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SUMMARY: As generalist herbivores, many pest slugs, native and exotic, have detrimental 
impacts on almost all crops including nursery plants, and field and row crops in western Oregon 
and Washington. The gray garden slug (Deroceras reticulatum) is the most destructive pest for a 
variety of greenhouse and nursery crops. The combined value in 2019 of two of the most 
important vulnerable commodities i.e. greenhouse and nursery ($955 million) and Christmas 
trees ($104 million) according to USDA and ODA is $1 billion.  

Management of slugs under biological controls is one of top research priorities from nursery 
growers. Development of bioactive peptides for pest slugs proposed in this project is a great 
potential to approach molecular and biological tools. The impact of developing a biologically-
based slug control, which is a chemical pesticide alternative, would be significant for thousands of 
growers and stakeholders in the nursery industry. Our long-term goal – development of a 
biologically-based control for slugs will add a new environmentally-friendly slug management to 
the integrated pest management (IPM) tool box, contribute to the reduction of slug populations, 
and concomitantly reduce environmental impacts and losses in agriculture. 

OBJECTIVES: Neuropeptides and G-protein coupled receptors (GPCRs) are involved in many key 
biological processes. The slug neuropeptides and their receptors provide great potential for 
developing new control approaches, including RNAi, receptor interference (Receptor-i), and 
bioactive peptides. Therefore, slug neuropeptides and their GPCRs are great potential for new 
molluscicides. Recently, we identified many small peptides translated from slug genes, and 
some peptides were actively bound to two slug receptors expressed in insect Sf9 cells. Specific 
objectives for this project are 1) screening of bioactive peptides using in vitro system and 2) 
screening of bioactive peptides using in vivo assays: 

Objective 1. Functional expression of the receptor gene in insect cells (0.5 yr) 

Objective 2. Screening of bioactive proteins using in vitro system (0.5 yr) 

Objective 3. Screening of bioactive proteins using in vivo assays (1 yr) 

 
PROCEDURES:  
Functional expression of the receptor gene in insect cells: Two slug GPCRs, DretNmU-Ra and 
DretNmU-Rb, were functionally expressed in insect sf9 cell lines as described in our previous 
publications. 



 
 

Screening of bioactive peptides using in vitro system: All peptides were commercially synthesized 
and used for binding affinity. The in vitro screening results provided to select bioactive peptide 
candidates. 
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE 
• Two slug GPCRs were successfully expressed in the insect cell lines. 
• Identified three bioactive peptides from 20 peptides from slug, insects, and mammal.  
 
Results and Discussion 
Functional expression of the receptor gene in insect cells 
The three most active peptides (QPPLPRYa, QPPVPRYa, and AVPRPRIa) were serially diluted and 
evaluated for dosage dependent binding to DretNmU-Ra and DretNmU-Rb (Fig. 3). They are all 
heptapeptides and share the -PRXamide. DretNmU-Rb was more active to the peptide ligands than 
DretNmU-Ra. The maximum binding activity of receptor variant B was twice that of receptor variant A 
for the peptide ligands tested, although the EC50 values of the receptor variant A is lower than those of 
the variant B. 

Screening of bioactive peptides using in vitro system:  
Peptides derived from various sources including insects were screened using an in vitro system, 
which is an insect cell-based screening. Two-slug receptor variants, Ra or Rb were identified 
from the same slug species and functionally expressed in the insect Sf9 cells. Various bioactive 
peptides from slug (ten peptides), insect (eight peptides), and mammals (two peptides) were 
tested against the two slug receptors stably expressed in Sf9 cells (Fig. 2). To determine the 

Figure 1. Normalized concentration-responses and EC50 values (nM) of the two NmU receptor 
variants, DretNmU-Ra (A) and DretNmU-Rb (B), from the slug to the three active peptides that 
elicited high responses in the screening experiment. Data represent the mean +/- SEM response of 
cells from four or five independent experiments. 



 
 

binding strength of the peptides to the receptors, fluorescence intensity induced by the calcium 
influx into the cell was measured. At the initial screening using a high concentration of each 
peptide (500 nM concentration), two slug bioactive peptides, QPPLPRY and QPPVPRY, evoked 
distinct binding to both receptors, as did AVPRPRI. However, the other PRX peptides from the 
slug failed to trigger a significant response to either receptor. The insect PRX peptides and the 
mammalian NmU and FMRF peptides tested in this study failed to show any significant binding 
activities compared to the control (Fig. 2). Between the two receptor variants, variant Rb was 
always more responsive to the peptide ligands than variant A. The empty Sf9 control cells had no 
activity. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Continue screening of the modified bioactive peptides: To identify the core amino acids in the 
natural peptide ligands, the most active peptide (QPPLPRY) will be modified by replacing 
different amino acids or by removing one amino acid from the N-terminus.  
 

Figure 2. Bioactive peptide ligands were screened by measurement of their 
binding activities to bind to two slug receptor variants, DretNmU-Ra and 
DretNmU-Rb, identified from the gray garden slug (Deroceras reticulatum). 
Wild type Sf9 cells were also tested as a negative control. The mean response 
from four wells receiving the same treatment in the same plate was regarded 
as one replicate, and three to four replicates from independent assays on 
different cell plates were analyzed (mean + SEM). Species abbreviations: Dm, 
Drosophila melanogaster (fruit fly); Hz, Helicoverpa zea (corn earworm); Hh, 
Halyomorpha halys (marmorated stinkbug), and NmU (porcine peptide).   



 
 

ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: Dr. Choi received additional funds 
from the Oregon Association of Nursery and Oregon Seed Council for slug research. 
  
FUTURE FUNDING POSSIBILITIES: We will continue to apply for the slug research proposal to 
Oregon Nursery and Seed Council grants, and currently the project collaborates with scientists 
in OSU.  


