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Anhydrobiosis in Nematodes Ih Carbohydrate and Lipid 
Analysis in Undesiccated and Desiccate Nematodes 

CHRISTOPHER ~,rOMERSLEY,a STEWART N .  T H O M P S O N ,  2 AND LAWRENCE SMITH a 

Abstract: Glycogen,  trehalose,  glucose, and  total  l ipid conten ts  of six n e m a t o d e  species were 
s tudied.  Anhydrob io t i c  Anguina tritici a n d  Ditylencbus dipsaci stored t rehalose in preference  to 
glycogen and  only small  a m o u n t s  of  glucose were detected.  Glycogen con ten t  was also r educed  in 
anhydrob io t i c  Aphelenchus avenae. Conversely,  Panagrellus redivivus a n d  Turbatrix accti con- 
t a ined  large a m o u n t s  of  glycogen, apprec iable  a m o u n t s  of  glucose, and  m i n i m a l  a m o u n t s  of  
trehalose.  Ditylenchus myceliophagous "curds"  con ta ined  low a m o u n t s  of glycogen a n d  very 
l i t t le trehalose;  total  l ipid was 60% of  tha t  in fresh samples .  T h e  l ipid conten ts  of  fresh samples  
of  P. redivivus, T. aceti, a n d  A. avenae were h i g h  (23.1, 21.9, and  36.7% dry weight ,  respectively), 
b u t  in anhydrobio t ic  A. avenae larvae the  level was reduced by over 60%. In  contrast ,  l ipid levels 
r ema ined  h igh  in anhydrob io t i c  A. tritici and  D. dipsaci larvae (40.6 and  38.3%, respectively). 
Analysis  of  l ipid compos i t ion  in anhydrobi4atic A. tritici a n d  A. avenae did no t  indicate  any  
specific metabol ic  adap ta t ions  to desiccation survival .  Key words: physiology,  A n g u i n a  tritici, 
Di ty lenchus  dipsaci,  D. mycel iophagous ,  Panagre l lus  redivivus,  T n r b a t r i x  aceti. 
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It is well established that a number of 
microorganisms are capable of withstanding 
prolonged periods of desiccation by entering 
into a state of anhydrobiosis. Some of the 
most successful multicellular anhydrobiotes 
are in the phylum Nematoda, particularly 
Ditylenchus dipsaci and ,4nguina tritici, 
both of which parasitize the ariel parts of 
plants (27,28). Similarly, the free-living 
mycophagous nematode .4phelenchus av- 
enae has demonstrated an ability to survive 
periods of extreme dehydration (9). Anhy- 
drobiotic survival in these organisms is sup- 
ported by physical, structural, behavioral, 
and biochemical adaptations, all of which 
are closely interrelated (13,40). 

Recently, efforts have focused on the bio- 
chemical adaptations employed by anhydro- 
biotes, specifically the role of carbohydrate 
and, to a lesser extent, lipid reserves. The  
major energy reserve of plant-parasitic and 
free-living nematodes is lipid (2), and it has 
been suggested that the high lipid content 
of D. dipsaci could contribute towards its 
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successful survival during long periods of 
desiccation (37). Krusberg (19) and Krus- 
berg et al. (22), however, could find no cor- 
relation between lipid content and desicca- 
tion survival, al though no analyses were 
made on nematodes in the desiccated state. 
Conversely, Demeure et al. (11) showed a 
relationship between the quanti ty of stored 
carbohydrate and lipid reserves and desicca- 
tion survival in HelicotyIenchus dihysteria 
and Scutellonema cavenessi; opaque females 
(those presumably containing more lipid 
and carbohydrate) survived desiccation far 
better than transparent females. 

Studies on A. avenae larvae have shown 
that trehalose and glycerol levels rise signifi- 
cantly at the onset of desiccation at the 
expense of glycogen and lipid reserves (25) 
and that on revival glycogen is resynthe- 
sized, but lipid continues to be degraded 
(I0). Womersley and Smith (41) also found 
a significant increase in trehalose content in 
anhydrobiotic D. dipsaci and A. tritici 
larvae, but  lipid and glycogen contents were 
not determined. 

The  present study was undertaken to 
compare the storage carbohydrate and total 
lipid content of three nematode anhydro- 
biotes--A, avenae, /t. tritici, and D. dipsaci-- 
with those of three species which survive 
poorly-Panagrellus redivivus, Turbatrix 
aceti, and Ditylenchus myceliophagous. In 
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addition, analyses of the lipid composition 
of anhydrobiotic A. avenae and A. tritici 
larvae were undertaken for comparison with 
analyses already made on fresh samples of 
other free-living and plant-parasitic nema- 
todes (15,19,20,21,22,31). 

MATERIALS AND METHODS 

Experimental  material: Desiccation-re- 
sistant fourth-stage larvae of D. dipsaci were 
obtained in the anhydrobiotic state from 
"eelworm wool" (narcissus strain, 1977 ma- 
terial) and resistant anhydrobiotic second- 
stage larvae of A. tritici were obtained from 
wheat (41). D. myceliophagous was cultured 
as described previously (27); P. redivivus 
was maintained on brown flour cultures 
(12); T. aceti was obtained from vinegar 
cultures (38). Extraction and washing pro- 
cedures were identical to those previously 
reported (41); nematode samples were 
lyophilized overnight then stored at 5 C 
until  used. A. avenae was cultured in a 
manner similar to that of Cooper and Van 
Gundy (8) and harvested after the method 
of Crowe and Madin (9). Fresh worms were 
stored at -22 C until  used. Pellets contain- 
ing 100 mg of .4. avenae larvae were pre- 
pared by the method of Crowe and Madin 
(9) and stored over phosphorus pentoxide 
in a vacuum desiccator prior to analysis. 

Carbohydrate analyses: The alkali-stable 
carbohydrate fraction of fresh ,4. avenae 
samples was prepared by digestion of ho- 
mogenized nematodes with 30% potassium 
hydroxide for 1 h (nematodes were homog- 
enized by suspending in distilled water and 
passing twice through a cold Aminco French 
pressure cell at 19,000-20,000 psi). Glycogen 
was precipitated from the alkali-stable frac- 
tion by tile addition of 1.2 vol 95 % ethanol 
(14). Both fractions were analyzed quantita- 
tively by the anthrone method of Mokrasch 
(26). Trehalose contents were determined by 
the subtraction of glycogen from the alkali- 
stable fraction. Glucose concentrations were 
determined after the method of Schmidt 
and Platzer (30). Glucose and trehalose in 
all other samples were extracted and puri- 
fied after the method of Womersley (39) 
and analyzed by gas-liquid chromatography 
(GLC) of their trimethylsilyl derivatives 
(41). The glycogen content of these samples 
was determined by the anthrone method of 

Roe and Dailey (28) as reported by Wom- 
crsley (38). 

Lipid  contents: Samples (10 mg) of 
lyophilized nematode tissue were sonicated 
for 15 min at 22 kc in 1 ml methanol: 
chloroform (1:1); the total lipid fraction 
was then purified and quantified gravi- 
metrically (16). 

Lipid  composition: Total  lipids of 
anhydrobiotic A. avenae and A. tritici 
larvae were extracted by homogenization in 
methanol:chloroform (2:1 v/v) and isolated 
by the method of Bligh and Dyer (4). Tota l  
lipid extracts were separated into individual 
lipid classes by two-dimensional thin-layer 
chromotography on 20 × 20 cm × 250/~m 
thick silica gel G plates. Plates were acti- 
vated at 110 C and developed ill hexane: 
diethylether (80:20) in the first direction 
and hexane:diethylether:methanol (70:20: 
10) in the second direction (35). Glacial 
acetic acid (1%) was included in each 
solvent systenl to reduce tailing. Identifica- 
tions were made by co-chromatography of 
standards. Lipids were detected by spraying 
developed plates with 0.2% ethanolic 2, 
7-dichlorottuorescein and visualized under 
UV light. Lipids were quantified by spray- 
ing developed plates with 50% H~SO,,, 
charring at 125 C for 5 rain and subsequent 
densitometric scanning with a KM3 Carl 
Zeiss scanning spectrometer. 

Phospholipids were analyzed by spotting 
aliquots of total lipid extracts onto similar 
but nonactivated silica gel G plates. Plates 
were developed in chloroform:methanol:  7N 
N H , O H  (60:35:5) in the first direction and 
chloroform: me thanol: 7 N N H~ OH (35: 60: 5) 
in the second direction (32). 

For fatty acid analysis, total lipid ex- 
tracts were saponified (23) and the resultant 
free fatty acid mixture esterified with di- 
azomethane (29). The  methyl esters were 
analyzed by GLC on a Hewlett-Packard 
58-30A gas chromatograph equipped with a 
2-m cohnnn containing 15% diethylene gly- 
col succinate on Chromosorb W (AW), 
60/80 mesh (36). Nitrogen was the carrier 
gas (30 ml/min)  and the column oven tem- 
perature was maintained at 175 C. The  in- 
jection port temperature was 220 C and 
that of the flame ionization detector was 
260 C. Standard solutions of known pro- 
portions of long-chain fatty acid methyl 
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esters (myris t ic  [14:0], p a l m i t i c  [16:0], 
p a h n i t o l e i c  [16: 1] s tear ic  [18:0], o le ic  [18: 1], 
l ino le ic  [18:2], l i no l en i c  [18:3]) were  r u n  
before  ant i  a f te r  each s amp le  to fac i l i t a te  
i t l en t i f ica t ion  a n d  q u a n t i t a t i v e  ca lcu la t ions .  
T h e  degree  of  u n s a t u r a t i o n  of the  l i p i d  was 
ca l cu l a t ed  in te rms of the  n u m b e r  of d o u b l e  
bonds  per  mole  (34). 

R E S U L T S  

Glycogen ,  t rehalose ,  a n d  glucose  con- 
tents  are  p r e sen t ed  in  T a b l e  1. T h e  gly- 
cogen c o n t e n t  of a n h y d r o b i o t i c  D. dipsaci 
cou ld  no t  be ana lyzed  due  to  lack  of ma-  
ter ia l ;  t r eha lose  a n d  glucose con ten t s  of 
a n h y d r o b i o t i c  A. avenae l a rvae  were  no t  
ana lyzed  because  of the  a d e q u a t e  work  of 
M a d i n  a n d  Crowe (25). T h e  g lycogen  con- 
tents  of  a n h y d r o b i o t i c  A. tritici and  A. 
avenae l a rvae  were  e x t r e m e l y  low. T h e s e  
low levels were no t  d i s t i nc t l y  d i f fe ren t  f rom 
the a m o u n t  f o u n d  in fresh A.  avenae sam- 
ples. A l t h o u g h  the g lycogen  c o n t e n t  of D. 
mycel iophagous  (6 .35%) was low c o m p a r e d  
to tha t  of P. rediv ivus  a n d  T. aceti, i t  was 
a p p r e c i a b l y  h ighe r  t han  t ha t  of  fresh A. 
avenae santples.  I n  contras t ,  a n h y d r o b i o t i c  
l a rvae  of A. tritici a n d  D. dipsaci c o n t a i n e d  
c o m p a r a t i v e l y  h igh  levels of  t rehalose ,  
whereas  the  t reha lose  con ten t s  of  D. my- 
celiophagous, P. redivivus,  a n d  T.  aceti were 
low. T h e  t r eha lose  con t en t  of  fresh A. av- 
enae was h i g h e r  than  tha t  of the  l a t t e r  th ree  
species a n d  was a p p r o x i m a t e l y  5 0 %  of  t ha t  
found  in a n h y d r o b i o t i c  D. dipsaci larvae.  
Free  glucose con ten t s  va r i ed  great ly ,  w i t h  
lowest  levels b e i n g  f o u n d  in the  a n h y d r o -  

b io t i c  l a rvae  of  A.  tritici a n d  D. dipsaci. 
T h e  glucose con ten t s  of fresh A. avenae 
l a rvae  a n d  1). mycel iophagous  " c u r d "  l a rvae  
were,  in compar i son ,  m u c h  h igher .  H i g h e s t  
concen t r a t i ons  of free glucose were  f o u n d  
in P. rediviwts  anti  T. aceti samples ;  the  
l ree glucose c on t e n t  of i n d i v i d u a l  T.  aceti 
samples  showed a h igh  degree  of va r i a t i on .  

T h e  to ta l  l i p i d  con ten t s  of  P. redivivus 
a n d  T. aceti were very s imi l a r  ( T a b l e  2). 
Much  h ighe r  levels of  l i p i d  were  f o u n d  i n  
a n h y d r o b i o t i c  D. dipsaci a n d  A. tritici 
larvae.  Fresh  A. avenae c o n t a i n e d  a h igh  
level of l ip id ,  b u t  this  was r e d u c e d  by  ap- 
p r o x i m a t e l y  60% in a n h y d r o b i o t i c  larvae .  
A s imi la r  s i t u a t i o n  occu r red  in  D. mycelio- 
phagous,  where  curds  c o n t a i n e d  60% of  the  
l i p i d  c on t e n t  of fresh nema todes .  

T h e  to ta l  l i p i d  compos i t i ons  of a n h y d r o -  
b io t i c  A. tritici a n d  A. avenae l a rvae  are  
p re sen ted  in  T a b l e  3 a n d  a r e p r e s e n t a t i v e  
c h r o m a t o g r a m  is p r e sen t ed  in  Fig. 1. T h e  
m a j o r  n e u t r a l  l i p i d  of  b o t h  A. tritici a n d  
A. avenae was t r ig lycer ide ,  wh ich  a c c o u n t e d  
for 85.3% a n d  79.0% of  the  to ta l  l i p id ,  re- 
spect ively.  P h o s p h o l i p i d s  c o m p r i s e d  14.6% 
of the  to ta l  l i p i d  in A. tritici, a n d  free 
sterol ,  free fa t ty  acid,  a n d  h y d r o c a r b o n s  
were  p resen t  in t race amoun t s .  Dig lycer ides  
a n d  s terol  esters were  no t  de tec ted .  T h e  
p h o s l ) h o l i p i d  level  was no t  as h igh  as in  A. 
,riHci (i.e., 8 .2% of to ta l  l ip id) ,  b u t  the  free 
fat ty  acid  f rac t ion  c o m p r i s e d  12.8% of  the  
to ta l  l ip id .  T r a c e  c o m p o n e n t s  of A. avenae 
l i p i d  inchnte t l  free sterol ,  d ig lycer ide ,  s terol  
ester,  and  h y d r o c a r b o n .  

Phosp l l a t i dy l  cho l ine  a n d  p h o s p h a t i d y l  
e t h a n o l a m i n e  were the  most  a b u n d a n t  

Table 1. The free glucose, trehalose and glycogen cements of six species of nematode worms.* 

Species Type of sample]" Glycogen Trehalose~ Glucose 

Anguina tritici L,. A 
Ditylenchus dipsaci L~ A 
Aphelenchus avenae L 1, Ad. F 

Ditylenchus myceliophagous Lm. Ad. C 
Panagrellus rediviwts MAd. F 
Turbatrix aceti Lm, Ad. F 

1.11 + 0.16 (4) 9.1 ±2.1 (5) 0.16___ 0.11 (6) 
- -  4.63 ± 1.63 (5) 0.36 ± 0.07 (4) 

2.13 ± 0.7 (4) 2.84 ± 0.77 (4) 1.12 ± 0.21 (4) 
1.24 ± 0.16 (2) -- -- 
6.35 ± 0.37 (6) 0.53 ± 0.09 (4) 1.79 ± 0.09 (5) 

25.23 + 1.65 (12) 0.43 ± 0.1 (5) 2.55 ± 0.3 (5) 
22.73 ± 0.73 (12) 0.67 ± 0.12 (6) 5.87 ± 1.6 (5) 

*Results expressed as percentage of dry weight __. slandard deviatioo. Number of samples analyzed are 
included in parentheses. 

]'L., = second-stage larvae; L 4 = fourth-stage larvae; L e Ad. = fourth-stage larvae and adults; Lm, 
Ad. = mixed larval slages and adults; MAd. = mainly adult larvae; A = Anhydrobiot!c; F = fresh; C = 
curds. 

~¢Wonlersley and Smith, 1981. 
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T a b l e  2. T h e  total  l ipid con ten t  of  six species of  nematodes .*  

Species T y p e  of sa lnp le t  T o t a l  l ipid 

Anguina tritici 
Ditylenchus dipsaci 
Aphelenchus avenae 

Ditylenchus myceliophagous 

Panagrellus redivivus 
Turbatrix aceti 

L 2 A 40.6 __+ 2.64 (4) 
L~ A 38.3 ± 2.4 (5) 
L 4, Ad. F 36.65 _+ 1.12 (6) 

A 14.0 --+ 2.5 (2) 
Lm,  Ad. F 30.76 ± 2.45 (5) 

C 18.0 +- 0.4 (2) 
MAd.  F 23.14 4- 2.27 (7) 
Lm,  Ad. F 21.9 +_ 2.58 (4) 

*Resul t s  are expressed as percentage  dry weight  _ one s t anda rd  deviat ion.  N u m b e r s  of samples  ana-  
lyzed are inc luded  in parentheses .  

+L 2 = second-stage larvae; L 4 = four th-s tage  larvae; L 4, Ad. = four th -s tage  larvae and  adul ts ;  Lm,  
Ad. = mixed  larval stages and  adults ;  MAd.  = main ly  a d u l t  larvae; A = anhydrobio t ic ;  F = fresh; C = 
curds. 

Tab l e  3. Compos i t ion  of the  total  l ipids of  an-  
hydrobiot ic  Anguina tritici and  Aphelenchus avenae 
larvae separa ted  by th in- layer  ch roma tography .*  

Lip id  A. tritici A. avenae 

Diglyceride . . .  T r ace  
Free sterol T race  Trace  
Free fatty acid T race  12.8 
Tr ig lycer ide  85.3 79.0 
Sterol ester . . .  T r ace  
Hydroca rbon  Trace  T race  
Phospho l ip id  14.6 8.2 

*Values  expressed as a percentage  of  the  total  
lipid. 

phospholipids in both A. tritici and A. av- 
enae (Table 4, Fig. 2). Phosphatidyl inositol 
and phosphatidyl serine were not ade- 
quately separated by the chromatographic 
system to determine their individual 
amounts; the combined fraction constituted 
tile third most abundant phospholipid in 
A. tritici and A. avenae. In both species 
lysophosphatide was a minor component; 
tile chromatographic system employed was 
unable to separate lysophosphatidyl choline 
and lysophosphatidyl ethanolamine. Phos- 
phatidic acid was present in trace amounts 
but was only tentatively identified by its 
chromatographic behavior. 

t SOLVENT II 

T RIGLYCERID(~O 

O FREE FATTY ACID 

~BTEROL 

G 
HYDROCARBONS 

r "  < 

5 

t SOLVENT 

HYDROCARBONS 

oC;) TRIGLYCER~ G t 

STER~ 
ESTER 

O .DIGLYCERIDE 

~ b F R E E  FATTYACID 
% 
STEROL 

8 

(~) PHOSPHOL IPID (~) PHOSPHOLIPID 

A B 

Fig. I. D i ag rammat i c  represen ta t ion  of  two-d imens iona l  th in- layer  c h r o m a t o g r a m s  of the  total l ipids 
f rom anhydrobio t ic  larvae of Anguina tritici (a) a n d  Aphelenchus avenae (b). Solvent systems were hexane :  
d ie thyle ther :ace t ic  acid (80:20:1) in the  first d i rect ion followed by hexane :d i e thy l e the r :me thano l : ace t i c  acid 
(70:20:10:1) in the  second. 
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Table 4. Phospholipid composition of anhydro- 
biotic Anguina tritici and Aphelenchus avenae 
larvae separated by thin-layer chromatography.* 

"Fable 5. Major fatty acid composition and degree 
of unsaturat ion of total lipid from anhydrobiotic 
larvae of Anguina tritici and Aphelenchus avenae.* 

Phospholipid A. tritici A. avenae Fatty acid A. tritici A. avenae 

Phosphatidyl choline 37.8 38.8 
Phosphatidyl ethanolamine 36.4 41.9 
Phosphatidyl serine/inositol 18.4 13.2 
Lysophosphatide 7.4 6.1 
Phosphatidic acid Trace Trace 

*Values expressed as a percentage of the total 
phospholipid fraction. 

The major fatty acids of anhydrobiotic 
A. tritici and A. avenae larvae are shown in 
Table 5; gas chromatograms are presented 
in Fig. 3. Approximately 88% of the total 
fatty acids in A. tritici and 74% of those in 
A. avenae were unsaturated. However, nlost 

14:0 2.8 3.2 
Unkno~a n 1.1 3.6 
16:0 4.9 7.8 
16:1 5.7 2.0 
18:0 1.4 4.7 
18:1 73.6 31.2 
18:2 6.5 40.9 
18:3 2.8 Trace 
Unknown 1.0 4.5 

Degree of unsaturat ion 1.01 1.15 

*Results are expressed as relative percentage of 
total fatty acid. 

] I  

PHOSPHA~t0YL 

LYSOPHOSPHAT tDE 

!i, 

Fig. 2. A two-dimensional thin-layer chromatogram of the phospholipid composition of anhydrobiotic 
Anguina tritici. Solvent systems were chlorofonn:methanol:7N NH4OH (60:35:5) in the first direction fol- 
lowed by chloroform:methanol:7N NHtOH (35:60:5) in the second. 
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Fig. 3. Gas chromatograms on a column contain- 
ing 15% diethylene glycol succinate of the total fatty 
acids from anhydrobiotic larvae of Anguina tHtici 
(a) and Aphelenchus avenae (b). 

of the unsaturated fatty acids in A. tritici 
were mono-unsaturates, whereas aproxi- 
mately equal amounts of mono-unsaturates 
and di-unsaturates occurred in A. avenae. 
Thus,  the degree of unsaturat ion in the two 
nematodes was almost identical (Table  5). 
T h e  major fatty acid in A. tritici was 18: 1, 
but  18:1 and 18:2 occurred in similar pro- 
portions in A. avenae. Although traces of 
a number  of unidentified fatty acids were 
detected, two unknown peaks, one occurring 
directly after the appearance of 14:0 and 
one appearing over 30 rain after 18:3, were 
regarded of sufficient importance to be in- 
cluded in Table  5. 

DISCUSSION 

Womersley and Smith (41) observed that 
anhydrobiotic  D. dipsaci and d.  tritici 
larvae stored appreciable amounts of tre- 
halose, but  they did not compare its levels 
to those of other storage carbohydrates. T h e  
present work shows that, with respect to 
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amounts found in nematodes incapable of 
desiccation survival, D. dipsaci and A. tritici 
contain comparatively high levels of tre- 
halose and extremely low levels of glycogen 
and glucose. This  was not  unexpected, since 
Madin and Crowe (25) demonstrated that 
upon entering anhydrobiosis, A. avenae in- 
creased its trehalose level while glycogen 
was reduced. T h e  levels of glycogen found 
in anhydrobiot ic  A. avenae larvae during 
the present work compared favorably with 
those previously reported (32), but  the gly- 
cogen content of fresh A. avenae larvae was 
low. This can be at t r ibuted to the method 
of storage before analysis, in which metab- 
olism under  anaerobic conditions may have 
occurred and resulted in a reduction in 
glycogen content  (8). 

In direct contrast to the above, the main 
storage carbohydrate of the free-living 
nematodes P. rediviwts and T. aceti was 
glycogen, with appreciable amounts of glu- 
cose also occuring. T h e  glycogen content  of 
T. aceti was similar to that already reported 
(3). Barrett  et al. (3) recorded a glycogen 
content  of 6.5% of dry weight for P. re- 
diviwts when freshly extracted and 3.7 % of 
dry weight when starved for I0 days; we 
found a glycogen content  of 25.23% of dry 
weight for freshly extracted P. redivivus. 
"I'his discrepancy may be at t r ibuted to the 
fact that they harvested P. redivivus from 
petri-dish lids where the worms had ag- 
gregated far from the culture medium and 
thus may already have been starved. A sim- 
ilar situation may have occurred in the D. 
myceliophagous samples analyzed from 
curds. These samples were collected when 
the culture medium became fouled and the 
worms aggregated to form the characteristic 
curds. T h a t  partial  starvation had occurred 
is indicated by the reduced glycogen and 
lipid contents compared to freshly extracted 
worms. 

It would appear  from the observations 
made on storage carbohydrates that nema- 
tode anhydrobiotes, like other anhydro- 
biotes (40), store trehalose instead of gly- 
cogen and that this phenomenon is closely 
associated with the ability to survive desic- 
cation. Madin and Crowe (25) suggested, 
and it was later confirmed (24), that pref- 
erential storage oE trehalose reduces the 
chance of a "browning" reaction occurring 
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between the reducing sugars and free amino 
groups of dry proteins. Reductions in free 
glucose would also aid in the elimination of 
this reaction (41). 

In tile present work, each species studied 
contained high lipid content with respect 
to the animal-parasitic nematodes. The  total 
lipid contents of P. rediviwls and T. aceli 
agreed with the findings of both Sivapalan 
aml Jenkins (31) and Barrett et al. (3). 
Similarly, fresh D. myceliophagous had a 
high lipid content (30.76% of dry weight), 
but this amount  was drastically reduced in 
nematodes from curds and thus indicated 
that these nematodes were indeed starved. 
During perio~ls of starvation the total lipid 
contents of P. redivivus and T. aceti are also 
reduced (3). Similarly, the lipid content of 
anhydrobiotic larvae of A. avenae was re- 
duced by 60%. However, Madin and 
Crowe (25) suggested that lipid utilization 
in A. avenae at the induction of anhydro- 
biosis is geared not to the production of im- 
mediate energy, but rather to the synthesis 
of trehalose and glycerol and thus must be 
considered an important  facet in the sur- 
vival ability of this nematode. This situa- 
tion would not appear to be the case in 
anhydrobiotic larvae of D. dipsaci and A. 
tritici, where high lipid levels (38.3 and 
40.6 54 ) were maintained and were identical 
to those previously reported for fresh sam- 
ples of D. dipsaci (19). This observation 
suggests that in D. dipsaci and A. tritici, 
trehalose is synthesized at the expense of 
glycogen and not lipid and that the lipids 
in these nematodes remain unchanged as 
they pass from the active to the anhydro- 
hiotic phase. 

Our analyses of the lipid composition of 
A. avenae and A. tritici did not indicate any 
specific adaptations that could be primarily 
associated with anhydrobiotic survival. Both 
nematodes contained large amounts of neu- 
tral lipid, mainly in the form of triglyceride, 
as is the case in T. aceti (15) and P. re- 
divivus (3). An appreciable amount  of free- 
fatty acid (12.8% of total lipid) was found 
in A. avenae, but this was less than that 
found in T. aceti (15) and may be related 
to differences in host tissue lipids rather 
than direct synthesis (3). Except for traces 
of other lipid classes, phospholipid com- 
prised the remaining total lipid in both 

species. Womersley and Smith (41) sug- 
gested that phospholipids, particularly 
phosphatidyl inositol, may be important  in 
membrane stablization during desiccation. 
Our present results do not support this 
view. The levels of phospholipid found in 
A. lritici and A. avenae, although higher 
than that reported for M. ]avanica females 
(6), were low compared with the amounts 
found in T. aceti (7,15) and P. redivivus 
(31). The  major phospholipids of A. avenae 
and A. tritici were phosphatidyl ethano- 
lamine and phosphatidyl choline, which 
are also the most abundant  phospholipids 
in T. aceli (7), P. redivivus (31), M. ]avan- 
ica (6), and tile animal parasitic nematodes 
Ancylostoma caninum (18), Ascaris lumbri- 
coides (33), Dirofilaria immit is  (17), Setaria 
cervi (1), and Trichinella spiralis (5). Al- 
though comparatively high levels of 
phosphatidyl serine plus phosphatidyl ino- 
sitol were detected in both species, it was 
impossible to determine the amounts of 
each due to lack of separation on the 
chromatograph. Comparison with other 
species (6) suggests that phosphatidyl serine 
may be tile major contributor. 

Tile total fatty acid compositions of A. 
avenae and A. tritici, although distinctly 
different in type, conformed to the findings 
in other nematodes (15,19,22,31) in that 
most of the fatty acids were unsaturated 18- 
carbon acids. The  two major fatty acids in 
A. avenae were 18:1 and 18:2 (72 % of total). 
The  fatty acid composition of A. tritici was 
similar to that of D. dipsaci (19), M. incog- 
nita, and M. arenaria (22), in that the major 
fatty acid was 18: 1, which comprised 73.6% 
of tlle total. No differentiation was made 
between the major isomers of 18:1 (vaccenic 
and oleic acid), al though Krusberg et al. 
(22) have shown that in Ditylenchus and 
Meloidogyne species, the greater proportion 
of 18:1 is composed of vaccenic acid (18:1~7). 
The "unknown"  fatty acid component re- 
ported in both A. tritici and A. avenae had 
a retention time within the range expected 
for 20-carbon polyunsaturates. In addition, 
two lesser peaks were also evident after 18:3 
in A. avenae but were too small for quanti- 
fication. Twenty-carbon polyunsaturates oc- 
cur commonly in free-living and plant- 
parasitic nematodes and have been reported 
on numerous occasions, generally at levels 
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of 1 - 1 0 %  (6,19). F u r t h e r  ana lys is ,  however ,  
was n o t  ca r r i ed  o u t  d u r i n g  t h e  p r e s e n t  s t u d y  
to c o n f i r m  the i r  p r e sence  or  i d e n t i t y .  A d d i -  
t i o n a l  s t udy  is t he re fo re  necessary  to  char-  
ac ter ize  the  20 -ca rb o n  fa t ty  ac id  c o m p o s i t i o n  
of these  species.  

Overa l l ,  t he  l i p i d  c o m p o s i t i o n s  of  A.  
avenae a n d  `4. tritici are  s i m i l a r  to those  of 
o t h e r  f r ee - l iv ing  a n d  p l a n t - p a r a s i t i c  n e m a -  
todes.  R e s e a r c h  does sugges t  a specific ro l e  
for l i p i d  i n  a n h y d r o b i o t i c  a n d  r e v i v e d  `4. 
avenae l a rvae  (10,25), b u t  i ts  ro le  i n  the  
su rv iva l  of D. dipsaci a n d  .4. tritici is s t i l l  
u n c e r t a i n .  U l t r a s t r u c t u r a l  s tud ies  o n  l i p i d  
in  A. tritici (41) h a v e  de t ec t ed  a l t e r a t i o n s  
i n  c u t i c u l a r  l i p i d  c o m p o s i t i o n  w h i c h  c o u l d  
h e l p  r e d u c e  e v a p o r a t i v e  w a t e r  loss. W o m -  
ers ley (40) has  sugges ted  t h a t  l i p i d  c o u l d  
p l a y  a n  i m p o r t a n t  ro le  i n  su rv iva l  b y  m a i n -  
t a i n i n g  the  spa t i a l  d i s t r i b u t i o n  of  t issues i n  
the  a b sence  o~ b u l k  water .  F u r t h e r m o r e ,  be-  
cause `4. avenae c a n n o t  u t i l i z e  l i p i d  u n d e r  
a n a e r o b i c  c o n d i t i o n s  (8), he  p o s t u l a t e d  t ha t  
the  h i g h  levels  of  l i p i d  i n  D. dipsaci a n d  `4. 
tritici c o u l d  be  a c o m b i n e d  effect of  an h y -  
d r o b i o s i s  p lu s  a n o x y b i o s i s  w h i c h  w o u l d  oc- 
cu r  a t  t he  ons e t  of  a n h y d r o b i o s i s .  

I n  c o n c l u s i o n ,  i t  seems t h a t  the  m a i n  
p u r p o s e  of  l i p i d  i n  f r ee - l i v ing  a n d  p l a n t -  
p a r a s i t i c  n e m a t o d e s  is the  p r o v i s i o n  of  food  
reserves w h i c h  c a n  e i t h e r  be  u t i l i z e d  d u r i n g  
pe r iods  of e n v i r o n m e n t a l  stress or, as i n  the  
case of n e m a t o d e  a n h y d r o b i o t e s ,  be  u t i l i z e d  
a t  t h e  i n d u c t i o n  of, a n d  r ev i v a l  f rom,  the  
a n h y d r o b i o t i c  s tate.  
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