + + + + - + + + + - - + + - - 

B r o m o p h e n o l  b l u e  N . A .  + + + + + + - + . . . . . . .  

B r o m o t h y m o l  b l u e  N . A .  + +  + +  + + + J + + M  + + - + J  - + +  - - 

C a r m i n i c  a c i d  7 5 4 7 0  + + +  + +  + - + + +  + +  - - + +  - - 

C h i n a  b l u e  4 2 7 5 5  + + +  + + +  + +  + + + M  + + +  + +  . . . . . .  

C h l o r a z o l  f a s t  p i n k  2 5 3 8 0  + + + + + + + J  . . . . . . . .  

C o o m a s s i e  b r i l l i a n t  b l u e  R 4 2 6 6 0  + + + +  + + + J + + + M  + - + +  . . . . .  

C o o m a s s i e  b r i l l i a n t  b l u e  G - 2 5 0  4 2 6 5 5  + +  + +  + + J + + M  + +  + +  - + J + M  + - + - 

C y a n i n e  N . A .  + + + + + + + + J  - + . . . . . .  

E r y t h r o s i n  b l u i s h  4 5 4 3 0  + + + + - + + - + J  . . . .  

E v a n s  b l u e  2 3 8 6 0  + + + + + + - + . . . . . . .  o3 

F a s t  g r e e n  F C F  4 2 0 5 3  + + + + - + J  . . . . .  + - - 

H e m a t o x y l i n  7 5 2 9 0  - + + + + J  + - - - + + - - 

I n d i g o c a r m i n e  7 3 0 1 5  + +  + +  + +  . . . . . . . . .  0~ ~ 

L a c m o i d  5 1 4 0 0  + + + + + - - + + . . . . .  

L i g h t  g r e e n  4 2 0 9 5  + + + + + + J  + + + . . . . . .  t~ 

M e t h y l  o r a n g e  1 3 0 2 5  - + . . . . .  + + J  - + + +  - - 
go 

N a p h t h o l  b l u e  b l a c k  2 0 4 7 0  + + + +  + +  - + + + +  + + + J & M  + + +  - - ~- 

N i g r o s i n  5 0 4 2 0  + + +  + + +  + + +  - + +  + - + J + M  + - - - ¢k, 

O r a n g e  G 1 6 2 3 0  - + - + M  . . . . . . . .  
* *  

O r s e i l l i n  B B  2 6 6 7 0  + + + + . . . . . . . . . .  

P h l o r o g l u c i n  N . A .  + + + + + . . . . . . . . .  

P h l o x i n e  4 5 4 0 5  + + + + + + - + . . . . . . .  

P o n e e a u  S 2 7 1 9 5  + +  + +  . . . . . . . . . .  

S o l a n t i n e  p i n k  4 B L  2 5 3 8 0  + +  + +  + +  - + . . . . . . .  

T r y p a n  b l u e  2 3 8 5 0  + + + + - - + + - - + J  . . . .  ~ ,  

g~ 
Concen t ra t ion  o f  s ta in ing  solut ion o f  each dye was 1% except  for  bromothymol blue which was 0.04%. 
Nematode  species: Mi = Meloidogyne incognita (second-stage juveni les) .  Sb = ScuteUonema brachyurum (females). Dd = Ditylenchus dipsaci (juveniles). Ts  = Tylenchulus semipenetrans ( juveniles U] 

or  males [M]). 
Secret ion produc t ion :  - = none,  + = little, + + = good,  and  + + + = excellent.  
~" Colour  index,  3rd  ed. 1971. T h e  Society o f  Dyers and  Colourists .  Bradford ,  Yorkshire,  U . K . N . A .  = not  applicable.  

,,q 
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The copious production of  a protein- 
aceous secretion by the excretory system 
was unexpected; however, secretions from 
the excretory pore were previously shown 
to be antigenic (1,9). 

This method is a simple and useful pro- 
cedure for staining secretions and specific 
morphological features of  nematodes. The 
secretions are probably artificially in- 
duced, however, since large quantities of  
secretions are induced only when nema- 
todes are incubated in staining solutions on 
slides sealed with nail polish or Zut. 
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