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Formation of FADD amyloid fiber and its role in immune
signaling in Drosophila melanogaster
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Abstract:  In this research, we studied the formation of Drosophila melanogaster FADD (Fas-associated death
domain-containing protein) amyloid fiber and its influence on signal transduction in IMD (Immune deficiency) signaling
pathway to better understand the regulation mechanism of Drosophila innate immune signaling pathway, which will provide
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reference for the immune regulation in other species. First, we purified dFADD protein expressed in Escherichia coli and
performed Sulfur flavin T binding and transmission electron microscopy to identify the dFADD amyloid fibers formed in vitro.
Then we investigated the formation of dFADD polymers in S2 cells using SDD-AGE and confocal microscope. We also
constructed dFADD mutants to find out which domain is essential to fiber formation and its effect on IMD signal transduction.
Our results revealed that dFADD could be polymerized to form amyloid fiber polymers in vitro and inside the cells. Formation
of fibers relies on DED (Death-effector domain) domain of dFADD, since DED domain-deleted mutant existed as a monomer.
Dual luciferase reporter assay showed that intact DED domain was required for the induction of downstream antimicrobial
peptides, indicating that fiber formation was the key to IMD signal transduction. Our study revealed the role of dFADD in
mediating the cascade between IMD and Dredd in the IMD signaling pathway by forming amyloid fibers, suggesting an

evolutionarily conserved regulatory mechanism of innate immune signaling pathway.
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Trans-T1 W AP Ak 22 8z A8 A 1 At 4
KEEVEARAGIRA A 82k h &8 A
Qiagen; R4S & H TakaRa; pCold-Sumo
AW [ Hai gene; ThT X714 Santa Cruz;
Dual-Glo Azt 2 i #6305 1 5 Promega.

1.2 RAHE

JER Ik Bk pCold-Sumo-dFADD M B 3
K JFkE pMT/V5-HisA-HA-dFADD . pMT/V5-HisA-
HA-dFADD-mCherry (£S48 NCBI 452 2]

x1 KHARFTASY

Table 1 Primers used in this study
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We S~ 500 pmol/L), 24 h 5 4 40 il H F
SDD-AGE Kl sk il & A Fr o LA &35 e 35 fifi
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A TH 35 R B 5 22, S 500 pl 3% %
RHE (PFA) [EEANM 20 min, PBS #2484 st
— K, % 500 pl 0.3% Triton-X100, & 20 min,
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UNJ 500 uL DAPI o i, #+8& 5min, PBS ik
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JORAF- . dFADD g AR 4313 AR EL S A A0 M A5 1Y
Gt HAT 3 ML ER A EE FEYLEI 5 S
¥, 1% (200£5) ~4Hf.

Primer name Primer sequence (5'-3")
F: CGGGGTACCATGACTGCAGGCAGG
dFADD R: CCGGAATTCCTAGTGCGACATTAT
T - F: CGGGGTACCATGTACCCATACGATGTTCCAGATTACGCTACTGCAGGCAGG

R: CCGGAATTCCTAGTGCGACATTAT
dFADD-F: CGGGGTACCATGTACCCATACGATGTTCCAGATTACGCTACTGCAGGCAGG
Linker-R: AGAGCCTCCACCCCCGTGCGACATTAT

HA-dFADD-mCherry

Linker-mCherry-F: GGGGGTGGAGGCTCTATGGTGAGCAAGGGCGAG

mCherry-R: CCGGAATTCTCACTTGTACAGCTCGTCCATGCCG
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Fig. 1 Prokaryotic and eukaryotic expression vector
maps of dFADD. Black line: restriction enzyme cutting
site; black box: dFADD ORF; dark grey box: sequence
encoding His-Sumo; white box: sequence encoding HA tag;
light grey box: sequence encoding mCherry.
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Fig. 2 Prokaryotic expression and purification, ThT binding and transmission electron microscopy of dFADD. (A) Imidazole
concentration gradient elution of dFADD. 1: supernatant; 2: sedimentation; 3: flow through; 4: 0 mmol/L; 5: 10 mmol/L; 6:
20 mmol/L; 7: 50 mmol/L; 8: 100 mmol/L; 9: 200 mmol/L; 10: 300 mmol/L; 11: 500 mmol/L; 12: 800 mmol/L; 13: 1 mol/L;
M: protein pre-stained marker (kDa); black arrowhead: His-Sumo-dFADD. (B) The imidazole concentration gradient elution
of dFADD after digested by Sumo enzyme. 1: uncut; 2: after digestion; 3: flow through; 4: 0 mmol/L; 5: 10 mmol/L; 6:

20 mmol/L; 7: 50 mmol/L; 8: 100 mmol/L; 9: 200 mmol/L; 10: 500 mmol/L; M: protein pre-stained marker (kDa); black
arrowhead: His-Sumo-dFADD; brown arrowhead: dFADD; blue arrowhead: Sumo enzyme; gray arrowhead: His-Sumo. (C)
ThT binding assay of dFADD. (D) Transmission electron microscopy of dFADD. White arrowhead: amorphous aggregation of
dFADD; Yellow arrowhead: amyloid fiber aggregates of dFADD.
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Fig. 3 Fluorescence observation, ThT staining and SDD-AGE detection of dFADD. (A) Puncta-like distribution of
dFADD-mCherry. (B) Diffuse distribution of dFADD-mCherry. (C) Diffuse distribution of mCherry. (D) Puncta-like
distribution of dFADD-mCherry specifically binds to ThT. (E) Diffuse distribution of dFADD-mCherry does not
specifically bind to ThT. (F) SDD-AGE detection of HA-dFADD.
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Fig. 4 Eukaryotic expression vector construction, SDD-AGE detection and fluorescence observation of
domain-deleted mutants of dFADD. (A) Schematic diagram of dFADD-WT and its domain-deleted mutants. (B)
SDS-PAGE detection of dFADD-WT and its mutants. M: protein pre-stained marker (kDa). (C) SDD-AGE detection of
dFADD-WT and its mutants. (D) Fluorescence observation of dFADD’s mutants. (E) Fluorescence observation of
dFADD’s mutants after ThT staining. (F) The ratio of puncta-like vs. diffuse distribution of dFADD and its mutants in
the absence or presence of PGN.
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Fig. 5 Effect of dFADD-WT and its mutants on the expression of antimicrobial peptides. (A) Effect of dFADD-WT
and its mutants on the expression of the antibacterial peptide Attacin. (B) Effect of dFADD-WT and its mutants on the
expression of the antibacterial peptide Diptericin. PGN: DAP-type PGN (10 pg/mL). a—f: differences are assigned by

letters, overlapping letters mean no significance.
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