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Adenosine Triphosphate Quantification as Related to 
Cryptobiosis, Nematode Eggs, and Larvae ~ 

HARVEY W. SPURR, JR. 2 

Abstract: Sonification was the most  effective me thod  used for d i s in t eg ra t ing  nematode  eggs and  
larvae for adenosine t r i phospha te  (ATP) de te rmina t ions .  Sensit ivi ty of the assay was sufficient 
to measure  A TP  in one larva. Second-stage larvae of Anguina tritici averaged 1 x 10s femto- 
grams (fg) A T P  and  Meloidogyne incognita eggs, 0.8 x 105 fg ATP.  Larvae  of Panagrellus 
redivivus, a saprobe, averaged 12.2 x 105 fg ATP,  a measuremen t  which was considerably  h ighe r  
than  the A TP  levels in p l an t  parasites.  Endophy t i c  bacter ia  and  fungi  from wheat  galls were 
detected as background  organisms associated wi th  A. tritiei act iva ted  by hydra t ion .  Also, bac te r ia  
in suspensitms of eggs from M. incognita prepared  wi th  NaCIO were measured  by the use of 
bu tano l  ex t rac t ion  and A T P  de te rmina t ion .  Second-stage A. tritici larvae increased in  A T P  
content  w i th in  40 mln  af ter  be ing  ac t iva ted  from cryptobiosis  by hydra t ion .  In the c ryptobio t ic  
state, larvae had 50% less ATI '  than  when  active. ATP  concent ra t ions  were s imi la r  in galls of 
different  ages. Apparen t ly ,  A T P  concent ra t ions  do not  change d u r i n g  cryptobiosis.  Starvat ion 
results  in a decl ine in A TP  concen t ra t ion / l a rva .  Subject ing A. tritici larvae to the le tha l  tem- 
pe ra tu re  of 60 C resul ted  in  a three-fold increase in  the decay ra te  o[ A T P  over tha t  of larvae 
snnified, then  heated at  60 C. These  results  suggest an associat ion between A T P  decay and  the 
mechan i sm tha t  causes dea th  of larvae at  e levated tempera tures .  Key Words: Anguina tritici, 
Meloidogyne incognita, Panagrellus redivivus, starvat ion,  t he rma l  inac t iva t ion .  

Living organisms depend on adenosine 
triphosphate (ATP) and similar com- 
pounds to energize vital metabolic activ- 
ities, and nematodes in various states of 
hypobiosis must preserve adequate ATP,  or 
a mechanism for synthesizing it, to survive. 
The  measurement of A T P  in nematodes 
has been hampered by the lack of suitable 
techniques. When  a sensitive instrument 
was developed for the quantification of 
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bacterial A T P  and populations (1, 2), I de- 
signed these experiments to: (i) extract and 
quantify nematode ATP,  (ii) compare ATP 
in different larvae and eggs, and (iii) de- 
termine A T P  in cryptobiotic larvae before 
and during hydration and activation. 

MATERIALS A N D  M E T H O D S  

Sources and species of nematodes: T o  
obtain active larvae of Anguina tritici 
(Steinbuch) Filip., wheat  galls ("cockles") 
were soaked in water, opened with a teas- 
ing needle, and the second-stage larvae 
squeezed out with forceps into water in a 
watch glass. Hydration caused the larvae to 
take shape and become active. When  galls 
were soaked 1 h or less before excision, 
larval movement began 8-24 h after excision 
and fewer viable larvae were obtained than 
when galls were soaked for longer periods 
before excision. When  galls were soaked for 
1-3 days prior to excision, high numbers of 
active larvae were observed after 45-60 rain. 



A 24-h soak, followed by excision, and a 
24-h incubat ion were used for most experi- 
ments (Fig. 1). 

Panagrellus redivivus (Linn) T .  Goodey 
was cul tured with yeast on autoclaved oat- 
meal (30 ml oatmeal  + 60 ml water). Cul- 
tures were incubated for 3-4 weeks at 26 C. 
Larvae were carefully decanted f rom the 
culture flasks, and active larvae were sep- 
arated from debris by Baermann funnel. 

Meloidogyne incognita (Kofoid k White)  
Chitwood was main ta ined  on greenhouse- 
grown tomato, Lycoperscion esculenturn 
'Saturn' .  Eggs, harvested by the NaCIO 
(sodium hypochlori te)  procedure (5), were 
used for inocula and A T P  studies. Roots 
collected 45 days after the inoculat ion of 
young plants were washed and shaken in 
200 ml of 1.05% NaC10 for 4 rain. T h e  
NaCIO solution was quickly passed through 
a 200-mesh (75-/~m) sieve nested in a 500- 
mesh (26-~tm) sieve on which the freed eggs 
were trapped.  Eggs were rinsed in a stream 
of cold tap water to remove residual NaC10 
and transferred to a 2-liter stainless steel 
container.  Approximate ly  1,800 ml  of de- 
ionized water were added; the mix tu re  was 
stirred for 30 rain and then poured through 
a sieve. T h e  eggs were washed into a stain- 
less steel container,  and the concentrat ion 
adjusted by dilut ion with deionized water. 

Butanol extraction of A TP: This  pro- 
cedure was adapted from the Instruct ion 

FIG. 1, Hydration of cryptobiotic Anguina t~i- 
tici. A) Hydrating larvae taking shape 2 rain after 
adding water. B) Fully hydrated, active larvae. 
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Manual  for the DuPont  760 Luminescence 
Biometer (E. I. DuPont  De Nemours  8c Co. 
Inc., Ins t rument  Products Div., Wilming- 
ton, Delaware 19898). T h e  Biometer  and the 
DuPont  vacuum filter stand with 0.45-~tm 
pore filters and filter assemblies were used 
to make A T P  determinat ions (1). T h e  nem- 
atodes to be extracted were pipet ted onto 
the 0.45-~m filter. Vacuum was appl ied and 
released as soon as the l iquid disappeared 
through the filter. Nematodes  on the filter 
were washed with 1 ml of 0.01 M mor- 
phol inopropane  sulfonic acid (MOPS) buf- 
fer (DuPont),  p H  7.4, containing 0.01 M 
MgSO, at 25 C. T h e  drop clinging to the 
bo t tom of the filter was shaken off. A clean, 
12-ml glass centrifuge tube was placed un- 
der the filter, and 0.2 ml n-butanol  (Fisher 
Certified Grade A-400, Fisher Scientific Co., 
Chemicals Manufac tur ing  Div., Fair Lawn, 
N. J.) was added to the filter. After 20 sec, 
the solution was vacuumed off, and the pro- 
cedure was repeated. T h e n  0.5 ml MOPS 
was added to the filter for 10 sec, vacuumed 
off and the procedure repeated. Next,  8 rnl 
of l-octanol [(washed in deionized water) 
Fisher Certified Grade A-402] were added 
to the tube containing the bu tanol  and 
MOPS f l t ra te .  T h e  tube was shaken vig- 
orously for 10 sec and centrifuged at 1085 g 
for 3 min  to speed separation of the layers. 
T h e  top octanol-butanol  layer was removed 
by aspirat ion or pipett ing.  T h e  bot tom,  
aqueous layer was used for A T P  determina-  
tions. 

Sonification to extract A TP: T h e  follow- 
ing general procedure was used to disinte- 
grate larvae and eggs to release ATP.  T h e  
desired numbers  of nematodes were added 
to a 12-ml graduated centrifuge tube. Vol- 
ume was adjusted to 5 ml with MOPS, and 
the tube was placed in crushed ice. T h e  
sonifier probe was inserted and the solution 
sonified. A Branson Sonifier (Model S125, 
Branson Instruments,  Inc., Danbury,  Conn.) 
provided satisfactory disintegrations: 2 rain, 
No. 2 setting, 3 amps disintegrated A. tritici 
and P. rediviw~s larvae and M. incognita 
eggs (1,000 per ml); 5 rain, No. 5 setting, 
6.5 amps disintegrated M. incognita eggs 
and the larvae contained within.  If  larval  
concentrations were above 80 /ml  and egg 
concentrations above 1,000/ml, increases in 
t ime and power were required  for satisfac- 
tory disintegrations. One ml of sonicate was 
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filtered with an 0.45-~m pore filter as de- 
scribed previously, and the amoun t  of A T P  
in the filtrate was determined.  T h e  sonifier 
probe was cleaned by being rinsed 3 times 
with 2N HCI, deionized water, MOPS, and 
deionized water. 

A TP measurement: A T P  was quantif ied 
by using a sensitive photometer  (DuPont  
760 Luminescence Biometer) to measure the 
light produced in the luciferase-luciferin 
firefly reaction (2). Deionized water  was 
equivalent  to low response water  since it  
did not contain measureable  ATP.  A tube 
containing 0.1 ml of reaction mix ture  (0.01 
M MOPS p H  7.4, 0.01 M M g S O ,  0.71 mM 
crystalline luciferin, 100 units DuPont  pur- 
ified and stabilized luciferase) at 25 C was 
inserted into the photometer .  T e n  /Alters 
of extract containing A T P  were injected 
into the tube and the readout  in femto- 
grams (fg) A T P / m l  recorded. One femto- 
gram equals 10 -~5 gm ATP.  T h r e e  readings 
were made of each extract. Addi t ional  read- 
ings were made if disparities were present. 
T h e  average reading in fg A T P / m l  was 
divided by the n u m b e r  of ind iv idua l s /ml  
(larvae or eggs) to obta in  fg A T P / n e m a -  
tode. 

R E S U L T S  

Extraction of A TP: Butanol  did not  
adequately rupture  and remove A T P  from 
larvae and was inadequate,  especially if  
nematodes /ml  were 80 or more.  Th is  sol- 
vent was used to moni to r  bacterial  popula-  
tions associated with nematode  prepara-  
tions. 

Sonification at low temperature ,  0-5 C, 
was efficient and practical for disintegrating 
nematode  larvae and eggs. Sonification 
alone yielded A T P  values equivalent  to 
t rea tment  with 3 % perchloric acid followed 
by sonification, and values were higher than 
with heat  extraction (100 C for 10 min). 

A TP in nematodes: A T P  was deter- 
mined in larvae of A. tritici and P. 
redivivus and eggs of M. incognita (Fig. 2). 
T h e  technique used for de termining  A T P  
was sufficiently sensitive to quant i fy  the 
A T P  in a single larva, Since each species 
examined had individual  characteristics re- 
lated to the determinat ion of ATP,  the re- 
sults are presented by species. 

Anguina tritici: T h e  A T P  content  of 
larvae from galls soaked 1 h and  galls 

soaked 3 days pr ior  to excision were com- 
pared after l, 2, 3, 4, and 9 days of incuba- 
tion. T h e  A T P / l a r v a  fluctuated f rom 1.3 x 
I0 "~ to 2.4 x 105 fg. Th i s  fluctuation was not  
influenced by the length of the soak period. 
T h e  water the larvae were incubated in 
contained 1.4 x 105 fg A T P / m l .  When  this 
water  was spread on yeast extract agar 
medium,  many  bacterial  colonies developed. 
T h e  incubat ion water  averaged about  2.8 x 
i0 s bacteria per ml (based on the average 
conversion figure for growing, viable bac- 
teria of 5 x 10 -1 f g A T P  per cell) (1, 2). 

Whea t  galls were tested for microflora. 
Galls were surface-sterilized in 1 7o NaC10  
for 1, 5, and 10 rain; rinsed 3 times in 
sterile water; incubated in sterile water  for 
1 h; and asceptically cut in half. One half  
was incubated in water  for 24 h and the 
larvae proved to be active. T h e  other  half  
was plated on potato  dextrose or yeast ex- 
tract agar and incubated.  Fungi and bac- 
teria grew from these galls and were similar  
in numbers  for all NaCIO treatments.  
When  A. tritici were incubated in water  
for 11 days, the background in the incuba- 
tion mixture  was fairly constant at 2.6 x 
105 fg A T P / m l  (5.2 x 105 bac te r ia /ml)  
th roughout  the 11 days, if it is assumed 
that  the background was due pr imar i ly  to 
bacteria. Larvae ranged f rom 1.0 x 105 to 
2.4 x 105 [g A T P / l a r v a  after the contribu- 
tion from bacteria sonified with larvae was 
substracted. Background was considered 
low and relatively constant, compared  to 
A T P  in the nematodes. 

The re  was a l inear re la t ionship between 
the numbers  of second-stage A. tritici larvae 
and the amount  of A T P  extracted from 
them. After a correction was made for back- 
ground,  these larvae averaged 1.8 x I0 ~ fg 
of ATP.  A range of 0.2 x 10 ~ to 2 x 105 fg 
A T P  was characteristic of these larvae. This  
range was fur ther  substant iated when galls 
from several years were examined.  Five 
wheat  galls for each year fi 'om 1970 to 1972 
were selected randomly.  T h e  galls were 
soaked 24 h and  the larvae were excised 
and incubated for 24 h. Seventy-five larvae 
from each gall were placed in 5 ml  MOPS, 
sonified, and their  A T P  content  deter- 
mined.  For each year, the average was 1 x 
105 fg A T P / l a r v a  (Table  1). Larvae were 
fairly similar in A T P  from gall to gall and 
from year to year. 
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FIG. 2-4 2) Quantification of ATP in nematode larvae and eggs. A) Free-living larvae of Panagrel- 
lus redivivus and second-stage larvae of plant-parasitic A~guina tritici. B) Eggs of Meloidogyne incognita. 
3) Quantification of ATP in second-stage larvae of A. tritici during hydration from the cryptobiotic state 
at 0 and 25 C. 4) Decrease in ATP concentration during heat h'eatment at 60 C of second-stage larvae of 
A. ttitiei before sonification. 

A dry  whea t  gall was excised a n d  hal f  
the amorphous  larvae were d r o p p e d  i n t o  2 
ml  of MOPS in  a tube  immersed  in  bo i l i ng  
water. After  30 min ,  the tube  was r emoved  
and  cooled r ap id ly  wi th  ice to 25 C. T h e  

TABLE 1. Average ATP in second-stage larva 
of Anguina tritici from galls of different ages. 

ATP/larva (fg x 105) 
Age (years) 

Gall 5 4 3 

1 2 .0  1 .6  1.0 
2 0 .7  0.6 1.1 
3 0.7 0.6 0.2 
4 1.0 1.3 1.4 
5 1.0 0.7 1.3 

Mean 1.0 0.9 1.0 

other  hal f  of the excised larvae were drop- 
ped in  2 ml  of MOPS at 25 C. Seventy-five 
larvae from each t r e a t m e n t  were sonified 
after 40 ra in  a nd  18 h of i n c u b a t i o n .  T h e  
heated larvae had  from 20 to 50% less A T P  
t h a n  larvae i n c u b a t e d  at 25 C. 

T h e  level of A T P  i n  the c ryptobio t ic  
larvae was quan t i f i ed  fu r the r  in  the follow- 
ing exper imen t .  A large dry wheat  gall  was 
halved;  one-hal f  was added  to 2 ml  of sterile 
water  in  a tube  a nd  i n c u b a t e d  at 0 C a nd  
tile o ther  hal f  was added  to 2 ml  sterile 
water  i n  a t ube  at 25 C. At  intervals ,  75 
larvae from each t r e a t m e n t  were placed i n  
5 ml  of MOPS a n d  sonified. Larvae  incu-  
ba ted  a t  0 C hydra ted  b u t  d id  no t  become 
active (Fig. 3). Af ter  32 h at 0 C, they were 
warmed  to 25 C a n d  held  16 h b u t  they d id  
no t  move. Larvae  at 25 C in i t i a l l y  had  the 
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same a m o u n t  of  A T P  as la rvae  at  0 C. How-  
ever, w i t h i n  1 h, ne t  synthesis  of A T P  was 
a p p a r e n t ,  a n d  A T P  the rea f t e r  ave raged  3 
t imes  h ighe r  t h a n  in  l a rvae  h e l d  a t  0 C. 
F l u c t u a t i o n s  in  A T P  in A. tritici l a rvae  a t  
25 C are  typ ica l  of t l le  type  of  f luc tua t ions  
wh ich  were  observed  in  these expe r imen t s .  
T h e s e  f luc tua t ions  seem r e l a t ed  to physio-  
logical  changes  in these l a rvae  a n d  n o t  to 
va r i a t ions  in  e x p e r i m e n t a l  t echniques .  
T h u s ,  A T P ,  0.4 x 105 fg, is f o u n d  in l a rvae  
in  t i le  c r y p t o b i o t i c  state,  a n d  ne t  synthesis  
occurs  soon a f te r  h y d r a t i o n  a t  f avo rab le  
t empera tu re s .  

Free-living Panagrellus: P. redivivus av- 
e raged  27.1 x 10 ~' fg A T P / l a r v a  (Fig. 2A). 
T h i s  average  represen t s  a m i x t n r e  of  l a rva l  
stages. L a r v a e  of the  L2 class (3), s e p a r a t e d  
on  a c o l u m n  3.3 cm in d i a m  a n d  25 cm long  
filled wi th  0.45-mm glass beads,  ave raged  
12.2 x 10 ~' [g A T P  at  t l te t ime  of  s e p a r a t i o n  
f rom cu l t u r e  a n d  6.2 x 10 ~ fg A T P  af te r  10 
days of  i n c u b a t i o n  in  wa te r  a t  25 C. 

Meloidogyne: Sonif ied eggs of M. in- 
cognita ave raged  0.8 x 10 ~ fg A T P / e g g .  
R e p e a t e d  wash ing  of  the  eggs w i t h  w a t e r  
g r a d u a l l y  r e m o v e d  the ge l a t i nous  m a t r i x  
wi th  A T P .  T h e  b a t h i n g  wa te r  was h e a t e d  
to 100 C for 15 ra in  a n d  then  p l aced  in  a 
flash e v a p o r a t o r  a t  27 C u n d e r  p a r t i a l  vac- 
u u m  to r educe  the vo lume .  T h e  A T P  con- 
c e n t r a t i o n  in  the  wa te r  was d e t e r m i n e d  a t  
in tervals .  T h e  flash a n d  decay  of  l igh t  f rom 
the reac t ions  was r e c o r d e d  to conf i rm tha t  
B i o m e t e r  r ead ings  were  f rom A T P  a n d  n o t  
o t h e r  chemicals .  As wa te r  was evapo ra t ed ,  
A T P  c o n c e n t r a t i o n  increased  ( T a b l e  2). 

W h e n  wa te r  f rom egg suspens ions  was 
p la ted ,  bac t e r i a l  colonies  grew, a fact which  
i n d i c a t e d  the  N a C 1 0  s o l u t i o n  used  to re- 
move  egg masses f rom roo ts  d i d  n o t  com- 
p le te ly  s ter i l ize egg p r e p a r a t i o n s .  Deter-  
m i n a t i o n s  of b a c t e r i a  f i l tered w i t h  a 
0.45-/xm fi l ter  showed  the  n u m b e r  of  bac- 
te r ia  was i n i t i a l l y  very  low in  the  egg sus- 
pension.  W h e n  eggs were  i n c u b a t e d  in  
s ter i le  water ,  the  bac t e r i a l  c o u n t  r e m a i n e d  
re l a t ive ly  cons t an t  u n t i l  the  n i n t h  d a y  a n d  
then  increased  s l ight ly .  

S ingle  eggs of  M. incognita r a n g e d  f rom 
0.34 x 10 '~ to 0.91 x 10 ~ fg A T P .  T h e  two 
soni f ica t ion  in tens i t i e s  used  d i d  n o t  affect 
A T P  concen t ra t ions .  T w o  m i n  at  3.5 amps  
b r o k e  the  eggs b u t  n o t  a l l  of  the  la rvae ,  
whereas  5 m i n  at  6.5 a m p s  d i s i n t e g r a t e d  

TABLE 2. ATP in water after filtering eggs of 
Meloidogyne incognita. 

Volume ATP 
Solution (ml) (fg x 105/ml) 

Egg tihrate 200 12.0 
Heated fihrate" 200 12.0 
Evaporated fillrale ~' 100 23.6 
Evaporated filtrate 67 26.1 
l"vaporated filtrate 25 99.0 
Evaporated liltrate 4 620.0 

"Heated 100 C for 15 rain. 
~'Evapurated under vacuum at 27 C. 

eggs a n d  larvae.  Eggs of  M. incognita s to red  
for 6 m o n t h s  at  - -20 C were  low in A T P  
(0.1 x 10 .~ fg). Also,  these eggs were  b r o w n e r  
than  fresh eggs. 

Decay o] ATP:  A T P  decays in  so lu t i on  
at  a ra te  d e p e n d e n t  u p o n  concen t r a t i on ,  
c o m p o s i t i o n  of  t i le so lu t ion ,  a n d  cond i t i ons  
to w h i c h  i t  is sub jec ted .  S t a n d a r d  A T P  
so lu t ions  in  the  1,000- to 100-fg /ml  range ,  
p r e p a r e d  w i th  M O P S  buffer  a n d  0.0l  M 
MgSO,  a n d  he ld  a t  0 C, decayed  at  the  r a t e  
of  1 x 10 "~ to 2 x l0  s f g / m i n / m l  d u r i n g  the  
p e r i o d  f rom 20-40 m i n  af te r  thawing .  T h e  
same s o l u t i o n  decayed  5 t imes  faster  a t  
100 C. T h e  A T P  so lu t i on  o b t a i n e d  f rom 
sonif ied A. tritici la rvae ,  15 l a r v a e / m l ,  de-  
cayed at  a r a t e  of  0.1 x 10 ~ f g / m i n  at  25 C. 
T h i s  ra te  was s imi l a r  even in  la rvae  tes ted 
u p  to 43 days  a f te r  exc is ion  f rom galls .  
T h u s ,  A T P  in sonif ied  p r e p a r a t i o n s  a n d  
so lu t ions  of A T P  m a i n t a i n e d  in  an ice b a t h  
decayed  at  a ra te  s lower  t h a n  d i d  a s t a n d a r d  
so lu t i on  of  A T P  at  a m b i e n t  or  h i g h e r  tem- 
pera tures .  

Af t e r  these obse rva t ions  were  m a d e ,  i t  
was s u r p r i s i n g  to no t e  tha t  the  A T P  con- 
cen t r a t i ons  were  so low when  hea t  was used  
to ex t rac t  A T P  f rom la rva l  suspens ions  of  
P. rediviwts. W h e n  P. redivivus l a rvae  were  
he ld  at  60 C for  10 ra in  a n d  then  sonified,  
t i le A T P  level  dec reased  f rom 13 x 105 to 
1 x 105 f g / l a r v a .  T i l e  same p r o c e d u r e  was 
tes ted on  M. incognita eggs a n d  A. tritici 
larvae.  T h e  t r e a t m e n t  a t  60 C for 10 r a in  
p r i o r  to  son i f ica t ion  r e d u c e d  A T P  by  9 0 %  
in bo th .  Soni f ica t ion  a n d  then  60 C h e a t  
t r e a t m e n t  r e d u c e d  A T P  12% in  M. incog- 
nita eggs b u t  d i d  no t  r e d u c e  i t  in  A. tritici 
larvae.  



T r e a t m e n t  at 60 C for 10 min  was as- 
sumed to kill the three nematode species. 
This  was confirmed by visual observation of 
the A. tritici larvae. T h e  decay of A T P  was 
quite rapid initially; it tapered off to a con- 
stant level I0 rain after the ini t iat ion of the 
heat (Fig. 4). At this time, the larvae were 
dead and the decay mechanism seemed in- 
active. 

DISCUSSION 

T h e  efficient and practical disrupt ion of 
nematode larvae and eggs by sonification 
freed A T P  which could be reproducibly 
measured with the highly sensitive Lumi-  
nescence Biometer. Differences in size and 
metabolic activity may result in the lower 
amounts  of A T P  in larvae and  eggs of 
plant-parasitic nematodes,  in comparison 
with A T P  levels in the larger, free-living P. 
redivivus larvae (15-30 times higher). Nem- 
atodes contain considerably more A T P  than 
bacteria, which average 0.5 fg ATP/ce l l .  
T h e  sensitivity of this method was sufficient 
to measure A T P  in a single larva, and the 
number  of larvae or eggs in a uni form sus- 
pension was accurately calculated from an 
A T P  determinat ion.  Th i s  is an efficient 
method for assaying nematode numbers  in 
many  circumstances. 

Any popula t ion  of nematodes may be 
associated with bacteria and fungi. Both 
were associated with A. tritici larvae and 
appeared  endophyt ic  in wheat  galls, since 
surface-disinfection procedures designed to 
remove epiphytes did not el iminate all 
microorganisms (7). A few microorganisms, 
pr imari ly  bacteria, were also present in both  
A. tritici larval suspensions and M. incog- 
nita egg suspensions. Th is  A T P  assay is also 
a reliable procedure for quant i ta t ively  
measuring numbers  of bacteria. By differ- 
ential filtration, butanol  extraction, and 
A T P  measurement ,  the numbers  of bac- 
teria in the nematode suspensions were ob- 
tained. T h e  background measurement  pro- 
vides a necessary check or moni tor ing  sys- 
tem for measur ing A T P  background con- 
centrations in many  experiments  with nem- 
atodes. These  background data emphasize 
the difficulties in prepar ing  pure or "bac- 
teria-free" nematode  suspensions but  pro- 
vide a means for assessing some of the ef- 
fects of microbial  associations. 

Several factors influence the quant i ty  of 
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A T P  in nematodes: physiological state (ac- 
tive vs cryptobiotic), nutr i t ional  state, and 
species differences. Concentrat ions of A T P  
were fairly constant and reproducible  in 
larvae and eggs of 3/. incognita, but  
changed nnder  a physiological stress such 
as starvation. Fluctuations in ATP,  such as 
those noted in A. tritici incubated at 25 C, 
were repeatedly observed. T h e  int roduct ion 
of light may explain these fluctuations. 
~.Vhen larvae were i l luminated with light 
from the microscope, they seemed to be- 
come more active. I t  was necessary to use 
light to select larval samples for determina- 
tions of A T P  dur ing time-course studies. 

It  is interesting to note the presence of 
A T P  in tile water  in which M. incognita 
eggs were suspended. Since successive wash- 
ings of the eggs had lower A T P  levels, it is 
likely that  the A T P  dissipated with the 
matrix.  How or why A T P  was present in 
the matr ix  is unknown.  Probably  A T P  was 
synthesized in the eggs and then leached 
into the matrix.  

Variation in A T P  in M. incognita eggs 
was not dependent  upon t ime after inocula- 
tion of the plant,  bu t  may reflect physiolog- 
ical condit ion a n d / o r  amount  of mat r ix  
dissolution from washing dur ing prepara-  
tion. After egg suspensions were prepared,  
some eggs hatched or broke. In assessing 
egg concentrations, we could count  eggs, 
egg cases, and larvae in a sample. An ac- 
curate determinat ion of A T P  depends upon  
an accurate assessment of the popula t ion  in 
suspension. 

T h e  presence or absence of metabol ism 
in larvae in the cryptobiotic  state is often 
discussed in regard to survival. Recent  re- 
views suggest that  metabol ic  activity must  
be low or nondetectable  (4, 8). When  larvae 
of A. tritici were examined after hydrat ion 
at 0 and 100 C, they assumed a recognizable 
form from their amorphous,  cryptobiot ic  
form. At both  temperatures,  50 % less A T P  
was present than was present in tile active 
state at 25 C. When  hydrat ion was init iated 
at 25 C, the larvae took on a recognizable 
form within a few rain and a net increase 
in A T P  was detected in 40 rain. Therefore ,  
in the cryptobiotic  state, A T P  and the 
mechanism for synthesizing A T P  are pres- 
ent. Since A T P  concentrations were similar 
in galls of different ages (3, 4, and 5 years), 
it is likely that  metabol ism is nondetectable  
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because it  is n o n e x i s t e n t  in the c ryp tob io t i c  
state. 

R a t e  of  A T P  decay was e x a m i n e d  par t ly  
to re la te  A T P  to n e m a t o d e  survival .  Stand- 
ard  solut ions  of  A T P  were  fair ly stable at  
0 C, and  the decay ra te  d id  no t  increase 
subs tan t ia l ly  w h e n  the t e m p e r a t u r e  was in- 
creased to 100 C. However ,  w h e n  l ive larvae  
of  A. tritici were sub jec ted  to the l e tha l  
t e m p e r a t u r e  of  60 C before  sonif icat ion,  the 
A T P  decay ra te  was 3 t imes faster t han  
w h e n  s imi la r  l a rvae  were  sonif ied and  then  
subjec ted  to 60 C. T h e s e  resul ts  ind ica te  
tha t  the dea th  of  la rvae  at 60 C may  resul t  
d i rec t ly  or  ind i rec t ly  f rom a r a p i d  d e p l e t i o n  
of A T P .  

As suggested prev ious ly  (6), the sensi- 
t ive m e a s u r e m e n t  of  A T P  has p roved  use- 
ful for studies of  n e m a t o d e  survival  in  ac- 
tive and  in  hypob io t i c  states. 
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