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ABSTRACT  The ability of metazoans to combat pathogenic infection involves both systemic and 
local responses to the invading pathogens. Ubiquitin and SUMO pathways molecularly regulate the 
response to infection, immune signaling and gene expression. Here, we report that Degringolade 
(Dgrn, CG10981), a SUMO-targeted ubiquitin ligase connecting the two pathways, is essential for 
the innate immunity response in Drosophila. dgrnDK null and heterozygous mutant adult flies are 
severely immune-compromised and succumb rapidly to both pathogenic bacteria and fungi infections.  
The sensitivity to infection stems from the inability to produce multiple anti-microbial peptides, 
and transcriptional analyses suggest that the overexpression of Dgrn enhances the transcriptional 
output of the NF- B related Toll and immune deficiency (IMD)-pathways. Moreover, expression of 
Dgrn alleviated the inhibitory impact of the cytoplasmic NF- B inhibitor Cactus and the nuclear co-
repressor Groucho/TLE (Gro). Additionally, we found that Dgrn is required for the local regenerative 
response of the mid-gut following infection. Upon oral infection, dgrn mutant flies fail to activate 
the Delta-Notch pathway in stem cells and enteroblasts, and are unable to regenerate and replace 
the damaged and dying enterocytes. Interestingly, the ubiquitin-specific protease CG8334 (dUSP32/
dUSP11) antagonizes Dgrn activity in the gut, and halving the dose of CG8334 restores Delta-Notch 
signaling and rescues the lethality observed in dgrn mutants. Collectively, our data suggest that 
Dgrn is essential for both systemic and local tissue response to infection. 
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dgrnDK null adults are immuno-compromised and 
hyper-sensitive to infection
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dgrnDK null mutants 

Fig. 1. dgrnDK mutant flies are immune-compromised and sensitive to infection by diverse pathogenic microorganisms. (A-C) Survival analysis 
of adult flies upon infection with the indicated fungus, bacteria or challenges by Dextran Sulfate Sodium (DSS) was performed as described under 
Materials and Methods. (A, A’). Infection with Beauveria bassiana fungal spores, myd88c03881 serves as a positive reference. (B, B’) Oral infection with 
the Gram(-) bacteria Serratia maracescans (Sm, Db11). (C, C’) Exposure to 5% DSS in A’-C’ LT50 is determined as the time in days when 50% of the 
infected flies succumbed to infection. For pathogenic challenges n=20 for each genotype, and n=50 in DSS exposure in each individual experiment. 
Three independent biological repeats were performed in each set of experiments.
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Fig. 2. dgrn is required for the expression of 
Toll- and immune deficiency (IMD)-dependent 
anti-microbial peptides (AMPs) upon infection. 
Real-time qPCR analyses of mRNA levels of the indi-
cated AMPs. Adult flies with the indicated genotypes 
were infected with B. bassiana spores (A-C), pricked 
with PBS (control), or either with Gram(+) bacteria M. 
luteus, (D-F), or the Gram(-) bacteria E. coli. (G-L) AMP 
tested: drosomycin (A, D), IM-1 (B), metchnikowin (C, 
F), defencin (E), attacinA (G), attacinB (H), attacinC (I), 
attacinD (J), diptericin (K), drosocin (L). myd88 c03881 
is a mutant within the Toll pathway (A-F). keyc02831 
is a mutant of the obligatory kinase kenny within the 
IMD pathway (G-L). n=10 for each genotype, and 
three biological repeats for each set of experiments 
were performed.
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Dgrn enhances the Toll- or IMD-dependent activation of a 
canonical NF B reporter. (B) TollΔLRR-dependent activation 
of the Toll-specific Dorsomycin (Drs)-Luciferase reporter is 
suppressed by co-expressing Cactus. Co-expression of Dgrn, 
but not Dgrn RING mutant (DgrnHC/AA), alleviates Cactus 
inhibition. (C) Activation of the Dorsomycin (Drs)-Luciferase 
is suppressed by co-expressing Gro. Co-expression of Dgrn, 
but not DgrnHC/AA, alleviates Gro-dependent repression. (D) 
Dgrn enhancing  Toll-mediated activation is reduced in S2 
cells where Dif is targeted by RNAi. (E) Western blot analysis 
of the protein levels of Dif and Dgrn in RNAi treated cells 
used in (D). GFP-i serves as a non-specific RNA-i control. 
Actin serves as a loading control. In all experiments, three 
independent biological repeats were performed.

Fig. 3. Dgrn enhances 
Toll- and IMD-depen-
dent transcriptional ac-
tivation in S2 Drosoph-
ila cells. (A-D)Relative 
NF B-luciferase reporter 
activity in S2 cells trans-
fected with the indicated 
plasmids and luciferase 
reporters as described un-
der Materials and Meth-
ods. (A) Expression of 
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Fig. 4. Dgrn is required for local gut response to oral infection with S. marcescens. (A-D’’’) Representa-
tive confocal images of Drosophila adult mid-gut of the indicated genotypes wild-type (A-B’’’) and dgrnDK 
(C-D’’’). (A-A’’’, C-C’’’) are guts derived from sucrose-fed adult flies. (B-B’’’, D-D) are guts derived from flies orally 
infected with Sm(Db11). Forty-eight hours after infection, guts were analyzed for the expression of the Notch 
ligand and ISC marker, Delta (Red, A-D) and Notch reporter activity (Green, Gbe-Su(H)>lacZ; A’-D’). Mitosis 
was determined by phospho-Histone-3 (Green, Phsopho-H3; A’’-D’’) and -Prospero antibody (Red) marks 
entero-endocrine cells (A’’’-D’’’). DAPI (Blue) marks DNA. (E) Quantification of mitotic cells (p-H3 positive) 
in wild-type and dgrnDK guts following oral infection with Sm or sucrose control. Each dot represents the 
number of phsopho-Histone-3 positive cells in whole gut. In all experiments at least 7 individual guts were 
examined for each genotype, and three biological independent repeats were performed. (F) Quantification 
of entero-endocrine cells (Prospero(+)) in wild-type and dgrnDK guts following oral infection with Sm(Db11) 
or sucrose control. Individual guts are represented as a single dot on the graph. The number of positive 
cells per gut section was normalized to total number of cells observed in the same section.
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Fig. 5. The iso-peptidase CG8334 antago-
nizes dgrn. (A, A’) Survival of adult flies with 
the indicated genotypes upon infection with 
Sm (Db11). (A) Halving the dose of CG8334 
(+ dgrnDK/CG8334P +) rescues the lethality 
observed in DgrnDK/+ heterozygous mu-
tants. (A’) LT50 is determined as the time in 
days when 50% of infected flies succumbed 
to infection. For pathogenic challenges n=20 
for each genotype, and three independent 
biological repeats were performed in each 
set of experiments. (B-D’’’). Representative 
confocal images of Drosophila adult mid-gut 
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A

E of the indicated genotypes and -Delta antibody (RED) and DAPI (Blue) to 
visualized nuclei. Wild-type (B-B’’’); dgrnDK/+ (C-C’’’); and + dgrnDK/CG8334P 
+ (D-D’”). (B-D) Oral challenge with sucrose, (B’-D’) Oral challenge with 
Sm. B”-D” and B’”-D’” are the merged images of (B-D) and (B’-D’), re-
spectively, together with staining by DAPI (Blue) to visualized nuclei. In all 
experiments at least 7 individual guts were examined for each genotype, 
and three biological independent repeats were performed. (E) Quantifica-
tion of % Delta positive cells 48 h following oral infection with Sm(Db11) 
(gray bar) or sucrose (control, black bar). n=250 P<0.01.
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