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Fig. S1. The effect of deficiency in GABAergic transmission on pathogen avoidance,
pumping rate, intakes of food and green fluorescent beads and enteric muscle contraction
of C. elegans. A. Schematic of the slow killing assay upon a full lawn of P. aeruginosa PA14



exposure on nematode growth plate (NGM). B. Schematic, and time course of P. aeruginosa PA14
lawn occupancy of wild-type, unc-49(e407) worms on a small spot of PA14 in a 3.5-cm NGM plate
over time. Statistical significance was determined by using one way ANOVA with Bonferroni post-
test. The experiment was repeated at least three times independently. C. Pumping rate of wild-
type, unc-49(e407) animals. D. Representative images (left) and quantitative analysis (right) of
GFP beads accumulated in the intestines of wild-type and unc-49(e407) mutant examined by using
intake assay of OP50 or PA14 with green fluorescent beads. E. The percentage of enteric muscle
contracting per ten defecation cycle of wild-type, unc-49(e407) worms. F. The intensity of
PA14::GFP fluorescence in the intestine of wild type and unc-49(e407) mutant at different time
points after PA14 exposure. Statistical significance was determined by non-paired two-tailed
student’s t test (B and D), or non-paired Mann-Whitney test (C, E, and F). The number of animals
analysed is indicated. The experiments were repeated at least three times independently. Data are
presented as means + SEM. Scale bar indicates 100 um.
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Fig. S2. Loss of GABAergic transmission in D type motor neurons exhibited enhanced
resistance to pathogenic PA14 exposure. A. Survival of wild-type, unc-49(e407) worms exposed
to gram-positive S. aureus. B-D. Survival of wild-type, unc-49(e407), or transgenes each carrying
a single integrated copy (krSi2[Punc-49::unc-49B MosSCI]), or multiple integrated copies
(oxIs22[Punc-49::unc-49::GFPJ]) (B), or transgenes each overexpressing UNC-49B under the
control of ges-1 (intestine) (C), or myo-3 (muscle) (D) promoter in unc-49(e407) worms exposed to
P. aeruginosa PA14. E. Survival of wild-type, unc-25(e156), unc-47(n2409) and transgene
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expressing UNC-25 under the control of its endogenous promoter, or the unc-47 truncated
promoter (driving gene expressed in GABAergic non D-type motor neurons) in unc-25(e 156) worms
exposed to P. aeruginosa PA14, respectively. In the transgene unc-25(e156);aijEx43[Punc-
47 truncated--unc-25], the animals only lose function of UNC-25 in D-type motor neurons. F. Survival
of wild-type, unc-25(e156), and transgene expressing UNC-25 under the control of D-type motor
neuron promoter unc-30 in unc-25(e156) worms exposed to P. aeruginosa PA14, respectively.
Statistical significance was determined by log-rank test for survival assays. *p < 0.05, ***p < 0.001,
n.s., not significant. All the experiments were repeated at least three times independently. The
exact p values of statistics for all survival assay are listed in Table S1.
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Fig. S3. The effect of pathogenic infection on postsynaptic L-AChR/UNC-29, extracellular
matrix MADD-4B and MADD-4L isoforms at nerve cord of worms. A and B. Ten representative
images (A) and fluorescence intensity (B) of the L-AChR subunit UNC-29::RFP at the dorsal nerve
cord of wild-type worms fed on E. coli OP50 or exposed to P. aeruginosa PA14. C-F. Ten
representative images (C and E) and fluorescence intensity (D and F) of MADD-4B::GFP (C and
D) or MADD-4L::GFP (E and F) at the dorsal nerve cord of wild-type worms fed on E. coli OP50 or
exposed to P. aeruginosa PA14, respectively. Statistical significance was determined by non-
paired two-tailed student’s f test (B, D and F). The number of animals analysed is indicated. All the
experiments were repeated at least three times independently. Scale bar indicates 10 um.
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Fig. S4. The effect of live or heat-killed PA14 on the expression of GABAergic presynaptic
SNB-1 and postsynaptic GABAAR/UNC-49. A-D. Ten representative images (A and C) and
fluorescence intensity (B and D) of presynaptic GABAergic SNB-1::GFP (A and B) and
postsynaptic GABAAR/UNC-49::RFP (C and D) in wild-type animals upon live or heat-killed PA14
exposure, respectively. Statistical significance was determined by non-paired Mann-Whitney test
(B and D). The number of animals analysed is indicated. All the experiments were repeated at least
three times independently. Scale bar indicates 10 um.



A B

-o- Wild-type + Vector -@- Wild-type + Vector
A- unc-49(e407) + Vector *xx A- unc-49(e407) + Vector —
= Wild-type + pmk-1 RNAi ] Wild-type + sek-1 RNAI
% unc-49(e407) + sek-1 RNAi | xxx ]

¥ unc-49(e407) + pmk-1 RNAI

100 100 ¥k
g 80 1 g 80 1
S S
7 601 7 607
i< €
8 40 1 g 40 1
(0] (]
0 201 Q- 20+
0 0+—T——
0 24 48 72 96 120 0 24 48 72 96 120 144
Time (hours) Time (hours)
C D
-8 Wild-type + Vector -e- Wild type
-A- unc-49(e407) + Vector *k *- unc-30(e191) el
B Wild-type + daf-2 RNAI " Ins. -& daf-2(e1370) ***]ns
% unc-49(e407) + daf-2 ANAI + *** -¥- unc-30(e191);daf-2(€1370) 4 x4
100 -
- #‘ 5]
g o1 2 i E
2 A 5
7 601 " 2
€ A €
& 401 \\A ¥ 8
© M [}
o 201 a ~
a g
0 T T T 0T & -3 0 T T T T A g A T
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168 192
Time (hours) Time (hours)
QA
N > A
+ o &
E F N P
DAF-16a - GFP Q9

S
5
- % 2 1007 —
Cytoplasmic Nuclear ‘;g I
6 ® Cytoplasmic
g 5 80
©
%g 60 Nuclear
g8
£3 40
2
Eg 20
=i
<®e
e O
<
a

(/]
8‘@@&@@@\\6@&5\
Q

N

¢
S F .(\e’(b
AN

Fig. S5. GABAAR/UNC-49-mediated enhanced resistance to PA14 infection required IIS, but
not PMK-1 signaling. A-C. Survival of wild-type and unc-49(e407) animals on control or daf-2
RNAi (A), or pmk-1 RNAI (B), or sek-1 RNAI (C) exposed to P. aeruginosa PA14. D. Survival of
wild-type, unc-30(e191), daf-2(e1370), or unc-30(e191);daf-2(e1370) double mutant animals
exposed to P. aeruginosa PA14, respectively. E and F. The representative images of two



categories (E) and quantification analysis (F) of nuclear accumulation of DAF-16a—GFP in wild-
type, unc-49(e407), unc-30(e191), and ins-31(0k3543) mutant animals, respectively. Statistical
significance was determined by log-rank test for survival assays or Chi-square for (F). **p < 0.01,
***p < 0.001, n.s., not significant. Scale bar indicates 20 uM. All the experiments were repeated at
least three times independently. The exact p values of statistics for all survival assay are in Table
S1.
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Figure S6. Loss function of unc-49 upregulates DAF-16 activity marker SOD-3 and ROS
levels in the intestine of worms. A and B. Representative images (A) and quantification (B) of
transcriptional SOD-3::GFP reporter in the intestine of wild type and unc-49(e407) worms. C.
Quantitative analysis of ROS level in whole worm lysates of wild type and unc-49(e407). Statistical
significance was determined by non-paired two-tailed student’s t-test (B and C). D and E.
Representative images (D) and quantification (E) of DHE/ROS staining in wild type and unc-
49(e407), respectively. Statistical significance was determined by the Chi-square. Scale bar
indicates 100 uM. The number of animals analysed is indicated. All the experiments were repeated
at least three times independently.
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Fig. S7. Quantitative RT-PCR analyses of ins-20 (A) and ins-27 (B) mRNA level in wild type
or unc-49(e407) animals fed on OP50 or exposed to PA14, respectively, showing the loss-
function of GABAAR/UNC-49 does not affect their expression. Statistical significance was
determined by non-paired two-tailed student’s f test. n.s., not significant. The exact p values of
statistics for quantitative real time PCR are listed in Table S2.
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Fig. S8. Insulin/insulin-like peptide INS-31 acts downstream of GABAergic transmission
although it is highly expressed in seminal vesicle of male gonad and intestine. A. Schematic
diagram of ins-19 and ins-31 genes organization showing ins-19 and ins-31 loci, tm5155 deletion
allele of ins-19, 0k3543 deletion allele of ins-31, the Pins-31::ins-31 construction with ins-19
deletion region, and Pins-19::ins-19 construction with ins-37 deletion. B and C. Quantitative RT-
PCR analyses of ins-19 and ins-31 expression level in ins-19(tm5155) or in ins-31(0k3543) worms
showing the alleles, tm5155 and 0k3543, affect the expression of ins-19 and ins-31, respectively.
Statistical significance was determined by non-paired two-tailed student’s f test. ***p < 0. 001, n.s.,
not significant. D. Survival of wild-type, ins-19(tm5155) and ins-31(0k3542) mutants showing only
ins-31, but not ins-19 exhibited enhanced resistance to PA14 exposure. E and F. Schematic
diagram (E) and representative images (F) of GFP expressing trans-spliced by SL2 under the
control of ins-31 promoter (Pins-31::ins-31::SL2::GFP) showing ins-31 expresses in seminal vesicle
of male gonad (arrow) and in intestine (arrow head). Scale bar, 10 um. G. Survival of wild-type,
unc-49(e407) and transgenes carrying ins-19 (aijEx111[Pins-19::ins-19]) or ins-31 (aijEx110[Pins-
31::ins-31]) locus in unc-49(e407) worms exposed to PA14, respectively. Statistical significance
was determined by log-rank test for survival assays, or unpaired Student’s ¢ test for (C and D). *p
< 0.05, ***p < 0. 001, n.s., not significant. The exact p values of statistics for all survival assay and
quantitative real time PCR are listed in Table S1 and S2, respectively.
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Table S1. Statistics for survival assay.

TD mean + SEM

# Worms

Strain (Genotype) (hours) Scored/Total P value Figure
WT 7520+ 1.38 45/50 Fig. 1A
unc-49 (e382) 84.00 + 1.76 42/50 p=3.1%x10"vs WT

unc-49 (e407) 88.38 + 1.42 52/60 p =0.0002 vs WT

WT 80.93+1.43 43/50 Fig. 1B
unc-49 (e407) 102.30 +2.47 40/50 p=62x10" vs WT

gbb-1 (1m1406) 84.44+1.75 54/60 p=0.0663 vs WT

gbb-2 (1m1165) 77.57+1.39 56/60 p=0.1523 vs WT

WT (heat-killed PA14) 16.70 + 0.61 Days 30/50 Fig. 1C
unc-49(e407) (heat-killed PA14) 16.31 + 0.65 Days 32/50 p=0.7248

WT 71.52+1.48 50/50 Fig. 11
unc-49(e407) 87.07 = 1.98 43/50 p=4.1x10%vs WT

unc-49(e407);krSi2[Punc-49::unc-49] 74.79 £ 1.67 43/50 p=0.1425 vs WT, p = 2.2 X 10° vs unc-49(e407)

WT 84.00 + 1.56 36/50 Fig. 1J
unc-49(e407) 100.80 +2.15 45/50 p=2.0x 10" vs WT

unc-49(e407);aijSil [Pmuscle::unc-49] 85.89 +1.87 38/50 p=0.3275vs WT, p= 1.7 x 10°° vs unc-49(e407)
unc-49(e407),aijSi2[Pintestine: :unc-49] 102.32 +£2.31 38/50 p=15x10"vs WT, p =0.6996 vs unc-49(e407)

WT 76.31 +2.44 27/50 Fig. IL
unc-30(el91) 86.00 +2.89 43/50 p=22x10°vs WT

aijSil1[Punc-30-Tetx] 97.16 +2.59 31/50 p=2.6x10°vs WT

WT 82.04+1.74 49/60 Fig. IN
unc-25(el56) 67.47+2.11 45/60 p=9.4x10°vs WT

unc-25(el56);aijEx42[Punc-47 rruncatea: :unc-25] 97.28 +2.40 47/60 p=3.0x10°vs WT, p=2.8 x 10" vs unc-25(e156)
unc-25(el56);aijEx143[Punc-30::unc-25] 59.18 +1.87 44/60 p=17x10"" vs WT, p =0.0053 vs unc-25(156)

WT 79.06 +2.11 51/60 Fig. 3A
unc-49(e407) 93.96 +2.83 47/60 p=4.9x10° vs WT

daf-16(mu86) 79.92 +2.14 50/60 p=0.7879 vs WT

unc-49(e407),daf-16(mu86) 79.57 +£2.00 46/60 p=0.9814 vs WT, p = 4.9 x 10° vs unc-49(e407)

WT 92.84 +2.99 38/50 Fig. 3B
unc-49(e407) 114.58 +3.18 31/50 p=83x10°vs WT

daf-2(e1370) 147.09 +5.30 35/50 p=33x10"vs WT

unc-49(e407),daf-2(e1370) 138.67 + 6.20 27/50 p=15.2x10" vs WT, p=0.3238 vs daf-2(e1370)

WT 82.63 +2.46 35/50 Fig. 3C
unc-49(e407) 99.22 +2.52 41/50 p=4.1x10°vs WT

age-1(hx546) 127.20 £4.94 25/50 p=3.9x10""vs WT

unc-49(e407);age-1(hx546) 124.80 £4.10 30/50 p=2.0x 10" vs WT, p =0.6134 vs age-1(hx546)

WT 76.39 + 1.54 41/50 Fig. 4A
unc-49(e407) 84.33+1.97 36/50 p=0.0028 vs WT

pmk-1(km25) 51.92+1.22 49/50 p=19x10"vs WT

unc-49(e407);pmk-1(km25) 59.47 + 1.96 45/50 p=2.3x10"7 vs WT, p = 0.0009 vs pmk-1(km25)

WT 77.82 +2.36 33/50 Fig. 4B
unc-49(e407) 9433 +2.61 43/50 p=9.9x10°vs WT

nsy-1(ag-3) 48.92 +1.53 39/50 p=7.1x10"vs WT

unc-49(e407);nsy-1(ag3) 61.82+2.31 33/50 p=2.4x10°vs WT, p=2.4 x 10° vs nsy-1(ag3)

WT 80.00 +2.35 27/50 Fig. 4C
unc-49(e407) 97.16 +2.76 31/50 p=3.8x10°vs WT

sek-1(km4) 5222+ 1.54 37/50 p=19x10" vs WT

unc-49(e407);sek-1(km4) 62.32+2.35 31/50 p=13.0x10° vs WT, p = 0.0008 vs sek-1(km4))

WT 79.85+1.75 52/60 Fig. 5B
ins-31(0k3543) 97.80+2.11 60/60 p=4.5x10°

WT+Vector 81.36 + 1.84 50/60 Fig. 5B
WT+ins-31 RNAi 91.59 +2.39 49/60 p =0.0005 vs WT+Vector

WT 77.49 +2.54 35/50 Fig. 5C
ins-31(0k3543) 91.32+2.51 41/50 p=0.0004 vs WT

ins-31(0k3543);aijEx135[Pins-31::ins-31] 62.75+2.27 48/50 p=0.0003 vs WT, p=7.8 x 10" vs ins-31(0k3543)
ins-31(0k3543);aijEx126[Pintestine: :ins-31] 90.97 +2.83 31/50 p=0.0011vs WT, p=0.9007 vs ins-31(0k3543)
ins-31(0k3543);aijEx132[Pmuscle. :ins-31] 69.78 + 1.89 54/50 p=0.0176 vs WT, p = 8.1 x 10 vs ins-31(0k3543)
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Table S1. Continued.

TD mean + SEM

# Worms

Strain (Genotype) (hours) Scored/Total P value Figure
WT 80.00 +2.18 27/40 Fig. 6A
unc-49(e407) 108.46 +2.88 26/40 p=23x10"vs WT

ins-31(0k3543) 95.08 +2.52 26/40 p=0.0001 vs WT

unc-49(e407),ins-31(0k3543) 108.46 +3.03 26/40 p=5.3x 10" vs WT, p = 0.9498 vs unc-49(e407)

WT 86.51 +2.07 43/50 Fig. 6B
unc-49(e407) 103.26 +2.66 38/50 p=3.7x10°vs WT

unc-49(e407);aijEx110/Pins-31::ins-31] 89.56 + 1.66 41/50 p=0.4997 vs WT, p = 1.6 x 10° vs unc-49(e407)

WT 81.21 +1.52 43/50 Fig. 6C
unc-49(e407) 96.00 +2.43 37/50 p=7.5%107vs WT

unc-49(e407);aijEx88/[Pintestine::ins-31] 93.45+2.45 33/50 p=4.4x10% vs WT, p = 0.4389 vs unc-49(e407)
unc-49(e407);aijEx89/Pmuscle::ins-31] 80.21 +2.00 38/50 p=0.8841 vs WT, p = 6.8 x 10°° vs unc-49(e407)

WT 84.56+2.12 43/50 Fig. 6H
ins-31(0k3543) 103.32+2.95 41/50 p=3.0x10°vs WT

daf-16(mu86) 86.77 +2.02 39/50 p=0.6214 vs WT

ins-31(0k3543),daf-16(mu86) 82.67 +2.20 36/50 p =0.4659 vs WT, p = 0.2198 vs daf-16(mu86)

WT 84.00 +2.79 37/50 Fig. 6J
ins-31(0k3543) 100.00 +2.92 45/50 p=0.0004 vs WT

daf-2(e1370) 14147 +£4.15 38/50 p=3.8x10"Cvs WT

ins-31(ok3543).daf-2(e1370) 142.74 +£3.54 38/50 p=2.9x 10" vs WT, p = 0.8213 vs daf-2(e1370)

WT (S.aureus) 103.53+1.53 43/50 Fig. S2A
unc-49(e407) (S.aureus) 118.70 £2.42 37/50 p=5.7x107

WT 81.85+2.64 39/50 Fig. S2B
unc-49(e407) 106.20 + 5.68 40/50 p=0.0001 vs WT

unc-49(e407);krSi2[Punc-49::unc-49] 88.89+2.97 27/50 p=10.0554 vs WT, p = 0.0058 vs unc-49(e407)
unc-49(e407);0xIs22[Punc-49: :unc-49] 91.08 +2.64 39/50 p=0.152 vs WT, p = 0.0041 vs unc-49(e407)

WT 74.46 + 1.45 39/50 Fig. S2C
unc-49(e407) 83.73 + 1.79 45/50 p=0.0002 vs WT

unc-49(e407);aijEx21[Pi :unc-49] 86.26 + 1.57 53/60 p=12x10°vs WT, p =0.3441 vs unc-49(e407)

WT 83.41 +1.89 41/50 Fig. S2D
unc-49(e407) 101.85 +2.90 41/50 p=6.5x107vs WT

unc-49(e407);aijEx22[Pmuscle::unc-49] 76.55 +2.83 29/50 p=0.001 vs WT, p=3.9 x 10 vs unc-49(e407)

WT 78.15+2.52 41/50 Fig. S2E
unc-25(el56) 62.00 +3.29 48/50 p=0.0005 vs WT

unc-47(n2409) 57.43 +3.01 42/50 p=7.9x10°vs WT

unc-25(el56);aijEx44[Punc-25::unc-25] 7543 £3.63 42/50 p=0.6055 vs WT, p=0.0166 vs unc-25(e156)
unc-25(el56);aijEx43[Punc-47 rruncatea: unc-25] 94.97 + 3.48 35/50 p=0.0002 vs WT, p = 1.7 x 10° vs unc-25(e156)

WT 72.56 +2.40 43/50 Fig. S2F
unc-25(el56) 56.17+1.95 47/50 p=2.8x10°vs WT

unc-25(el56);aijEx181[Punc-30::unc-30] 55.73 £2.07 45/50 p=6.0x10° vs WT, p=0.9981 vs unc-25(e156)

WT+Vector 92.82 +1.95 34/50 Fig. S5A
unc-49(e407)+Vector 114.86 £3.29 28/50 p=6.3x 107 vs WT+Vector

WT+pmk-1 RNAi 61.09 + 1.88 22/50 p=2.4x 10" vs WT+Vector

unc-49(e407)+pmk-1 RNAi 69.52 +2.22 29/50 p=3.5x 10 vs WT+Vector, p = 0.008 vs WT+pmk-1 RNAi

WT+Vector 85.02 + 1.80 47/50 Fig. S5B
unc-49(e407)+Vector 101.10 £ 2.61 40/50 p=18x10° vs WT+Vector

WT+sek-1 RNAi 5429 +1.29 42/50 p=5.5x 10" vs WT+Vector

unc-49(e407) +sek-1 RNAi 64.00 +2.55 30/50 p=3.6 x 10* vs WT+Vector, p = 0.0007 vs WT+sek-/ RNAi

WT+Vector 82.50 +2.04 40/50 Fig. S5C
unc-49(e407)+Vector 101.78 £2.97 27/50 p=9.6 x 10° vs WT+Vector

WT+daf-2 RNAi 120.31 +£3.38 39/50 p=6.5x 10" vs WT+Vector

unc-49(e407)+daf-2 RNAi 121.71 +£3.58 42/50 p=2.5x 10" vs WT+Vector, p = 0.6818 vs WT+daf-2 RNAi

WT 91.20 +2.09 50/60 Fig. S5D
unc-30(el56) 104.83 £2.44 53/60 p=0.0001 vs WT

daf-2(e1370) 130.04 £4.12 49/60 p=7.6x10"vs WT

unc-30(el56),;daf-2(e1370) 129.23 £3.51 52/60 p=6.2x 10" vs WT, p=0.6376 vs daf-2(e1370)

WT 77.63 +1.47 49/50 Fig. S8D
ins-19(tm5155) 76.54 + 1.80 37/50 p=0.7432 vs WT

ins-31(0k3543) 102.64 +2.65 47/50 p=18x10"2vs WT
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Table S1. Continued.

Strain (Genotype)

TD mean + SEM

# Worms

(hours) Scored/Total P value Figure
unc-49(e407) 105.84 +£2.39 50/60 p=2.8x107vs WT
unc-49(e407);aijEx111[Pins-19::ins-19] 106.29 +2.48 42/60 p=5.4x107 vs WT, p = 0.9834 vs unc-49(e407)
unc-49(e407);aijEx110/Pins-31::ins-31] 88.80 £ 1.94 55/60 p=0.7884 vs WT, p = 3.4 x 107 vs unc-49(e407)
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Table S2. The exact p values of statistics for quantitative real time PCR.

Target gene Strain and treatment comparison p value Figure
abf-2 WT OP50 fed vs unc-49(e407) OP50 fed 8.0 x 107 Fig. 3D
WT OP50 fed vs WT PA 14 exposed 0.0019
WT PA14 exposed vs unc-49(e407) PA14 exposed 9.0 x 10
ctl-2 WT OP50 fed vs unc-49(e407) OP50 fed 0.005
WT OP50 fed vs WT PA 14 exposed 1.8 x10™
WT PA14 exposed vs unc-49(e407) PA14 exposed 0.016
dod-22 WT OP50 fed vs unc-49(e407) OP50 fed 0.0064
WT OP50 fed vs WT PA 14 exposed 4.1x 107
WT PA14 exposed vs unc-49(e407) PA14 exposed 1.1 x107"
mtl-1 WT OP50 fed vs unc-49(e407) OP50 fed 33 x107
WT OP50 fed vs WT PA 14 exposed 0.0045
WT PA14 exposed vs unc-49(e407) PA14 exposed 0.0114
sod-3 WT OP50 fed vs unc-49(e407) OP50 fed 33 x 107
WT OP50 fed vs WT PA 14 exposed 0.0006
WT PA14 exposed vs unc-49(e407) PA14 exposed 2.1x 10"
thn-2 WT OP50 fed vs unc-49(e407) OP50 fed 0.0014
WT OP50 fed vs WT PA 14 exposed 2.1x10°
WT PA14 exposed vs unc-49(e407) PA14 exposed 0.0242
abf-2 WT PA14 exposed vs unc-49(e407) PA14 exposed 1.9 x 107 Fig. 3E
unc-49(e407) PA14 exposed vs unc-49(e407),krSi2[Punc-49::unc-49] PA14 exposed 3.8 x10°
unc-49(e407) PA14 exposed vs unc-49(e407);aijSil [Pmyo-3::unc-49] PA14 exposed 3.0x10°
unc-49(e407) PA14 exposed vs unc-49(e407);aijSi2[Pges-1::unc-49] PA14 exposed 1
ctl-2 WT PA14 exposed vs unc-49(e407) PA14 exposed 7.0 x 10°
unc-49(e407) PA14 exposed vs unc-49(e407),krSi2[Punc-49::unc-49] PA14 exposed 5.0x10°
unc-49(e407) PA14 exposed vs unc-49(e407);aijSil [Pmyo-3::unc-49] PA14 exposed 12x10°
unc-49(e407) PA14 exposed vs unc-49(e407);aijSi2[Pges-1::unc-49] PA14 exposed 1
dod-22 WT PA14 exposed vs unc-49(e407) PA14 exposed 0.0008
unc-49(e407) PA14 exposed vs unc-49(e407),krSi2[Punc-49::unc-49] PA14 exposed 0.0243
unc-49(e407) PA14 exposed vs unc-49(e407);aijSil [Pmyo-3::unc-49] PA14 exposed 0.0002
unc-49(e407) PA14 exposed vs unc-49(e407);aijSi2[Pges-1::unc-49] PA14 exposed 0.0193
mtl-1 WT PA14 exposed vs unc-49(e407) PA14 exposed 6.9 x 10°
unc-49(e407) PA14 exposed vs unc-49(e407),krSi2[Punc-49::unc-49] PA14 exposed 0.0004
unc-49(e407) PA14 exposed vs unc-49(e407);aijSil [Pmyo-3::unc-49] PA14 exposed 0.0184
unc-49(e407) PA14 exposed vs unc-49(e407);aijSi2[Pges-1::unc-49] PA14 exposed 0.4476
sod-3 WT PA14 exposed vs unc-49(e407) PA14 exposed 0.0012
unc-49(e407) PA14 exposed vs unc-49(e407),krSi2[Punc-49::unc-49] PA14 exposed 0.004
unc-49(e407) PA14 exposed vs unc-49(e407);aijSil [Pmyo-3::unc-49] PA14 exposed 0.008
unc-49(e407) PA14 exposed vs unc-49(e407);aijSi2[Pges-1::unc-49] PA14 exposed 1
thn-2 WT PA14 exposed vs unc-49(e407) PA14 exposed 23 x10°
unc-49(e407) PA14 exposed vs unc-49(e407),krSi2[Punc-49::unc-49] PA14 exposed 0.0047
unc-49(e407) PA14 exposed vs unc-49(e407);aijSil [Pmyo-3::unc-49] PA14 exposed 0.0016
unc-49(e407) PA14 exposed vs unc-49(e407);aijSi2[Pges-1::unc-49] PA14 exposed 0.639

17



Table S2. Continued.

Target gene Strain and treatment comparison p value Figure
F35E12.5 WT OP50 fed vs unc-49(e407) OP50 fed 1 Fig. 4D
WT OP50 fed vs WT PA14 exposed 0.0003
WT PA14 exposed vs unc-49(e407) PA14 exposed 1
F08GS5.6 WT OP50 fed vs unc-49(e407) OP50 fed 1
WT OP50 fed vs WT PA 14 exposed 42x107
WT PA14 exposed vs unc-49(e407) PA14 exposed 0.2042
K08DS8.5 WT OP50 fed vs unc-49(e407) OP50 fed 1
WT OP50 fed vs WT PA 14 exposed 0.0075
WT PA14 exposed vs unc-49(e407) PA14 exposed 1
lys-1 WT OP50 fed vs unc-49(e407) OP50 fed 1
WT OP50 fed vs WT PA 14 exposed 1.9 x 107
WT PA14 exposed vs unc-49(e407) PA14 exposed 1
lys-2 WT OP50 fed vs unc-49(e407) OP50 fed 1
WT OP50 fed vs WT PA14 exposed 5.0x10°
WT PA14 exposed vs unc-49(e407) PA14 exposed 1
clec-85 WT OP50 fed vs unc-49(e407) OP50 fed 1
WT OP50 fed vs WT PA 14 exposed 6.8 x10°
WT PA14 exposed vs unc-49(e407) PA14 exposed 1
ins-31 WT PA14 exposed vs unc-49(e407) PA14 exposed 2.8 x107 Fig. 5A
unc-49(e407) PA14 exposed vs unc-49(e407),krSi2[Punc-49::unc-49] PA14 exposed 4.6x107
unc-49(e407) PA14 exposed vs unc-49(e407);aijSil [Pmyo-3::unc-49] PA14 exposed 0.0002
unc-49(e407) PA14 exposed vs unc-49(e407);aijSi2[Pges-1::unc-49] PA14 exposed 1
ins-20 WT OP50 fed vs unc-49(e407) OP50 fed 1 Fig. SSA
WT OP50 fed vs WT PA 14 exposed 0.1771
WT PA14 exposed vs unc-49(e407) PA14 exposed 1
ins-27 WT OP50 fed vs unc-49(e407) OP50 fed 1 Fig. S5B
WT OP50 fed vs WT PA14 exposed 0.1659
WT PA14 exposed vs unc-49(e407) PA14 exposed 0.7094
ins-19 WT vs ins-19(tm5155) 6.0 x10° Fig. S6B
ins-31 WT vs ins-19(tm5155) 0.0535
ins-19 WT vs ins-31(0k3543) 0.1227 Fig. S6C
ins-31 WT vs ins-31(0k3543) 0.0009
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Table S3. The primers of the examined genes for quantitative real-time PCR.

Target gene

Forward primer sequence Reverse primer sequence Note
tha-1 TCAACACTGCCATCGCCGCC TCCAAGCGAGACCAGGCTTCAG Internal control gene.
abf-2 GCTGCCGACATCGACTTTA CGACCGCTTCGTTTCTTGC Insulin-like signaling/daf-16 pathway dependent gene.
ctl-2 CTACAGTCGGTGGTGAGAGC TCGGGAAGTGGATAGGGTCA 1IS/daf-16 pathway dependent gene.
dod-22 CCAGGATACAGAATACGT CCAGAGATGACTTCAGTT 1IS/daf-16 pathway dependent gene.
mtl-1 TGCGGAGACAAATGTGAATG GCTTCTGCTCTGCACAATGA 1IS/daf-16 pathway dependent gene.
sod-3 CTACTGCTCGCACTGCTTCA ATCTGGGAGAGTGTGCTTGG 1IS/daf-16 pathway dependent gene.
thn-1 TCTCGCTCTCCTGCTTTTGG CAGCCGTAAGTTGGAAGCCT 1IS/daf-16 pathway dependent gene.
F35E12.5 ACACAATCATTTGCGATGGA GGTAGTCATTGGAGCCGAAA pmk-1 pathway dependent gene.
F08G5.6 TGGACAACCCAGATATGCAA GTATGCGATGGAAATGGACA pmk-1 pathway dependent gene.
K08DS8.5 TTACGATGGTGATTCCGT GCTTGTTGCCAGTTGAGA pmk-1 pathway dependent gene.
lys-1 TTCGGATCTTTCAAGAAG TGGGATTCCAACAACGTA pmk-1 pathway dependent gene.
lys-2 ATCGACTCGAACCAAGCTGCG TCGACAGCATTTCCCATTGAAGCGT pmk-1 pathway dependent gene.
clec-85 CCTGATGATAAGTATATT GGTTTTGGCTGTAGCACG pmk-1 pathway dependent gene.
ins-31 GTTTGCCAGACCGGAGAAAA TTGATGTCTTCACCGCACAC Insulin-like peptide INS-31 coding gene.
ins-20 GCTCGAATGTTGATGATAACCT TTCATTCTGGACAGCACCGT Insulin-like peptide INS-20 coding gene.
ins-27 GCCGCTTAATTCCCTATGTCTA GACAGCAAGCCTTTTGGACTT Insulin-like peptide INS-27 coding gene.
ins-19 AGAGTATGCGTGAAGGATATAGATC ACTTCCTCACTGCAAATATGCTTC

Insulin-like peptide INS-19 gene.
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S| materials and methods

Experimental C. elegans animals. Strains were maintained at 20 °C with standard procedures
unless otherwise specified on nematode growth media (NGM) plates seeded with Escherichia coli
OP50 as a food source (1). The Bristol strain C. elegans N2 was used as wild-type. Strains were
maintained at 20 °C then shifted to 25°C for P. aeruginosa PA14 lawn avoidance assays and
pathogenesis survival assays.

The following mutant alleles and transgenes were used in this study:

LGIl: unc-29(kr29::tagRFP) (2), daf-16(mu86). LGIl: krSi2[Punc-49::unc-49::tagRFP] (3), age-
1(hx546), nsy-1(ag3), ins-19(tm5155), ins-31(0k3543), juls1;ins-31(0k3542), krSi2;ins-31(0k3542),
oxls22[Punc-49::unc-49::GFP+lin-15(+)](4). LGlll: unc-25(e156), unc-47(n2409), unc-49(e382),
unc-49(e407), daf-2(e1370). LGIV: unc-30(e191), unc-30(hzhCR1::GFP) (5), juls1[Pyn.25::5nb-
1::GFPJ(6), gbb-2(tm1165), pmk-1(km25). LGX: gbb-1(tm1406), sek-1(km4), lin-15AB(n765ts).
Integrants: zI/s356[daf-16::GFP + rol-6(su1006)], unc-49(e407);zI1s356, unc-30(e191),;z1s356, ins-
31(0k3543);z1s356. muls61[daf-16::GFP  + rol-6(su1006)], unc-49(e407);muls61, unc-
30(e191);muls61, ins-31 {ok_3543);muls6 1. Transgenes: krEx1068[Pmadd-4°"""::madd-4L::GFP]
and KrEx1069[Pmadd-4°"""::madd-4B::GFP] (3). Double mutant alleles: unc-49(e407);daf-
16(mu86), unc-49(e407);daf-2(e1370), unc-49(e407);age-1(hx546), unc-49(e407);,pmk-1(km25),
unc-49(e407);nsy-1(ag3), unc-49(e407);sek-1(km4), unc-49(e407);ins-31(0k3543), unc-
30(e191),;daf-2(e1370).

The following transgenic lines and single-copy insertion transgenes were created in this study:

In unc-25(e151);lin-15AB(n765ts) worms: aijEx41, aijEx42, aijjEx43[pKNO03; pEKL15], aijEx44,
aijEx45, aijEx46[pHP03; pEKL15], aijEx143[Punc-30::unc-25], aijEx181[Punc-30::unc-30].

In unc-49(e407);lin-15AB(n765ts) worms: aijEx21[pXZ06; pEKL15], aijEx22[pXZ05; pEKL15],
aijEx109, aijEx110[pHP31; pEKL15], aijjEx87, aijEx88[pHP24; pEKL15], aijjEx89, aijEx90[pHP25;
PEKL15], aijEx111, aijEx112, aijEx113[pHP32; pEKL15].

In ins-31(0k3543);lin-15AB(n765ts) worms: aijEx125, aijEx126, aijEx127[pHP24; pEKL15],
aijEx130, aijEx131, aijjEx132[pHP25; pEKL15], aijEx135, aijEx136, aijEx137[pHP31; pEKL15].

In lin-15AB(n765ts) worms: aijEx157, aijEx158, aijjEx159[pSY03; pSY04; pEKL15].

Single-copy insertion alleles in (tTi5605 locus of Chrll: aijSi1[pXZ05, Pmyo-3::unc-
49::tagRFP::unc-54 3 UTR], aijSi2[pXZ06, Pges-1::unc-49::tagRFP::unc-54 3 UTR],
aijSi12[pSY01, Punc-30::Tetx::SL2::GFP::unc-54 3’ UTR].

Germline transformation. Transformation was conducted by microinjection of plasmid DNA into
the gonad of C. elegans young adult animals as described (7). Transgenic lines were based on the
rescue of lin-15AB(n765ts) at 20 °C or 25 °C otherwise stated specifically.

For specific rescue of unc-49(e407) mutant by UNC-49 (3, 4), pXZ05, or pXZ06 was injected at
10 ng plI" with pEKL15(/in15(+)) at 20 ng pl” and 1 kb ladder (New England Biolabs) up to 100 ng
pl'1, respectively.

For endogenous and specific rescue of unc-25(e156) mutant, pHPO03(Punc-25::unc-
25::SL2::GFP), or PKNO3(Punc-47 runcateq):-unc-25::SL2::GFP), pHP28(Punc-30::unc-
25::SL2::GFP::unc-54 3’UTR), or pJdL24(Punc-30::unc-30::SL2::GFP::unc-54 3’UTR) was injected
at 20 ng plI”" with pEKL15(lin15(+)) at 20 ng ul™ and 1kb ladder up to 100 ng I

For endogenous and specific rescue of ins-31(0k3543) or unc-49(e407) mutant by INS-31,
pHP24, pHP25, pHP31, or pHP32 was injected at 30 ng ul”" with pEKL15(/in15(+)) at 10 ng " and
1 kb ladder up to 100 ng pl™.

For ins-31 expression pattern, pSY03 was injected at 30ng pl™', pSY04 at 20ng pl™* wtih pEKL15
at10 ng pl'1 and 1 kb ladder up to 100 ng pl'1.

Generation of single-copy insertion alleles by homologous recombination. The aijSi1 and
aijSi2 alleles encode UNC-49 fused with red fluorescent protein tagRFP (UNC-49-tagRFP) mini-
gene under the control of muscle-cell-specific myo-3 or intestine-specific ges-7 promoter,
respectively, and were generated by using the Mos1-mediated single-copy insertion (MosSCl/)
technique as described(8). The UNC-49-tagRFP mini-gene composed of a genomic DNA fragment
containing the first four exons of unc-49, a cDNA fragment corresponding to the last eight exons of
unc-49B isoform and the 3’ UTR sequence of unc-54, was amplified from pHT22.1 plasmid. The
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2.7 kb of specific muscle promoter Pmyo-3 and the 2.5 kb of specific intestine promoter Pges-1
were amplified from genomic DNA of wild-type strain N2, respectively. The pXZ05 or pXZ06 repair
template was injected at 42.5 ng ul™ with pCFJ601(Pes.3::Mos1 transposase) at 50 ng i, the
pMA122 negative selection marker at 10 ng pl'1, pGH8 at 10 ng pl'1, pCFJ90 at 2.5 ng pl'1, pCFJ104
at5ng I, and 1 kb ladder (New England Biolabs) up to 120 ng I into unc-119(ed3)lll; ttTi5605
Il animals picked from EG6699 strain.

The aijSi12 allele encodes the light chain of tetanus toxin (TeTx) used to inhibit chemical synaptic
transmission (9, 10) under the control of GABAergic D-type motor neurons promoter unc-30 (Punc-
30::TeTx::SL2::GFP) in wild-type worms was generated by MosSCI/. The sequence of TeTx gene
was amplified from the plasmid gifted from Dr. S. Gao (11). The unc-30 promoter sequences were
derived from pXZ05 plasmid. The fragment of Punc-30::TeTx::SL2::GFP fused with the 3° UTR
sequence of unc-54 was inserted into pCFJ151 at Xhol and Spel sites by using isothermal
assembly(12). The uncoordinated moving animal picked from EG6699 strain was injected with
pSYO01.

Plasmid construction. The plasmids were built by using isothermal assembly (12), otherwise
stated specifically else. The following plasmids were created in this study:

pXZ05: Pmyo-3::unc-49:tagRFP::unc-54 3’ UTR. The 2.7 kb fragment of muscle specific
promoter Pmyo-3 was amplified from genomic DNA of wild-type strain N2 and the unc-49-
tagRFP::unc-54 3' UTR mini-gene was amplified from pHT22 plasmid (13). The fragments of Pmyo-
3 fused with unc-49::tagRFP::unc-54 3’ UTR mini-gene was inserted into pCFJ151 vector at Spel
and Xhol sites.

pXZ06: Pges-1::unc-49-tagRFP::unc-54 3° UTR. The 2.5 kb fragments of intestine specific
promoter Pges-1 was amplified from genomic DNA of wild-type strain N2, and unc-
49::tagRFP::unc-54 3’ UTR mini-gene was amplified from pHT22 plasmid (13). The fragments of
Pges-1 fused with unc-49-tagRFP::unc-54 3’ UTR mini-gene was inserted into pCFJ151 vector at
Spel and Xhol sites.

pPNKO3: Punc-47yuncated-:unc-25::SL2::GFP::unc-54 3’UTR. The 190 bp fragment of unc-47
truncated promoter (Punc-47uncated) (14) and 7,054 bp genomic DNA fragment of unc-25 coding
region (from initiation codon ATG to stop codon TAA) were amplified from N2 genomic DNA fused
with SL2::GFP sequence derived from pNP403 plasmid and unc-54 3’'UTR region were inserted
into pJET1.2 vector (CloneJET PCR Cloning kit, Thermo Scientific, K1232#) by using isothermal
assembly(12). Apal site was introduced between genomic DNA fragment of unc-25 coding and
SL2-GFP sequence regions.

pHPO3: Punc-25::unc-25::unc-25 3’'UTR. The sequence of unc-25 locus containing 2,116 bp
promoter region, 7,054 bp genomic DNA sequence of UNC-25 coding region, and 867 bp unc-25
3’ UTR region was amplified from genomic DNA of wild-type strain N2 and then inserted into
pJET1.2.

pHP24: Pges-1::ins-31::SL2::GFP::unc-54 3’'UTR. The 2.5 kb fragment of intestine promoter
Pges-1 derived from pXZ06 and the genomic DNA sequence of ins-31 coding sequence amplified
from genomic DNA of wild-type strain N2 were fused and inserted into pNKO3 vector at Notl and
Apal sites, in which the fragment of Punc-47ncateq-:unc-25 was removed.

pHP25: Pmyo-3::ins-31::SL2::GFP::unc-54 3’UTR. The 2.7 kb fragment of muscle specific
promoter Pmyo-3 was derived from pXZ05 and the genomic DNA sequence of ins-37 coding
sequence amplified from genomic DNA of wild-type strain N2 were fused and inserted into pNK03
vector at Nofl and Apal sites, in which the fragment of Punc-47ncateq::unc-25 was removed.

pHP28: Punc-30::unc-25 ::SL2 ::GFP::unc-54 3’UTR. The 2,627 bp sequence of D type motor
neuron promoter Punc-30, and unc-25 cDNA and SL2::GFP::unc-54 3’'UTR sequence from pNKO03
were inserted into Xhol and Spel sites of pCFJ151 vector.

pJL24: Punc-30::unc-30 ::SL2 ::GFP ::unc-54 3’UTR. The 2,627 bp sequence of D type motor
neuron promoter Punc-30, and unc-30 cDNA and SL2::GFP::unc-54 3’'UTR sequence from pNKO03
were inserted into Xhol and Spel sites of pCFJ151 vector.

pGJ07: ins-19ins-31 loci::SL2::GFP::unc-54 3°'UTR. The genomic DNA sequence of ins-371 and
ins-19 loci amplified from genomic DNA of wild-type strain N2 was inserted into pNK03 vector at
Nofl and Apal sites, in which the fragment of Punc-47 . ncateq::unc-25 was removed.
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pHP31: Pins-31::ins-31::SL2::GFP::unc-54 3’'UTR. The sequence with the deletion of the ins-19
coding region was amplified by reverse PCR strategy and using pGJ07 as a template, and then
was self-fused using isothermal assembly(12).

pHP32: Pins-19::ins-19::SL2::GFP::unc-54 3’'UTR. The sequence with the deletion of the ins-31
coding region was amplified by reverse PCR strategy and using pGJ07 as a template, and then
was self-fused.

pSY01: Punc-30::Tetx::SL2::GFP::unc-54 3’'UTR. The 2,627 bp sequence of D type motor
neuron promoter Punc-30, and Tetx sequence(11) and SL2::GFP::unc-54 3’'UTR sequence from
pNKO03 were inserted into Xhol and Spel sites of pCFJ151 vector.

pSYO03: Pips.31::NLS::YFP. The 599bp promoter of ins-31 derived from pHP31 was inserted into
the Hindlll and Xbal sites of pPD133.97 (L4687, Fire kit) vector, in which the myo-3 promoter
sequence was removed.

pPSYO04: Ppyo.3::NLS::mCherry. The 864 bp encoding sequence of mCherry amplified from
pCFJ90 was inserted into the Agel and Nhel sites of pPD133.97 (L4687, Fire kit) vector, in which
the GFP encoding sequence was removed.

pJL09: Pcyy::ins-31::GFP. The 657 bp ins-31 cDNA amplified from total RNA of wild-type strain
N2 by reverse transcription polymerase chain reaction (RT-PCR) and the GFP sequence derived
from pBP38(3) was fused by fusion PCR strategy, which then was inserted into pCEP4 vector
(Thermo-Fisher Scientific) at Notl and Kpnl sites. This plasmid was used to perform co-
immunoprecipitation in transfected HEK 293T cells.

pJL10: Pcyy::SP::GFP. The 48 bp signal peptide sequence of ins-31 amplified from pJL09 and
the GFP sequence derived from pBP38 (3) was fused by fusion PCR strategy, which then was
inserted into pCEP4 vector (Thermo-Fisher Scientific) at Notl and Kpnl sites. This plasmid was
used to perform co-immunoprecipitation in transfected HEK 293T cells.

pJL11: Pgyy::daf-2::3%Flag. The extracellular region coding sequence (3,552bp) of daf-2
amplified from total RNA of wild-type strain N2 by RT-PCR with the 3’ terminal end primer
containing the coding sequence of three Flag repeats (3xFlag) was inserted into pCEP4 vector at
Nofl and Kpnl sites. This plasmid was used to perform co-immunoprecipitation in transfected HEK
293T cells. All plasmids were verified by sequencing and available from the authors on request.

C. elegans killing assay. The killing assay by P. aeruginosa PA14 was performed as previously
described (15) with minor modifications. Briefly, the overnight cultured P. aeruginosa PA14 was
seeded on modified NGM (0.35% instead of 0.25% peptone) in 3.5 cm-diameter plates to cover the
full surface of NGM agar, namely slow killing assay plates. The slow-killing assay plates were
incubated at 37 °C for 24 h after dried at room temperature, and then shifted to balance the
temperature at 25 °C for 8-12 h prior to seeding with synchronized larval L4 stage animals. The
slow-killing assays were performed at 25 °C. Animals were scored for survival per twelve hours
and transferred to fresh slow-killing assay plates daily. Animals were considered dead if they failed
to respond to the repeated touch of a platinum wire. 50 ug ml” 5-Fluoro-29-deoxyuridine (FUdR,
Sigma, F0503) was included in the slow-killing assay NGM to prevent the growth of progeny and
“bagging”. Fifty animals were used for each experiment and those that died of vulva burst or
crawling off plates were censored. All survival experiments were performed at least three
independent replicates. For the killing assay by S. aureus, the overnight cultured bacteria were
diluted at 1:5, then seeded on 3.5 cm-diameter tryptic soy agar (Aobox, 02-102) plates containing
5 ug ml™" naladixic acid (Macklin, 3374-05-8). Plates were incubated at 37 °C for 6 h, shifted to
balance the temperature of the plates at 25 °C for 2-4 h, and then used to perform the killing assay
by S. aureus, of which the following steps were the same as the slow-killing assay by P. aeruginosa
PA14 described above.

P. aeruginosa PA14 avoidance assay. The PA14 avoidance assay was performed with minor
modification as described (16). A 20 pL drop of P. aeruginosa PA14 culture was seeded on 6.0 cm
NGM plates and cultured at 37 °C for 24 h. Thirty larval L4 nematodes were transferred to the
centre of each PA14 lawn on the modified NGM plate. The number of nematodes was counted at
2,4, 6, 8, and 10 h post-exposure for presence or absence on each PA14 lawn.
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Lifespan assay on heat-killed P. aeruginosa PA14. Lifespan assay on heat-killed P. aeruginosa
PA14 was carried out as previously described (16). Briefly, bacteria were concentrated 1:5 and
heat-killed at 65 °C for 3 hours. The death of P. aeruginosa PA14 was confirmed by falling to grow
on Luria-Bertani (LB) plates at 37 °C overnight. Heat- kllled P. aeruginosa PA14 was seeded on a
3.5 cm plate of modified NGM containing 50 ug ml”™ FUdR and 50 Mg ml™ ampicillin (Sangon
Biotech, A610028). The Synchronized larval L4 worms were moved to the heat-killed PA14 plates.
Animals were scored for survival daily and transferred to fresh plates per 2-3 days. Animals were
considered dead if they failed to respond to the repeated touch of a platinum wire.Those that died
of vulva burst or crawling off plates were censored. The assay was performed at 25 °C.

Quantification of intestinal P. aeruginosa PA14 loads. The quantification of colony forming units
(CFU) was modified from the previous description (16). The worms were exposed to P. aeruginosa
PA14 for 24 h in the same conditions as the killing assay. Ten nematode animals were transferred
to M9 solution containing 100 mM sodium azide (Amersco, 0639) to paralyze the worm and stop
the pharyngeal pumping, washed three times with an antibiotic M9 solution containing 1 mg ml”’
ampicillin (Sangon Biotech, A610028) and 1 mg ml™ gentamicin (Solarbio, G8170), followed by 30
min of incubation in the antibiotic solution to kill the bacteria present on the exterior of worms. The
worms were lysed with a motorlzed pestle after transferred onto new NGM plates containing 1 mg

! ampicillin and 1 mg ml™ gentamlcm for another 30 min to further eliminate the external PA14.
Serlal dilutions of the lysates (10 102, 10°, 10" ) were plated onto LB plates containing 100 ug

rlfamplcm (Solarbio, R8011) to select for PA14 and grown overnight at 37 °C. The colonies of
PA14 were counted to determine CFU per worm. At least three independent replicates were
performed.

Behavioral analysis. The pharyngeal pumping was counted manually by visual inspection of
movies taken with DIC optics using a Multi-Purpose Zoom Microscope (AZ100, Nikon) and played
at slow speed. One movement sequence consisting of an opening and a closing of the terminal
bulb (TB) was counted as one pumping movement. The number of pharyngeal pumping was
counted within one minute. To determine the percentage of successful enteric muscle contractions
per defecation cycle, we scored for the presence of an enteric muscle contraction following a
posterior body contraction (EMC/pBoc). Ten defecation cycles from individual young adult animals
were scored for each genotype (17, 18). Three times of experiments were performed
independently.

Visualization of bacterial accumulation assay. Overnight cultures of P. aeruginosa expressing
GFP (PA14::GFP) were seeded on slow-killing NGM plates and incubated at 37 °C for 24 h.
Synchronized larval L4 worms were transferred to the plates and cultured at 25 °C for indicated
times after PA14::GFP exposure. Before the examination of bacterial accumulation in the intestine
and the pharyngeal lumen of animals, worms were washed in M9 buffer to eliminate the fluorescent
bacteria stuck to the cuticle of worms. Animals were visualized using a Multi-Purpose Zoom
Microscope (AZ100, Nikon). The intensity of fluorescence was analyzed using ImageJ software
(v1.8.0, NIH).

Green fluorescent bead intake assay. The assay was performed by feeding the worms with
mixtures of OP50 or PA14 bacteria and 0.5-um green fluorescent polystyrene beads (Phosphorex,
Inc., 2103A) (19). The overnight cultured E. coli OP50 or P. aeruginosa PA14 were mixed with the
fluorescent beads at a ratio of 25:1 and 100 pl of the mixtures were seeded onto the 35 mm-
diameter NGM plates, and incubated at 37 °C for 24 h. Synchronized young adult worms were
transferred to the plates and incubated at 25 °C for 2 h. The worms were washed in M9 buffer with
25 mM sodium azide to remove the fluorescent beads that adhere to the body surface, following
by being mounted to the Multi-Purpose Zoom Microscope (AZ100, Nikon). The fluorescence
intensity of the area containing the GFP fluorescent beads was analyzed using ImagedJ software
(v1.8.0, NIH).
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RNA isolation. Synchronized larval L1 worms were transferred onto NGM plates seeded with
OP50 and grown at 20 °C till the worms reached larval L4 stage. Animals were collected, quickly
washed once with M9 solution, and then transferred to modified NGM plates seeded with OP50 or
PA14, cultured at 25 °C for 24 h. Animals were washed off the plates and rinsed once with M9
solution. The worm pellet was re-suspended in TRIzol (Transgen, ER501-01-01) for total RNA
extraction or frozen at -80 °C for future experiments. Total RNA was obtained using TransZol Up
Plus RNA Kit (Transgen, ER501-01) and cDNAs were synthesized by using the kit of TransScript
All-in-One First-Strand cDNA Synthesis SuperMix (Transgen, AT341-02), made aliquots and frozen
at -80 °C for subsequent experiments.

Quantitative real-time PCR (qRT-PCR). Total RNA was obtained as described above. qRT-PCR
was performed using SYBR PCR Master Mix (Transgen, AQ141-02) on a Bio-Rad CFX96 real-time
PCR machine. Relative fold-changes for transcripts were calculated using comparative Cr (24"
method and normalized to tba-1 gene encoding a tubulin. All experiments were performed at least
three times independently. The primers used to examine the target genes were listed in Table S3.

RNA interference. RNAi was performed by feeding worms with E. coli strain HT115 (DE3)
expressing double-strand RNA homologous of target genes as described (20). HT115 (DE3) was
grown overnight in LB broth containing 100 pg ml™ ampicillin (Sangon Biotech, A610028) at 37 °C
and spread onto NGM plates containing 100 pg ml”’ ampicillin and 2 mM isopropyl 1-thio-3-D-
galactopyranoside (IPTG, Sangon Biotech, A600168). The worms were allowed to grow about 24
h at room temperature on the NGM plates seeded with E. coli strain HT115 (DE3) expressing
indicated RNAI. L2-L3 larval worms of indicated genotype strains were seeded onto RNAI plates
and cultured for 2 days at 20 °C. The gravid adults were then transferred onto fresh bacterial lawns
expressing indicated RNAi and allowed to lay eggs for 2 h to obtain RNAi-animal population of the
second generation. The eggs were allowed to develop to reach larval L4 stage for subsequent
experiments at 20 °C.

Imaging and fluorescence quantification. Images were acquired using a Nikon Ti-E Inverted
Confocal Microscope equipped with a Princeton Instruments PIXIS 400B Digital CCD Camera
System. For the quantitative analysis of GABAergic presynaptic bouton (juls7, SNB-1::GFP) (6)
and post-synaptic GABAaR (krSi2, Punc-49::unc-49::RFP)(13), L-AChR (kr208[unc-29::RFP]) (2),
or MADD-4L::GFP (krEx1068[Pmadd-4smia::madd-4L::GFPJ) (3), MADD-4B::GFP
(krEx1069[Pmadd-4ysmiq::madd-4B::GFP] (3) fluorescence in living worms, young adult animals
were mounted on 2% agarose pads and immobilized using 0.1 M sodium azide (Sigma) in M9
buffer and pictures of dorsal cords were acquired as described previously(13). Acquisition settings
were the same across genotypes for quantitative analysis. For evaluating the fluorescence level in
different genetic backgrounds, each genotype was analysed on three different days, and the data
were pooled together. Data are presented as a percentage of the mean fluorescence relative to
that of the wild-type. All results of fluorescence quantification are presented as means and s.e.m..

Electrophysiology. Electrophysiological recording was done on dissected C. elegans as
previously described (21, 22). Briefly, the larval L4 late stage hermaphrodite animals were glued to
a sylgard-coated glass which was covered with bath solution in a chamber after fed on E. coli OP50
or exposed to P. aeruginosa PA14 for 24 h at 25 °C. Anterior body wall muscle cells were patched
by fire-polished 4-6 MQ resistant borosilicate, which were pulled by a P-1000 puller (Sutter
Instruments, Novato, CA, USA). mIPSCs were recorded in the whole-cell configuration by HEKA
EPC9 amplifier (HEKA, Lambrecht, Germany), using the Pulse software (HEKA Elektronik). Data
were sampled at 10 kHz. Solutions for mIPSCs recording were described in the previous study(22).
Specifically, the intracellular solution contained (in mM): 115 K-gluconate; 25 KCI; 0.1 CaCly; 5
MgCly; 1 BAPTA; 10 HEPES; 5 Na,ATP; 0.5 Na,GTP; 0.5 cAMP; 0.5 cGMP, pH 7.2 adjusted by
KOH, ~320 mOsm. The extracellular solution contained (in mM): 150 NaCl; 5 KCI; 5 CaCl,; 1 MgCly;
10 glucose; 5 sucrose; 15 HEPES, pH 7.2 adjusted by NaOH, ~330 mOsm. As previously reported,
the reversal potentials of GABARs and AChRs were -30 mV (22) and +20 mV (23), respectively.
The recording potential was held at -10 mV, with ionotropic acetylcholine receptor blocker D-
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tubocurarine (d-TBC, 0.5 mM) included in the extracellular solution to isolate mIPSC events at
GABAergic NMJs of worms. All the chemicals were purchased from Sigma Aldrich. All the
recordings were conducted at 22 °C.

Cell culture and Transfection. Human embryonic kidney (HEK) 293T cells (ATCC, CRL-11268)
were maintained in Dulbecco’s modified Eagle’s medium with 10% inactive fetal bovine serum and
penicillin-streptomycin (Gibco, Grand Island, 15140122) at 37 °C supplied with 5% CO, in an
incubator (Thermo Fisher Scientific) with a humidified atmosphere as described previously (24).
The cells were washed once using PBS and digested with 0.05% Trypsin-EDTA (Gibco, Grand
Island, 25300054) at 37 °C for routine passage of the cells. HEK 293T cells were transiently
transfected with indicated constructions using the polyethylenimine (PEI, 1 mg/ml in ddH,O)
reagent (Polyscience, 24765-2). The PEI/DNA mixture with the ratio of PEI to DNA at 3:1 was
incubated for 30 min at room temperature before added to the HEK 293T cell cultures dropwise.

Biochemistry. Co-immunoprecipitation (Co-IP) were performed as previously described (13).
Briefly, 10 ml of the cell culture supernatants of HEK 293T cells transiently transfected with
indicated constructions in the plates of diameter at 10 cm were harvested at around 48 hours post-
transfection, centrifuged to remove the cell debris (13,000 rpm, 10 min at 4 °C), and then 500 L
of 1 M HEPES (pH 7.7) was added to buffer the pH value. For the Co-IP of SP::INS-31::GFP or
SP::GFP and three Flag repeats tagged extracellular domain of DAF-2 (DAF-2Ecto::3xFlag), the
prewashed 20 pl of anti-GFP-Trap-A beads (Chromotek, gta-20) was added and incubated
overnight at 4 °C with gentle rotation. The anti-GFP-Trap-A beads were collected by centrifugation
at 1,000 g for 3 min at 4 °C. The beads were washed six times with ice cold immunoprecipitation
(IPB, 50 mM HEPES, pH7.7, 100 mM NaCl, 50 mM KCI, 2 mM MgCl,, 1 mM EDTA, 1 pg/ml
pepstatin, 1 pg/ml leupeptin, 2 pg/ml aprotinin, 1mM PMSF, 1 tablet of protease inhibitor cocktail
per 10 ml buffer) buffer containing 0.05 % Triton X-100. After last time wash, the beads were re-
suspended by 60 pl IPB buffer, the immunoprecipitated proteins were eluted in 3 x laemmli buffer
with beta-mercaptoethanol, and analyzed by western blotting after boiled for 10 min at 98 °C. For
the western blotting, the primary anti-GFP Rabbit polyclonal antibody (Invitrogen, A-11122) at a
1:3,000 dilution or anti-Flag mouse monoclonal antibody (MBL, M185-3L) at a 1: 12,000 dilution
was used, and horseradish peroxidase (HRP)-conjugated goat anti-rabbit (Transgen, HS101-01)
or anti-mouse (Transgen, HS201-01) was used as secondary antibody at a 1:2,000 or 1:5,000
dilution, respectively. The images of blotting membranes were captured by an imaging system
(MicroChemi 4.2, DNR Bio Imaging Systems). All the co-immunoprecipitation experiments were
repeated at least three times independently.

Nuclear localization analyses of DAF-16a""-GFP. To observe DAF-16 subcellular distribution,
a stably integrated DAF-16::GFP transgenic allele z/s356 (25, 26) and CF1139 (27) were
introduced into unc-49(e407), unc-30(e191), and ins-31(0k3543) mutant. The well-fed larval L4
stage worms were mounted in M9 buffer containing 25 mM sodium azide on agar pad and imaged
immediately using a Multi-Purpose Zoom Microscope (AZ100, Nikon). For z/s356, more than 100
animals for each genotype were used to evaluate and classified into three categories as nuclear,
intermediate and cytoplasmic localization of DAF-16::GFP based on the accumulation intensity of
GFP in the nucleus and the cytoplasm of the intestinal cells of each animal (28). For CF1139,
considering the very low GFP signal, the anterior worm body were imaged and classified into two
categories as nuclear and cytoplasmic localization on the basis of GFP signal could be visilized in
the nucleus of animals (27).

ROS Detection. ROS determined by DCF-DA were detected as described in previous study (29)
with minor modification. Briefly, approximately 1000 young adult worms were collected in M9 buffer,
washed three times with M9, once with PBS. The worm extracts were prepared by sonication and
subsequent centrifugation at 15,000 rpm at 4 °C. Supernatants containing 10 ug of protein was
pre-incubated in PBS with 100 uM DCF-DA (Beyotime, S0033S) at 37 °C for 1 hour. Fluorescence
intensity was measured with a fluoremeter (PerkinElmer, USA) at the excitation wavelength 488
nm and the emission wavelength 535 nm. Intestinal ROS determined by DHE staining as described
previously (30). In brief, worms raised on agar plates were washed off with M9 buffer, and then
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incubated in M9 buffer containing 3 uM DHE (Beyotime, S0063) for 30 min. After DHE buffer
incubation, the worms were washed extensively in M9 buffer followed by imaging by using a Multi-
Purpose Zoom Microscope (AZ100, Nikon). For scoring ROS signals, animals with signal present
in both the anterior and posterior intestine were classified as “High”; animals with signal in only part
of the intestine (anterior or posterior intestine, for instance) were classified as “Medium”; animals
without or with very weak intestinal signal were classified as “Low”.

Statistical analysis. Data were analyzed with Prism 8.0 (v8.4.3, GraphPad Software, Inc.) and
SPSS® Statistics Version 25 (IBM, USA). For statistical analyses of all killing and life span assays,
Log-rank (Kaplan-Meier) method was used to calculate p-values, which were listed in Table S1.
For comparison of category of DAF-16—GFP subcellular localization (cytoplasm, intermediate,
nuclear), a chi-square test was used. For comparison of two groups, an unpaired Student’s ¢ test
was performed, otherwise a nonparametric Mann-Whitney test was performed for Fig. 1e, 19, 2d,
2h, 2i and Fig. S1c and 1e as these data of the samples were not normal distribution after being
conducted by a D’Agostino & Person test. For the comparison of more than two groups, one-way
ANOVA tests followed by Bonferroni’'s multiple comparison tests were performed. p value for all
statistical analysis of quantitative RT-PCR are listed in Table S2.
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