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Figure S1. The channel conductance of ACh receptors is reduced in 0OmM Ca?*, Related to Figure 1. (A)
Example traces of ACh-activated currents recorded from wild-type animals in ImM and OmM Ca*" bath
solutions. (B) Boxplot of the currents from A. (C) Example traces of GABA-activated currents recorded in 1mM
and 0mM Ca?" bath solutions, respectively. (D) Boxplot of the amplitude of the currents from C. Data are
presented as box-and-whisker plots with the median (line) and mean (cross) indicated (***, p <0.001 when
compared to the 1mM Ca** recordings; n.s., non-significant when compared to the ImM Ca?* recordings;
student’s t-test). The number of worms analyzed for each genotype is indicated under each box.
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Figure S2. Effects of calmodulin binding UNC-13L on tonic release. Related to Figure 1. (A) Sequence
alignment of the CaM domain between worm unc-13 and rat Munc13-1. (B) Co-immunoprecipitation shows
binding of the UNC-13L CaM domain and calmodulin. The binding is disrupted by mutating the conserved
tryptophan (W593) to arginine (R) in the CaM domain. (C-E) Example traces of the mIPSCs and averaged
mIPSC frequency and amplitude from the indicated genotypes. Data are presented as box-and-whisker plots
with the median (line) and mean (cross) indicated (n.s., non-significant when compared to the UNC-13L rescue;
D, one-way ANOVA; E, one-way ANOVA following Dunn’s test). The number of worms analyzed for each
genotype is indicated under each box.
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Figure S3. Tonic release in ImM Ca’" is unaltered by disrupting single domain function in UNC-13L.
Related to Figure 2. (A) Representative mEPSC traces recorded from unc-13 mutants rescued by the indicated
constructs in ImM Ca?". (B, C) Boxplot of mEPSC frequency and amplitude from the indicated genotypes in A.
(D) Representative mIPSC traces recorded from unc-13 mutants rescued by the indicated constructs in ImM
Ca*. (E, F) Boxplot of mIPSC frequency and amplitude from the indicated genotypes in D. Data are shown as
box-and-whisker plots with the median (line) and mean (cross) indicated (one-way ANOVA for data in B, E,
one-way ANOVA following Kruskal-Wallis test for data in C, F). The number of worms analyzed for each
genotype is indicated under each box.
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Figure S4. The X domain inhibits evoked neurotransmitter release but not priming. Related to Figure 3.
(A) Example traces of stimulus-evoked EPSCs recorded in ImM Ca?" from UNC-13L rescue (blue) and UNC-
13LAX rescue (red) animals. (B-E) Quantification of the evoked EPSC amplitude, charge transfer, 20-80%
risetime, and decay from the same genotypes as in A. (F) Hypertonic sucrose-evoked current recorded from
UNC-13L rescue (blue) and UNC-13LAX rescue (red) animals. (K) Averaged charge transfer from the sucrose-
evoked currents in F. (L) Quantification of the probability of synaptic vesicle release (Pvr) from the indicated
genotypes. Data are shown as box-and-whisker plots with the both median (line) and mean (cross) indicated (*,
p <0.05, *** p<0.001 when compared to the UNC-13L rescue; Mann-Whitney test for data in E, student’s t-
test for all others). The number of worms analyzed for each genotype is indicated under each box.
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Figure S5. Synaptic recovery and depression in 0.5SmM Ca?*. Related to Figure 4. Averaged synaptic
recovery rescued by UNC-13L and sUNC-13 in ImM Ca*" (A) and 0.5mM Ca?" (B). The recovery rate was
calculated by the ratio of EPSCz to EPSC. in the paired stimulus. (C, D) Comparison of synaptic recovery
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between ImM and 0.5mM Ca?" in the same genotype. (E, F) Quantification of synaptic depression by

normalizing the EPSC amplitude (EPSC;) to the first EPSC amplitude in 0.5mM Ca*". Data are mean + SEM

((*, p<0.05, ** p<0.01 when compared to the UNC-13L rescue; student’s t-test).
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Figure S6. The three small linkers are essential for sUNC-13 function. Related to Figure 5. (A) Cartoon
depicting the domain structure of SUNC-13, Alinkerl, Alinker2, and Alinker3. (B-G) Representative traces and
boxplot of frequency and amplitude of mEPSCs and mIPSCs recorded from the indicated genotypes in 0mM
Ca?". (H-J) Representative traces and summary of the amplitude and charge transfer of the evoked EPSCs
recorded from the indicated genotypes in ImM Ca?*. Data are shown as box-and-whisker plots with the both
median (line) and mean (cross) indicated (***, p < 0.001 when compared to the SUNC-13 rescue; one-way
ANOVA test for data in E, F, G, one-way ANOVA following Kruskal-Wallis test for data in D, I, J). The
number of worms analyzed for each genotype is indicated under each box.
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Figure S7. Tonic release in sUNC-13 rescue but not in cpx-1 mutants is blocked when unc-64/syntaxin-1A
is lacking. Related to Figure 7. (A-D) Representative traces of the mEPSCs and mIPSCs recorded from the
indicated genotypes in 0OmM and 0.1mM Ca?*. (E, F) Averaged frequencies of the mEPSC and mIPSC from the
indicated genotypes. Data are shown as box-and-whisker plots with the both median (line) and mean (cross)
indicated (***, p < 0.001 when compared to sUNC-13;unc-64; n.s., non-significant; one-way ANOVA). The
number of worms analyzed for each genotype is indicated under each box.



Table S1. Summary of the electrophysiological data in this study. Related to Figure 1-7.

Tonic release evoked EPSC [ RRP | P,
mMEPSC (OmM Ca®) mEPSC (1mM Ca®) mIPSC (OmM Ca®") mIPSC (1ImM Ca”) l |
Frequency (Hz) Amplitude (-pA) Frequency (Hz) Amplitude (-pA)| mIPSC (Hz) Amplitude (pA) mIPSC (Hz) _Amplitude (pA) | Amplitude (-nA) Charge (-pC) | Charge (-pC)

Wild type 1.9£0.2 23.2+1.6 435143 23.9+1.1 109+ 1.1 259+ 1.1 425141 2254+2.1 23102 206+ 2.1 2214231 0.09 £ 0.01
unc-13(s69) 0.1+0.01 202+3 0.5+0.09 21.1£2.1 0.1+0.01 221+4.1 0.6 +0.02 215£3.2 0.01+0.01 0.05 £ 0.01 255+7.1 0
UNC-13L 15£04 193+ 1.9 434137 239+ 1.1 10.1+0.9 223122 38.1+3.5 224111 1.7£0.1 15.4£2.6 2374254 0.06 £ 0.01
UNC-13LAX 1.1£0.2 228109 39.1£5.0 222%19 14.3+0.5 248115 449189 24911 2602 26.6+2.9 266+ 47.4 0.1£0.01
UNC-13LAC1 22107 19.3+1.9 423149 20.3:0.8 18.8+2.7 247109 439154 252+1.3 21+0.2 20426  Ref. Michelassiet al. Ref. Michelassi et al
UNC-13LAC2B 2.8+03 209125 434133 244108 258+2.6 25.7+1.7 53.2+4.2 25213 27+0.1 265+ 1.9  Ref. Michelassi et al. Ref. Michelassi et al
UNC-13L(H696K) 1.7£0.3 19.7 £ 3.0 36.3+3.4 20.8+1.8 16.9+ 1.2 252+1.0 44.3£10.6 26027 1.6£0.2 14.7£2.9 n/a n/a
UNC-13L(D3,4N) 2606 248+1.9 41.6+4.2 22711 24.7+4.6 234104 39.1%52 20.9+1.9 2.8+0.1 31.3:4.4 na na
UNC-13L(D3,4E) 0.7 £0.06 202£1.5 46,91 5.0 247116 7709 259+2.0 428134 31.1+28 1.6+0.2 83+13 na n/a
UNC-13L(D1-5N) 4.4+05 252£22 na na 329£1.3 27507 n/a n/a n/a n/a na n/a
UNC-13LACaM 13£0.3 20.1+3.1 na n/a 123+16 27.5+2.1 na n/a n/a n/a na na
UNC-13L(W593R) 1.2+04 19.1+25 n/a n/a 10.9+1.7 265+3.8 n/a n/a n/a n/a n/a n/a
SUNC-13 247+28 221109 411122 235£0.9 453+3.0 249+1.4 453138 23.3£1.0 39102 1245+17.0 241197 0.5+0.07
SUNC-13ALinker 32106 26.9+2.0 41.0+4.2 24.0£26 40.6+3.2 279+ 1.4 419162 245£3.0 32102 34654 303+31.8 0.11£0.02
SUNGC-13AC2A 41£12 236122 327438 19.5+0.8 122+ 1.1 214107 317422 216108 29402 59.7+6.9 262 £ 46.6 0.23+0.02
SUNC-13ALinker1 2.8+04 24.7£1.1 36.6+3.5 247110 21.2+21 27.0%1.2 468139 26213 2502 23.0£2.0 na na
SUNC-13ALinker2 27+1.0 246+24 12529 20712 123+ 1.4 30.5+24 40.5+4.0 284117 1.7£0.14 12.7£2.0 n/a n/a
SUNC-13ALinker3 21+05 238121 312423 244112 10.2+0.9 28.210.9 40.913.1 259+ 1.1 21+03 18.0£2.8 na n/a
unc-64 0.9:0.3 18.8+2.3 64118 155+ 1.3 2206 34.7+24 38.5+6.5 36.5+2.3 0.14 £ 0.05 1.4+0.03 113+158  0.009 + 0.003
UNC-64 rescue 1.6£0.5 26.9+22 352137 22.8+1.8 10.5+0.6 258+ 1.4 46.3+8.1 26324 15£0.2 126+ 1.6 2114257  0.06 +0.007
SUNC-13;unc-64 0.6 +0.07 184+ 1.7 5711 204+15 0.7+0.2 223145 23.0+53 33.3+25 0.15+0.03 1.11+0.03 na n/a
UNC-64(open) rescue 11.9£1.4 20.4+1.0 48953 25116 353£2.7 226+0.9 544135 26.1+1.7 25013 357+28 251+ 29.6 0.14 £ 0.03
SUNC-13;UNC-64(open) 149424 27.0+1.6 468155 229+1.7 27.5+3.1 232+1.3 414142 247+16 321014 84.9% 14.1 285 + 56.7 0.3+0.05
cpx-1 33.8+1.8 17.1£0.9 954165 249+13 31.9£1.6 226+1.0 52.7+39 226+0.7 0.23+0.03 34106 n/a n/a
cpx-1;unc-64 17403 21.0+1.2 56.4+1.9 220+0.6 1.5+ 1.1 243+1.3 731164 303+ 1.9 0.17 £0.02 3.2:05 n/a n/a
tom-1 1.8+0.3 19.4+1.3 458127 23.4+1.0 11.0£1.3 246+0.9 429147 26.3+2.3 38103 109.8+18.7  310.1+31.3  0.36+0.06
tom-1;unc-64 0.65 £ 0.07 30.7+3.9 7.3£038 19.8+2.2 0.98+0.1 27.6+4.0 15.3+3.9 20.7+3.1 0.78£0.2 13.6+4.5 n/a n/a
SUNC-13;tom-1 23.8+3.2 19.1£0.7 n/a n/a 322£4.0 2511 1.6 n/a n/a 31102 107.4 £ 15.9 n/a n/a
UNC-64;unc-13(s69) n/a n/a 0.6 +0.09 20.9+25 n/a n/a 0.4+0.04 23.2135 0.015£0.01  0.055+0.02 n/a n/a
UNC-64(open);unc-13(s69) n/a nla 1.3+£04 21019 n/a nla 9107 225+13 0.06 £ 0.02 0.34+0.13 n/a n/a

All data were collected from 3 independent experiments to ensure the observed phenotypes were replicable. Data are presented as the mean +/- SEM.
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