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The tobacco hornworm (Manduca sexta) is a model organism for human
immune systems and a potential source of novel antibiotics. To test the
hypothesis that hemolymph from infected Manduca sexta caterpillars
could inhibit gram-negative bacterial growth, fifth instar larvae were
infected with Pseudomonas fluorescens, Escherichia coli, and Serratia
marcescens. Twenty-four hours post infection, hemolymph was extracted
and pooled. A 15-hour growth assay was performed in a microplate
reader to test how the growth of E. coli responded to the presence of
uninfected and infected hemolymph. Phosphate-buffered saline and
ampicillin were used as the positive and negative controls respectively.
Infected hemolymph successfully inhibited E. coli growth compared to
uninfected hemolymph and positive controls (P<0.0001), showing that
Manduca sexta caterpillars produce antimicrobial peptides in response to
bacterial infection that may serve as valuable novel antibiotics.

Antibiotic Resistance is on the rise (Alam et al. 2019). This is can lead to
future epidemics if we are no longer able to treat bacterial infections. For
this reason it is critical to find novel antibiotics to treat bacteria resistant
to antibiotics. Insects produce antimicrobial peptides (AMPs) in response
to infection. These AMPs have potential to be used as an antibiotic
(Kavanaugh and Reeves 2007). Other insects including Parasemia
plantaginis and Galleria mellonella have been found to have a better
immune system after an infection with a non-pathogenic bacteria (Cooper
and Eleftherianos 2017). Many insects can be used as a model organism
for immune reactions (Cooper and Eleftherianos 2017), including
Manduca sexta (Figure 1A) (Browne et al. 2013). We hypothesized that
hemolymph from infected Manduca sexta would inhibit growth of
Escherichia coli.

Rearing:
• Eggs and food purchased from Carolina Biological Supply
• Transferred and raised in Solo cup chambers until the fifth instar

(Figure 1B)
Infection:
• randomly selected 13 for infection and 12 for no infection
• Chilled in a refrigerator for 45 minutes
• Dipped in ethanol up to the second proleg
• Infected were infected between the second and third proleg on the left

with Serratia marcescens, E. coli, and Pseudomonas fluorescens and
were put in individual containers for 24 hours

• Uninfected were placed into individual containers for 24 hours
Hemolymph Extraction:
• Chilled in the refrigerator for 45 minutes
• Dipped in ethanol to the second proleg
• Second proleg on the left was cut and hemolymph was collected in a

test tube (Figure 2).
Microplate Assay:
• 96-well plate (Figure 3) was filled with 100 µL Escherichia coli and 50 µL

positive control (PBS), 50 µL negative control (ampicillin), 50 µL
experimental variable (infected hemolymph), or 50 µL control variable
(uninfected hemolymph) and a growth assay was run for 15 hours

Infected hemolymph significantly inhibited E. coli growth when compared 
to the positive control and uninfected hemolymph (P<0.0001). (Figure 4 
and 5). Uninfected hemolymph was found to significantly inhibit 
Escherichia coli growth when compared to positive control (P<0.0001).

Figure 4. Optical density growth of E. coli over 15 hours in the microplate
reader. Positive control, Phospho-buffered saline (PBS), negative control,
ampicillin (ABX), experimental variable, infected hemolymph (INF), control
variable, uninfected hemolymph (UNINF)

Figure 5. Final optical density of each variable after 15 hours in the
microplate reader. Positive control, phospho-buffered saline (PBS),
negative control, ampicillin (ABX), experimental variable, infected
hemolymph (INF), control variable, Uninfected hemolymph (UNF)

Our finding that infected hemolymph inhibited growth of E. coli supported
previous research done by Eleftherianos et al. (2006), who found that when M.
sexta was infected with Escherichia coli its hemolymph was later able to inhibit
growth of Photorhabdus luminescens. However, Xiang-Jun and Xiao-Qiang
(2010) found that M. sexta injected with saline, showed no inhibition of E. coli.
This finding was different from our research that demonstrated that uninfected
hemolymph could inhibit growth of E. coli. We did observe that some M. sexta
got sick and died, and it is possible that some of those caterpillars could spread
an illness to other M. sexta. This infection could have immune primed
caterpillars without us realizing it, causing our uninfected hemolymph to inhibit
bacterial growth. Trauer and Hilkner (2013) found that Manduca sexta can be
immune primed and the effects can last for another generation, which is a
possible area of future research.
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Figure 1. A) Manduca sexta during the fifth instar. B) Transferring eggs into 
rearing chambers.

Figure 2. Hemolymph collected from Manduca sexta 24 hours post infection.

Figure 3. Microplate before going into microplate reader. Column A contained 
positive control phospho-buffered saline. Column B contained negative control 
ampicillian. Column C contained experimental variable infected hemolymph. 
Column D contained experimental control uninfected hemolymph. 
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