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Small Collagenous Proteins Present during the 
Molt in Caenorhabdit is e legans 1 

SAMUEL M.  POLITZ,  2 J O A N  C.  POLITZ,  s AND ROBERT S. EDGAR 4 

Abstract: Immunoblot t ing  experiments using antibodies directed against the large collagenous 
cuticle proteins of Caenorhabditis elegans revealed a class of small collagenous proteins (CP) of 
apparent  molecular weight 38,000-52,000 present  during the L4 to adult molt. These  CP are 
smaller than most ver tebrate  collagens characterized to date and share many characteristics with 
the  small collagenous products translated in vitro f rom RNA isolated at this molt. C. elegans collagen 
genes, collagen-coding mRNA, and collagenous in vitro products that  have been characterized are 
also small. Detection of  small CP in vivo in C. elegans thus lends fur ther  support  to the hypothesis 
that  such small collagenous proteins are the primary gene product  precursors to the larger collag- 
enous proteins isolated from the C. elegans cuticle. 
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The cuticle of adult Caenorhabditis ele- 
gans is synthesized de novo at the L4 to 
adult molt (4). When adult cuticles are 
treated with reducing agent and detergent,  
many large collagenous cuticle proteins 
(CCP) with molecular weights (Mr) of 
60 ,000-210 ,000  are  solubilized (5,7). 
However, a single predominant  collagen 
mRNA size class (1.2-1.4 kb) has been de- 
tected at this molt (3,21) and correspond- 
ingly small (Mr of  32,000-52,000) colla- 
genase-sensitive polypeptides are translated 
in vitro from these RNA preparations (21). 
With one minor exception, collagen-cod- 
ing RNA or collagenous translation prod- 
ucts of  the large size required to represent 
the CCP are not found. The  two C. elegans 
collagen genes sequenced so far are also 
small in size, and approximately 20 other  
genes appear to be of  similar small size, as 
judged by restriction endonuclease map- 
ping of cloned DNA fragments (3,13). 

For these reasons, and because verte- 
brate collagen chains are known to be sub- 
ject to extensive post-translational modi- 
fications, including interchain crosslinking 
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(9), it is plausible that the large CCP iso- 
lated from the C. elegans cuticle are derived 
biosynthetically by covalent crosslinking of  
smaller primary gene product precursors. 
Such a model predicts that the putative 
precursors should be present in molting 
nematodes and should have relatively small 
Mr and other  properties consistent with the 
observed properties of  the characterized 
collagen genes and collagenous in vitro 
translation products. However, such small 
collagenous polypeptides have not been 
detected in extracts of  molting nematodes 
after continuous or classical short-pulse la- 
belling regimes (M. Kusch, unpubl.), per- 
haps because of insensitivity of  the label- 
ling methods feasible at the molt in C. 
elegans (21). As an alternative, we devel- 
oped an immunoblotting procedure (11,22) 
capable of  detecting very small amounts of  
the CCP. This procedure was used to screen 
extracts of  molting nematodes for the pres- 
ence of  putative cuticle protein precursors. 

The  rabbit antiserum used in these stud- 
ies was directed against the solubilized adult 
cuticle proteins (adult CCP). This immu- 
nogen contains all the collagenous proteins 
solubilized by disulfide reduction in deter- 
gent after previous extractions that re- 
move noncuticle components from the 
preparation (5,6). Because the precursors 
should share many structural determinants 
with adult CCP, this antiserum appeared 
to be a good choice for detection of  pu- 
tative precursors. 

These experiments show for the first time 
that small collagenous proteins with prop- 
erties similar to the collagenous translation 
products of  RNA isolated from molting 
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nematodes (21) are indeed detectable in 
vivo at the molt. 

MATERIALS AND METHODS 

Abbreviations: LO = le thargus  onset .  
LP = lethargus peak. LL = late lethargus. 
YA = young adult. SS -- sonication super- 
natant. SSS = supernatant from 12,000 g 
centrifugation of  SS. SSP = 12,000 g pellet 
from SS. SDS fraction = supernatant con- 
taining proteins solubilized by boiling crude 
cuticles in sodium dodecyl sulfate (SDS). 
BME fraction = supernatant  containing 
cuticle proteins solubilized by boiling SDS- 
washed cuticles in SDS and B-mercaptoeth- 
anol (BME). Small CP = small collagenous 
proteins. CCP = collagenous cuticle pro- 
teins (isolated directly from cuticles in BME 
fraction). 

Nematode growth: Synchronous popula- 
tions of  molting nematodes were grown at 
25 C from dauer as described by Cox et al. 
(5). A temperature-sensitive fertilization- 
defective mutant o f  C. elegans, fer-1 (hclts) 
I (strain BA1) was used in all experiments; 
growth at the restrictive temperature,  25 
C, insured that cuticle preparations were 
substantially free of  contamination by egg 
shells and embryonic proteins (5). The  pro- 
gression of  the population through the L4 
to adult molt was judged by the percentage 
of  nematodes with pharyngeal pumping 
present at any given time during the leth- 
argus marking the molt (4). LO popula- 
tions contained about 20% nonpumping 
nematodes, 80% L4; LP about 75% non- 
pumping, 25% L4; LL about  5% non- 
pumping, 95% adults; young adult (YA) 
populations were isolated 2.5 hours after 
the L4 to adult molt. 

To  isolate protein fractions for detection 
of  small collagenous proteins, nematodes 
harvested at the onset, peak, and conclu- 
sion of  lethargus marking the L4 to adult 
molt or as very young adults were sonicated 
and proteins were extracted into four frac- 
t ions--SS, SSP, SDS, and BME--as  de- 
scribed below. 

Protein isolation: Nematodes were soni- 
cated and fractionated as described by Cox 
et al. (5) in order to obtain crude cuticles. 
In addition, the sonication supernatant (SS) 
(after pelleting of  cuticles by centrifuga- 
tion at 300 g) was further fractionated. In 
previous work, the SS had been discarded; 

it contains proteins released during soni- 
cation that do not pellet with cuticles at 
300 g (5). 

The SS was centrifuged at 12,000 g for 
30 minutes at 4 C. This latter centrifuga- 
tion separates the SS into a pellet (SSP) and 
supernatant (SSS), neither of  which con- 
tained residual cuticle pieces visible by light 
microscopy. The  SSP was resuspended and 
boiled in a solution containing 1% SDS, 
10% BME (v/v), and 0.125 M tris-glycine, 
pH 6.8, and the fraction was then subjected 
to further analysis. 

The  crude cuticles collected by centrif- 
ugation at 300 g were extracted as de- 
scribed (5), first by boiling in SDS to sol- 
ubilize muscle and other  proteins still 
attached to cuticles after sonication (SDS 
fraction), and then by boiling these cleaned 
cuticles in SDS and BME to solubilize the 
coltagenous cuticle proteins, or  CCP (BME 
fraction). Protein concentrations were de- 
termined by the technique of  Lowry et al. 
(15). 

CoUagenase digestion: Some SSP samples 
(chosen because the proteins of  interest 
were most easily detected in this fraction) 
were digested with clostridial collagenase 
(Form III, Adv. Biofactures Corp.) at 37 
C overnight. The  collagenase and diges- 
tion conditions used have been document- 
ed as yielding no detectable nonspecific 
protease activity (17,20). Collagenase :pro- 
tein ratios were routinely one unit per mi- 
crogram acetone-precipitated protein sus- 
pended in collagenase digestion buffer (50 
mM tris-HC1, pH 7.4, 150 mM NaC1, 5 mM 
N-ethylmaleimide, 5 mM CaCI~). Undi- 
gested samples were incubated in the same 
buffer without collagenase. 

Gel electrophoresis: Proteins were elec- 
trophoresed on 7.5% or 10% SDS-poly- 
acrylamide gels (5,14). Aliquots of  BME 
fractions containing 10 #g total protein or 
SSS, SSP, and SDS fractions containing 
50 #g per  lane were routinely loaded for 
gels to be immunoblotted. 

SSP proteins were further analyzed us- 
ing one-dimensional isoelectric focusing. 
Four percent urea-polyacrylamide slab gels 
(0.75 mm thick) were used; gel solutions 
were as described by O'Farrell  (19) except 
that ammonium persulfate was added at 
0.1% instead of  0.01% to achieve proper  
polymerization. A linear pH gradient of  4 -  
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6 was established, and sample preparation 
and prefocusing volt-hours were as de- 
scribed by O'Farrell  (19) for tube gels. Fif- 
ty micrograms of  SSP fraction protein were 
electrophoresed in each lane. 

In order to correlate the molecular size 
characteristics of  the small CP seen by SDS- 
PAGE separation with the pI o f  the col- 
lagenous proteins seen by IEF separation, 
samples containing 50 ~g SSP proteins were 
also prepared and electrophoresed on two- 
dimensional gels (19). 

Proteins in all gel types were transferred 
to diazophenylthioether paper and im- 
munoblotted as described below. 

Antiserum preparation: Young male New 
Zealand White rabbits were immunized in- 
tramuscularly with 1 mg of  adult CCP dis- 
solved in 0.125 M tris-HC1, pH 6.8, 1% 
SDS, and 5% (v/v) BME (5) and emulsified 
with an equal volume of  Freund's complete 
adjuvant. Blood was collected 14 days after 
immunization. Antiserum from the same 
rabbit was used in all experiments. 

Immunoblotting: For a description of  the 
general technique see Gershoni and Palade 
(11). Proteins were separated by SDS-gel 
electrophoresis or isoelectric focusing and 
then electrophoretically transferred to di- 
azophenylthioether paper (22) prepared as 
suggested by the manufacturer (Bio-Rad, 
Inc.). The  small CP could not be detected 
as readily when proteins were transferred 
to nitrocellulose instead of  diazophenyl- 
thioether paper. After being blocked with 
a solution containing 10% (v/v) ethanol- 
amine, 1% bovine serum albumin (Miles 
Pentex, Fraction V Powder), and 100 mM 
tris-HC1, pH 8.8, the filters were washed 
with wash buffer (25 mM tris-HC1, pH 7.4, 
150 mM NaC1, 1% bovine serum albumin, 
0.1 mM phenylmethylsulfonylfluoride, 2 
mM (ethylenedinitrilo)-tetraacetic acid, and 
0.1 mM dithiothreitol) for 1 hour  and in- 
cubated with antiserum diluted in this buff- 
er (1:400) for 12 hours. Filters were then 
washed five times (1 hour each time) in 
wash buffer containing 0.5% Tri ton X 100 
and 0.2% SDS and incubated for 12 hours 
with [~5I]protein A (4.25 x 10 5 cpm/#l)  
diluted in wash buffer (1:500). We pre- 
pared [~25I]protein A by the chloramine T 
method (10); specific activities were typi- 
cally about 2 x l0 T cpm/gg.  After wash- 
ing five times (10 minutes each time) with 
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FIG. 1. Autoradiograms showing [3~S]-labelled (6) 
adult Caenorhabditis elegans collagenous cuticle pro- 
teins (adult CCP, lane 2) compared to the same pro- 
teins detected using immunoblotting (lane 3). Major 
bands are labeled A-H; proteins were separated on 
7.5% SDS-polyacrylamide gels. Lane 1 shows [14C]- 
labelled molecular weight markers with Mr of 212,000, 
93,000, 66,000 43,000, and 29,000. 

wash buffer plus detergents, the filter was 
exposed to XAR-5 film at - 7 0  C for 2 
hours to 1 week; sometimes intensifying 
screens were used. 

RESULTS 
Initial antibody characterization used an 

immunoblotting procedure optimized for 
use with adult CCP and antibodies directed 
against them. Figure 1 compares the elec- 
trophoretic pattern of  [35S]-labelled CCP 
present in the immunogen with immuno- 
blotting of  a similar unlabelled protein 
mixture. The  antiserum contained anti- 
bodies that bound to all the adult CCP de- 
tectable in the immunogen. Titer  of  the 
antiserum was estimated by dilution; bind- 
ing to the CCP was detectable above back- 
ground up to a dilution of  1:50,000. The  
assay was sensitive, the limit of  detection 
being estimated as 2.5 pmoles of  total CCP, 
based on the molar specific radioactivity of  
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Fro. 2. Autoradiogram of immunoblot showing antibody binding to proteins isolated from molting Cae- 
norhabditis elegans. SS (lanes I-3), SSP (lanes 4-7), SDS (lanes 8-11), and BME (lanes 12-15) fractions were 
isolated from synchronously growing populations of BA1 nematodes at the onset (lanes 1, 4, 8, 12), peak 
(lanes 2, 5, 9, 13), and conclusion (lanes 3, 6, 10, 14) of the lethargus marking the L4 to adult molt, and from 
young adults (lanes 7, 11, 15, no SS shown). Proteins were separated on a 10% SDS-polyacrylamide gel and 
immunoblotted. Arrow points to the small proteins with electrophoretic mobilities similar to the translation 
products of RNA isolated at the L4 to adult molt. The immunoblot was exposed to film for 44 hours. Major 
CCP of M, 54,000 (A), 70,000 (B), 91,000 (C), 106,000 (D). 

the [125I]protein A used as the detecting 
ligand. 

Figure 2 shows an autoradiogram of  an 
immunoblot in which each nematode frac- 
tion was tested for antibody binding after 
SDS-gel electrophoresis separation. The  
BME fractions (lanes 12-15) contained 20% 
of the protein (10 t~g) present in the other 
fractions (50 ~g). Antibody binding to the 
CCP present in each BME fraction was ev- 
ident (LO, lane 12; LP, lane 13; LL, lane 
14; YA, lane 15). The  pattern observed in 
the fractions isolated early in the molt (lanes 
12, 13) was similar to the pattern obtained 
f rom [ssS]-labelled L4 CCP (data not  
shown), whereas the BME fractions iso- 
lated at the conclusion of  the molt or from 
young adults (lane 14 or 15) more closely 
resembled the pattern of  adult CCP (Figs. 
1, 2). Such patterns would be expected be- 
cause the L4 cuticle is shed at the end of  
the lethargus. The  major adult CCP are 
labelled A - D  on the right (Fig. 2). 

Antibody binding to proteins smaller 
than the CCP was also observed. Most im- 
portant, antibody-binding species with ap- 
parent Mr between 38,000 and 52,000 were 
detected in every fraction (Fig. 2, arrow). 
The  pa t t e rn  o f  these ant igenic  bands 
changed so that the most prominent  bands 
seen in early molt samples were between 
38,000 and 52,000, whereas those appear- 
ing later were predominantly of  Mr from 
38,000 to 44,000, except that the 52,000 
Mr band remained. This was most easily 
seen in the SSP fraction (lanes 4-7). 

Bands containing antibody-binding pro- 
teins of  lower Mr than those just  described 
were also observed. These were most easily 
visualized as the three smallest bands (Mr 
between 31,000 and 35,000) that bind an- 
tibody in the LL and YA BME fractions 
(Fig. 2, lanes 14, 15). Other  experiments 
have shown that the amount of  these pro- 
teins in the cuticle increases as the adults 
age; therefore, these proteins appear to be 
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FI6. 3. Autoradiogram of immunoblot showing 
proteins in LP SSP fraction of Caenorhabditis elegans 
with (+) and without (-) collagenase treatment sep- 
arated on a 10% SDS-polyacrylamide gel. Arrow points 
to collagenase-sensitive proteins (small CP) of similar 
mobility to collagenous polypeptides translated from 
RNA isolated at the L4 to adult molt. The immu- 
noblot was exposed to film for 48 hours. 

-I 

- -  + 

FIG. 4. Autoradiogram of immunoblot showing 
proteins in SSP fractions of Caenorhabditis elegans with 
(+) and without (-) collagenase treatment separated 
using isoelectric focusing. Electrophoresis was from 
top (pH 6) to bottom (pH 4). SSP fractions isolated 
at the onset (LO), peak (LP), and conclusion (LL) of 
the L4 to adult molt and also from young adults (YA) 
are shown. The immunoblot was exposed to film for 
48 hours with an intensifying screen. 

involved in cuticle maturation rather than 
formation (M. Kusch,J. Politz, N. Klimkow, 
and R. S. Edgar, unpubl.). 

Figure 3 shows an autoradiogram of an 
immunoblot displaying the LP SSP sepa- 
rated by SDS-gel electrophoresis, with and 
without collagenase digestion; an arrow 
points to the small antigenic CP. Collage- 
nase digested samples no longer contained 
the small antibody-binding proteins of in- 
terest (or the larger antibody-binding pro- 
teins), indicating that all of these proteins 
are collagenous in nature. 

SSP samples were also electrophoresed 
on an isoelectric focusing gel containing a 
pH gradient between 4 and 6 (Fig. &). The 
separated proteins were immunoblotted as 
for  SDS-polyacrylamide gels. F igure  4 
shows an autoradiogram of  antibody bind- 
ing to the proteins in the LO, LP, LL, and 
YA SSP fractions. As in the experiment of 
Figure 3, collagenous antibody-binding 

LO LP LL YA 

proteins were identified by collagenase 
digestion of some samples (+ lanes). An- 
tibody binding to collagenous proteins with 
isoelectric points (pI) between 4 and 5 was 
observed. Additionally, SSP samples iso- 
lated early during the molt (LO and LP) 
contained collagenous proteins of more 
acidic pI than did the SSP samples isolated 
later during the molt (LL and YA). It should 
be pointed out that some antibody-binding 
bands remained after collagenase digestion 
(Fig. 4, + lanes). At least some of  these 
bands probably represent antigenic pep- 
tide products of  collagenase digestion (S. 
Politz, unpubl.). These antigenic products 
are evident at the dye front after SDS-gel 
electrophoresis of  nematode extracts (e.g., 
at the bottom of  the collagenase-digested 
lane in Fig. 3). 

The  SSP isolated at LP was analyzed by 
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FIG. 5. Autoradiogram ofimmunoblot  of two-dimensional O'Farrell  gel showing antibody-binding proteins 
in LP SSP fraction of  Caenorhabditis elegans without (a) and with (b) collagenase treatment. Isoelectric focusing 
was from left (pH 6) to right (pH 4); SDS-polyacrylamide electrophoresis was from top to bottom in 10% 
polyacrylamide. Immunoblots were exposed to film for 26 hours with an intensifying screen. Arrow points 
to the small collagenase-sensitive proteins with electrophoretic mobilities similar to those of the translation 
products of RNA isolated at the L4 to adult molt. 

2D gel electrophoresis and immunoblot-  
ring. Again, collagenous proteins were 
identified by comparing samples with and 
without collagenase digestion. Five colla- 
genase-sensitive species in the size range of  
the small CP were detected among the pro- 
teins present  in the LP SSP (Fig. 5, arrow). 
T h e  small CP detected were quite acidic 
(pI 4-5), as were the collagenase-sensitive 
proteins seen in Figure 4. 

DISCUSSION 

Collagens in C. elegans appear to be the 
products  of  a large multi-gene family con- 
sisting of  40-150  distinct collagen genes 
(3,13). Most, if not  all, collagen gene 
expression appears to be for cuticle for- 
mation; the major structural components  
of  the cuticle are  collagenous, and low 
stringency in situ hybridization experi- 
ments have shown that  virtually all colla- 
gen m R N A  is localized within the hypo- 
dermis, the underlying tissue believed to 
be the site of  cuticle synthesis (8). T h e  rel- 
atively small size of  isolated collagen genes, 

collagen coding mRNAs,  and collagenous 
in vitro translation products,  together  with 
the CP described here, suggests that the 
large collagenous proteins isolated from the 
cuticle are biosynthesized from smaller pri- 
mary gene products. 

Using antibodies made to the adult CCP, 
small collagenous polypeptides were de- 
tected in C. elegans during the L4 to adult  
molt. These small CP are smaller than the 
large CCP isolated directly f rom adult cu- 
ticles (5) and are also smaller than char- 
ac ter ized ve r t eb ra t e  col lagen chains  
(150,000 Mr as newly translated chains) 
(1,2,17,18), with the exception of a small 
chain  found  in c h o n d r o c y t e  cu l tures  
(12,23). 

The  rabbit antiserum used in these ex- 
periments was directed against a hetero- 
geneous immunogen.  It was thus possible 
that the small antibody-binding bands ob- 
served in our  experiments represented 
noncollagenous contaminants present  in 
both immunogen  and antigen mixtures. 
Therefore ,  collagenase sensitivity, rather  



Small Collagenous Proteins in C. elegans: Politz et al. 309 

than antibody binding per se, indepen- 
dently verified the collagenous nature of  
the small CP in SSP fractions. 

Several observed properties of  the small 
CP are consistent with their proposed role 
as cuticle collagen precursors. First, they 
are present at the molt, a time when cuticle 
synthesis is maximal (4). Second, the small 
CP are similar in molecular size and pI to 
the collagenase-sensitive polypeptides that 
are translated in vitro from RNA isolated 
at the L4 to adult molt (21). Both groups 
of proteins are small, and in both cases the 
major species detected early during the L4 
to adult molt are larger and somewhat more 
acidic than those detected later in the molt. 
This finding is significant because such 
small collagenous proteins are the only de- 
tec table  col lagenase-sensi t ive p roduc t s  
translated from RNA isolated at this molt, 
with one exception (21). Third,  small an- 
tibody-binding CP are collagenase-sensi- 
tive (Fig. 3), as a putative precursor role 
would predict. Finally, the small CP are 
detected in several other  protein fractions 
besides the one containing the cuticle pro- 
teins. This occurrence would be  expected 
of  the biosynthetic precursors of  the CCP 
because the hypodermal tissue, which ap- 
pears to be the site of  cuticle synthesis 
(8,24), is solubilized before BME extrac- 
tion of  cuticle proteins (5). 

Al though the exper iments  descr ibed 
here detected small CP that may be bio- 
synthetic precursors to the large CCP, the 
limitations of  antibody detection methods 
do not permit comparison of  the number 
of small CP with the size of  the C. elegans 
collagen gene family (3) or the number  of  
collagenous products translated in vitro 
from isolated RNA (21). For example, cer- 
tain CP may not be detected because they 
are not antigen!c. Moreover,  direct exper- 
imental comparison of  the two-dimen- 
sional electrophoresis patterns obtained af- 
ter  immunob lo t t i ng  versus in vi tro 
translation has not been possible, so it is 
not known whether any of  the collagenous 
spots in these two experiments exhibit the 
same mobilities. 

Our  experiments are consistent with, but 
do not prove, the theory that small CP are 
the precursors to the large CCP isolated 
from cuticles. Although we cannot cur- 
rently rule out other  explanations, the ob- 
served properties of  the small CP described 

here make them presently the only likely 
candidates for biosynthetic precursors of  
the cuticle collagens. Because classical short 
pulse-labelling experiments are not feasi- 
ble at the molt in C. elegans (21), a direct 
association between a specific precursor and 
its product  will require an alternative 
method. Detection of  the small CP may 
allow the identification of  cuticle mutants 
that are missing or contain altered small 
CP. Such screening techniques are cur- 
rently being developed. 
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Steinernema feltiae (DD-136) and S. glaseri: 
Persistence in Soil and Bark Compost and Their 

Influence on Native Nematodes 
N. ISHIBASHI AND E. KONDO 2 

Abstract: Infective juveniles (J3) of  the entomogenous nematodes Steinernemafeltiae DD-136 (ca. 
10,000 J3 /100  ml) and S. glaseri (ca. 2,500 J3 /100  ml) were incubated in steam-sterilized and 
nonsterilized sandy soil and bark compost for 8 weeks at 25 C. The  nematodes were recovered by 
a two-step extraction procedure at 1-week intervals, and their infectivity to lepidopterous larvae 
(Spodoptera litura and Galleria mellonella) and their effect on the population and community of native 
nematodes in soil were determined. Survival of  inoculated nematodes and mortality of insects were 
enhanced in sterilized media. Nonsterilized bark compost proved to be equally as suitable a medium 
as sterilized compost. In nonsterilized soil, the survival curve of S.feltiae declined more rapidly than 
that orS. glaseri which was less infective to insects despite its greater persistence even in nonsterilized 
soil. Soon after the addition of  steinernematids to soil, the population of  native nematodes showed 
a fluctuation with an increase in rhabditids and a decrease in other kinds of  nematodes. 

Key words: entomogenous nematodes, inundative soil application, survival, infectivity, Steinernema 
glaseri, S. feltiae, Spodoptera litura, Galleria mellonella. 

Steinernematid nematodes, parasitic to 
many insect species, have been used with 
limited success to control foliage-feeding 
insects because the nematodes desiccate and 
die on the exposed leaf surface. In con- 

Received for publication 6 May 1985. 
t Partly supported by Scientific Research Grant No. 

59860005 from the Ministry of Education, Japan. 
Professor and Assistant Professor, Laboratory of Nema- 

tology and Entomology, Department of Horticultural Sci- 
ence, Saga University, Saga, Japan 840. 

We thank H. K. Kaya, University of California, Davis, and 
A. F. Bird of CSIRO, Adelaide, for reading the manuscript. 

trast, these nematodes show considerable 
promise as biological control agents of  cer- 
tain soil insects because soil is their natural 
habitat (1,2,4,5,7-9,13,16,18). When ap- 
plied to soil, however, these nematodes do 
not seem to become established. Experi- 
mentally, the best control of  soil insects by 
nematodes was obtained in sterilized media 
(14,16,17). We observed that infective 
stages (J3) of  steinernematids persisted 
longer in sterilized soil than in nonsterile 
soil. Accordingly, we compared survival 
and infectivity of  Steinernema feltiae and S. 
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