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Nematodes are microscopic roundworms that live in soil, 
oceans, and lakes (Fig. 1). Scientists estimate that there 
could be a million species of nematodes and that many 
of them are parasites. Sometimes farmers use parasitic 
nematodes as a natural enemy to kill some pests. This is 
one type of biological pest control.

We studied a particular parasitic nematode called 
Steinernema scapterisci. It infects insects and has been 

used as biological pest control in the United States.

Some parasites are generalists and can infect a wide variety 
of hosts while others are specialists and only infect certain 
hosts. We wanted to determine if S. scapterisci really is 
a specialist parasite and why it is a picky eater (showing 
a preference for one insect over another). To do this we 
studied how these nematodes behave when given different 
insects as food.

Introduction

abstract

Many parasitic nematodes, including nematodes which infect 
humans and insects, have a life cycle that includes several 
different stages of development. The stage in which they 
infect a host is the infective juvenile (IJ) stage. When IJs are 
in the soil they are "on standby" – they do not eat or develop 
further until they find hosts to infect (their food). When they 
find a host, IJs crawl inside, eat the host tissues, and resume 
development. It is a big transition from “standby” to actively 
growing in a host. We hypothesize that important changes 
take place that allow the IJ to initiate parasitism, and we call 
this process activation.

One particular insect-parasitic nematode, Steinernema 
scapterisci, is thought to be a cricket specialist. We want to 
confirm this and to understand why it is so picky about its 
food.

We asked two primary questions: 

1) How can we tell that parasitic nematodes have 

activated when they infect a host? 

2) Is the nematode parasite S. scapterisci a cricket 
specialist? If yes, why?

Figure 1:
Nematodes under the microscope.
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In order to determine what happens when a parasitic 
nematode activates, we needed to observe them after they 
have entered an insect host. This is somewhat tricky, so 
instead we exposed them to ground-up insect tissue in a petri 
dish. We took some Galleria mellonella (waxworm) larvae 
and ground them up in a blender to create homogenate (a 
waxworm shake) (Fig. 2).

Using a microscope we looked at the IJ's morphology (i.e., 
body shape) to determine what happened during activation. 
In addition to looking for morphological changes, we also 
looked for molecular changes that may have taken place. 
To do this, we put activated and non-activated IJs into a 
solution to collect any proteins they might be secreting or 
spitting out as part of the activation process. We then

Table 1:
The system we developed

to determine the nematode’s 
stage of activation.

IJ’s mouth, throat and gut open

wider throat but mouth and gut not open

closed/ not visible throat

fully activated

partially activated

not activated

Results
We discovered that when the IJs were exposed to insect 
homogenate they physically changed (Fig. 3). Their mouth 
opened, their intestine opened, and their throat also 
expanded and began pumping. We came up with a system 

to determine which nematodes were fully activated, which 
were partially activated, and which were not activated at all 
(Table 1).

Figure 3:
Nematodes in different stages

of activation.

used very fine membranes to filter the collected fluid and 
concentrate any proteins they might have released. Then we 
performed gel electrophoresis to separate and distinguish 
these proteins from one another.

To test whether or not S. scapterisci is a specialist, we 
exposed IJs to homogenate from three different insects: 
house crickets, mole crickets (which are agricultural pests), 
and waxworms. We then examined them under a microscope 
and used morphological changes to quantify activation.

Figure 2:
Waxworm homogenate 

(shake).



3

march 2017
WHY ARE SOME PARASITES PICKY EATERS?

If you are interested in insect-parasitic nematodes, you 
can do some research right at home. These nematodes are 
available for use in home gardens and can be purchased 

online or at your local hardware store. They are often 
called "beneficial nematodes." You could try infecting insect 
pests in your own backyard.

Conclusion

Discussion

Exposing the IJs to insect homogenate led to the secretion 
of a variety of different proteins (Fig. 4). We found that non-
activated IJs released very little protein, while activated IJs 
released lots of different proteins. 

We found that IJs exposed to house cricket and mole cricket 
tissue were much more activated than those exposed to 
waxworm tissue (Fig. 5).
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We identified morphologic (physical) and molecular 
(chemical) changes during parasitic IJ activation. We used 
these observations to quantify parasite activation (Table 
1). These morphological and molecular changes may be 
useful in studying the activation of many different parasitic 
nematodes, including human-parasitic ones. 

There was some scientific disagreement about whether 
S. scapterisci is a generalist or a specialist parasite. By 
quantifying the activation of IJs exposed to different insect 
homogenates, we found that S. scapterisci IJs activate 
much better in cricket tissue than in waxworm tissue. This 
suggests that S. scapterisci prefer crickets to other insects 
as food. We now think that the reason why S. scapterisci are 

so picky about food is that the IJs activate and grow most 
successfully in crickets.

There are several experiments we plan to do in the future:

1. Test S. scapterisci activation when they are exposed to 
a wide variety of different insect homogenates. There are 
about 29 insect orders, and we have only tested two so far. 
Our hypothesis: S. scapterisci IJs will activate poorly when 
exposed to other non-cricket insect tissue.

2. Identify the proteins that activated IJs secreted and 
test them for activity inside potential insect hosts. Our 
hypothesis: these proteins will be toxic or that they will 
reduce the immune response of potential hosts.

Figure 5:
Photograph of electrophoresis gel stained by the proteins secreted by the nematodes. Each band on the gel 
represents a different sized protein. The leftmost lane is the ladder, with proteins of known size.
The middle lane is the sample with non-active IJ-s: no proteins. The right lane is the activated nematode
sample, with several bands and some smears of protein

Figure 4:
Graph showing what percentage

of the IJs were activated by each

of the three types of food.

Which is their favorite meal item?
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https://www.amazon.com/s/ref%3Dnb_sb_noss_1%3Furl%3Dsearch-alias%253Dlawngarden%26field-keywords%3Dbeneficial%2Bnematodes
http://www.homedepot.com/s/beneficial%252520nematodes%3FNCNI-5
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Glossary of Key Terms
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Check your understanding
Infective juveniles can’t develop any further until they find hosts. Why do you think that is?

Can we use waxworms to produce lots of S.scapterisci?

Is it better to use chemical or biological substances to fight pests?

A parasitic relationship is good for the parasite and bad for the host. What is the relationship between the 
insect-infecting nematodes and the bacteria they use to kill their host?

According to our data what is the best way to activate IJs?
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Parasite − an organism (i.e. flat worms, round worms and many others) that lives inside or attached to another organism, 
called the host. The relationship is always the same – good for the parasite, bad for the host. Example: lice, tapeworms, 
pinworm.
Nematodes − roundworms, many of them are parasites but not all. The parasitic nematodes have complicated life cycles that 
include several stages of development.

Infective juvenile (IJ) − a development stage of insect-infecting nematodes during which it can actively seek and infect 
hosts but until then cannot develop any further.

Activation (of IJs) − after IJs enter their hosts, they kill it and liquefy it so that they can eat and develop gradually to 
adults and reproduce, which comes with a lot of physiological changes.

Order − a taxonomic rank used to classify organisms. There are around 30 insect orders.

hosts − house cricket, which “sings”; mole cricket, which is bad for farmers; waxworms, which are the larvae of wax moths.

Gel electrophoresis − we put electricity through a gel with pores – smaller proteins move through easily while the bigger 
ones move slowly or don’t move at all. It is also used for separating other molecules like DNA.

Homogenate − whole insects which are ground up in a blender.


