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Supplementary Table 1.  Yeast strains used in this study 

 

Name Genotype Background Figure 

YKM752 atg8::TRP1 atg4::hphNT1 atg40::natNT2 BJ3505  1a 

YKM770 SEC63-EGFP-kanMX4 BY4741 1b 

YKM1079 
SEC63-EGFP-kanMX4 rtn1::zeoNT3 rtn2::hphNT1 yop1::natNT2 

atg40::CgHIS3 
BY4741 1b 

YKM1964 ADE2 ura3::ADH1pro-OsTIR1-9Myc-URA3 spo7-aid*-3HA-hphNT1 W303-1A 
1c, Suppl 

1d 

YKM1965 
ADE2 ura3::ADH1pro-OsTIR1-9Myc-URA3 spo7-aid*-3HA-hphNT1 

rtn1::kanMX4 yop1::zeoNT3 
W303-1A 

1c, Suppl 

1d 

YKM1979 

ADE2 ura3::ADH1pro-OsTIR1-9Myc-URA3 spo7-aid*-3HA-hphNT1 

rtn1::kanMX4 yop1::zeoNT3 his3::pRS303-GPDpro-YOP1-

mCherry 

W303-1A 
1c, Suppl 

1d 

YKM1980 

ADE2 ura3::ADH1pro-OsTIR1-9Myc-URA3 spo7-aid*-3HA-hphNT1 

rtn1::kanMX4 yop1::zeoNT3 his3::pRS303-GPDpro-ATG40-

mCherry 

W303-1A 
1c, Suppl 

1d 

YKM939 SEC63-EGFP-kanMX4 atg40::natNT2 BY4741 
2b, c, 

Suppl 1c 

YKM2064 
ADE2 leu2::GFPplus-ATG8-hphNT1 atg40::zeoNT3 his3::pRS303-

CUP1pro-ATG40-mCherry 
W303-1A 

2d, Suppl 

2b 

YKM2066 
ADE2 leu2::GFPplus-ATG8-hphNT1 atg40::zeoNT3 his3::pRS303-

TEFpro-TMD-GST-40C-mCherry 
W303-1A 

2d, Suppl 

2b 

YKM2067 
ADE2 leu2::GFPplus-ATG8-hphNT1 atg40::zeoNT3 his3::pRS303-

TEFpro-TMD-40C-CCdimer-mCherry 
W303-1A 

2d, Suppl 

2b 

YKM2068 
ADE2 leu2::GFPplus-ATG8-hphNT1 atg40::zeoNT3 his3::pRS303-

TEFpro-TMD-40C-CCtrimer-mCherry 
W303-1A 

2d, Suppl 

2b 

YKM2069 
ADE2 leu2::GFPplus-ATG8-hphNT1 atg40::zeoNT3 his3::pRS303-

TEFpro-TMD-40C-mCherry 
W303-1A 

2d, Suppl 

2b 

YKM1931 
ADE2 leu2::GFPplus-ATG8-hphNT1 his3::DsRed-HDEL-HIS3 

atg40::zeoNT3 
W303-1A 2e 

YKM1560 ADE2 ATG40-EGFP-kanMX6 ypt7::mCherry-ATG8 (G116)-zeoNT3 W303-1A 3a 

YKM2076 
ADE2 ATG40-EGFP-kanMX6 ypt7::mCherry-ATG8 (G116)-zeoNT3 

atg1::hphNT1 
W303-1A 3a 

YKM1470 ATG40-EGFP-kanMX6 ATG1-2xmCherry-hphNT1 BY4741 3b, c 



YKM1562 ATG40-EGFP-kanMX6 ATG1-2xmCherry-hphNT1 atg2::zeoNT3 BY4741 3b 

YKM1564 ATG40-EGFP-kanMX6 ATG1-2xmCherry-hphNT1 atg8::zeoNT3 BY4741 3b 

YKM1581 ATG40-EGFP-kanMX6 ATG1-2xmCherry-hphNT1 atg14::zeoNT3 BY4741 3b 

YKM1807 atg40(Y242A M245A)-EGFP-kanMX6 ATG1-2xmCherry-hphNT1 BY4741 3c 

YKM1387 
kanMX4-ADHpro(truncated)-ATG40-mCherry-hphNT1 his3::GFP-

ATG8 (G116)-zeoNT3  
BY4741 3d 

YKM792 ATG40-TEV-3FLAG-kan BJ3505  4b 

YKM1709 ATG40-TEV-3FLAG-kan atg1::zeoNT3 BJ3505  4b 

YKM1670 ATG40-TEV-3FLAG-kan atg2::zeoNT3 BJ3505  4b 

YKM1657 ATG40-TEV-3FLAG-kan atg8::zeoNT3 BJ3505  4b 

YKM1674 atg40 (Y242A M245A)-TEV-3FLAG-kan BJ3505  4b 

YKM1868 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int kanMX4-

ADHpro(truncated)-ATG40-mCherry-zeoNT3 ura3::pRS306-

Z4EVpro-4xATG8 (G116A)-EGFP 

W303-1A 4c 

YKM1869 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int kanMX4-

ADHpro(truncated)-atg40 (Y242A M245A)-mCherry-zeoNT3 

ura3::pRS306-Z4EVpro-4xATG8 (G116A)-EGFP 

W303-1A 4c 

YKM1988 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int atg40::zeoNT3 

ura3::pRS306-Z4EVpro-4xATG8(G116A)-EGFP YOP1-2xmCherry-

hphNT1 his3::pRS303-ADHpro-ATG40-mTurquoise2 

W303-1A 4d 

YKM2062 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int atg40::zeoNT3 

ura3::pRS306-Z4EVpro-4xATG8 (G116A)-EGFP his3::pRS303-

TEFpro-TMD-GST-40C-mTurquoise2 YOP1-2xmCherry-hphNT1 

W303-1A 4e 

YKM1948 
ADE2 ypt7:2xmTagBFP2-ATG8-hphNT1 YOP1-2xmNeonGreen-

zeoNT3 his3::pRS303-ADHpro (truncated)-ATG40-mCherry 
W303-1A 4f 

YKM1978 
ADE2 ypt7:2xmTagBFP2-ATG8-hphNT1 his3::pRS303-ADHpro 

(truncated)-ATG40-mCherry ura3::pRS306-ADHpro-GFP-HDEL 
W303-1A 4f 

YKM1638 ATG8-EGFP-kanMX6 atg4::hphNT1 atg40::natNT2 BJ3505 
5c, Suppl 

2a, 6e 

YKM853 RTN1-EGFP-kanMX4 atg40::natNT2  BY4741 
Suppl 1a, 

6c, 6f 

YKM777 
SEC63-mCherry-kan rtn1::zeoNT3 rtn2::hphNT1 yop1::natNT2 

ATG40-EGFP-HIS3MX6 
BY4741 Suppl 1b 

YKM936 SEC63-EGFP-kanMX4 BY4741 Suppl 1c 



YKM1653 atg8Δ::EGFP-kanMX6 atg4Δ::hphNT1 atg40Δ::natNT2 BJ3505 
Suppl 2a, 

6e 

YKM1475 
kanMX4-ADHpro (truncated)-ATG40-mCherry-hphNT1 his3::GFP-

ATG8 (G116)-zeoNT3 YOP1-2xmTagBFP2-HIS3MX6 
BY4741 Suppl 3a 

YKM1153 
ATG8 wt-T-P-kanMX ATG40-EGFP-HIS3MX6 ATG1-2xmCherry-

hphNT1 
BY4741 Suppl 3b 

YKM1154 
atg8 (P52A R67A)-T-P-kanMX ATG40-EGFP-HIS3MX6 ATG1-

2xmCherry-hphNT1 
BY4741 Suppl 3b 

YKM2086 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int kanMX4-ADHpro 

(truncated)-ATG40-mCherry-hphNT1 ura3::pRS306-Z4EVpro-

EGFP-Atg8 (K26P)-CCtetramer atg4::zeoNT3 

W303-1A Suppl 4a 

YKM1986 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int atg40::zeoNT3 

ura3::pRS306-Z4EVpro-4xATG8 (G116A)-EGFP RTN1-2xmCherry-

hphNT1 his3::pRS303-ADHpro-ATG40-mTurquoise2 

W303-1A Suppl 4b 

YKM1987 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int atg40::zeoNT3 

ura3::pRS306-Z4EVpro-4xATG8 (G116A)-EGFP trp1::DsRed-

Express2-HDEL his3::pRS303-ADHpro-ATG40-mTurquoise2 

W303-1A Suppl 4b 

YKM2060 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int atg40::zeoNT3 

ura3::pRS306-Z4EVpro-4xATG8 (G116A)-EGFP his3::pRS303-

TEFpro-TMD-GST-40C-mTurquoise2 RTN1-2xmCherry-hphNT1 

W303-1A Suppl 4c 

YKM2063 

ADE2 leu2::pACT1-Z4EV-NAT-leu2d0-int atg40::zeoNT3 

ura3::pRS306-Z4EVpro-4xATG8 (G116A)-EGFP his3::pRS303-

TEFpro-TMD-GST-40C-mTurquoise2 trp1::DsRed-Express2-HDEL 

W303-1A Suppl 4c 

 

  



Supplementary Table 2.  Plasmids used in this study 

 

Name Description 

pKE135 pRS426-ATG40-6HA 

pKE182 pRS426-ATG40 (C98A)-6HA 

pKE183 pRS426-ATG40 (F2C)-6HA 

pKE184 pRS426-ATG40 (L4C )-6HA 

pKE185 pRS426-ATG40 (S35C)-6HA 

pKE186 pRS426-ATG40 (S113C)-6HA 

pKE255 pRS316-CUP1pro-ATG40-mCherry 

pKE256 pRS316-CUP1pro-YOP1-40C-mCherry 

pKE273 pRS316-CUP1pro-YOP1-40CAIM mut-mCherry 

pKE257 pRS316-CUP1pro-YOP1-mCherry 

pKE258 pRS316-CUP1pro-RTN1-40C-mCherry 

pKE274 pRS316-CUP1pro-RTN1-40CAIM mut-mCherry 

pKE259 pRS316-CUP1pro-RTN1-mCherry 

pKE360 p416-TEFpro-TMD-40C-mCherry 

pKE387 p416-TEFpro-TMD-GST-40C-mCherry 

pKE389 p416-TEFpro-TMD-CCdimer-40C-mCherry 

pKE390 p416-TEFpro-TMD-CCtrimer-40C-mCherry 

pKE422 pRS314-TEFpro-TMD-GST-40C-mTagBFP2 

pKE92 pRS316-ATG40 

pKE93 pRS316-ATG40-EGFP 

pKE131 pRS316-atg40 (Y242A M245A)-EGFP 

pKE108 pRS314-ATG40-6HA 

pKE117 pRS314-atg40 (Y242A M245A)-6HA 

pKE321 pRS316-ATG40-6HA 

pKE342 pRS316-atg40 (1-239)-6HA 

pKE343 pRS316-atg40 (1-239)-LTWEEL-6HA 

pKE344 pRS316-atg40 (1-239)-FTWEEI-6HA 

pKE424 pRS316-atg40 (F238A)-6HA 

pKE425 pRS316-atg40 (Y242A)-6HA 

pKE426 pRS316-atg40 (D243A)-6HA 

pKE427 pRS316-atg40 (M245A)-6HA 

pKE428 pRS316-atg40 (1-245)-6HA 



pKE435 pRS316-atg40 (D247A)-6HA 

pKE436 pRS316-atg40 (Y242A M245A)-6HA 

- pFA6a-AID*-3HA-hphNT1 

pKE340 pRS303-GPDpro-ATG40-mCherry 

pKE341 pRS303-GPDpro-YOP1-mCherry 

pKE296 pRS303-CUP1pro-ATG40-mCherry 

pKE537 pRS303-TEFpro-TMD-GST-40C-mCherry 

pKE538 pRS303-TEFpro-TMD-40C-CCdimer-mCherry 

pKE539 pRS303-TEFpro-TMD-40C-CCtrimer-mCherry 

pKE540 pRS303-TEFpro-TMD-40C-mCherry 

pKE349 pRS306-Z4EVpro-4xATG8-EGFP 

pKE496 pRS303-ADHpro (truncated)-ATG40-mTurquoise2 

pKE536 pRS303-TEFpro-TMD-GST-40C-mTurquoise2 

pKE212 pRS306-ADHpro-GFP-HDEL 

pKE557 pRS306-Z4EVpro-EGFP-Atg8 (K26P)-CCtetramer 

  



Supplementary Table 3.  Oligonucleotides used in this study 

 

Name Sequence 

ATG40-C98A-Fw tcgtttggaagtattGCTttgacaagagagctg 

ATG40-C98A-Rv cagctctcttgtcaaAGCaatacttccaaacga 

ATG40-F2C-Fw catagaaaactaatgTGTaatttaattttatgg 

ATG40-F2C-Rv ccataaaattaaattACAcattagttttctatg 

ATG40-L4C-Fw aaactaatgtttaatTGTattttatggccctta 

ATG40-L4C-Rv taagggccataaaatACAattaaacattagttt 

ATG40-S35C-Fw tcttccgttgacttcTGTaaggcaagtgctgct 

ATG40-S35C-Rv agcagcacttgccttACAgaagtcaacggaaga 

ATG40-S113C-Fw attgcctttatggaaTGTcaaaacaagcttacc 

ATG40-S113C-Rv ggtaagcttgttttgACAttccataaaggcaat 

ATG40 (1-239)-Fw ACCAGCACTGAGTTCCCGggtggtgcagcaggagga 

ATG40 (1-239)-Rv tcctcctgctgcaccaccCGGGAACTCAGTGCTGGT 

ATG40 (1-239)-LTWEEL-

Fw 
accagcactgagttcccgCTGACTTGGGAAGAACTCggtggtgcagcaggagga 

ATG40 (1-239)-LTWEEL-

Rv 
tcctcctgctgcaccaccGAGTTCTTCCCAAGTCAGcgggaactcagtgctggt 

ATG40 (1-239)-FTWEEI-

Fw 
accagcactgagttcccgTTTACTTGGGAAGAAATAggtggtgcagcaggagga 

ATG40 (1-239)-FTWEEI-

Rv 
tcctcctgctgcaccaccTATTTCTTCCCAAGTAAAcgggaactcagtgctggt 

ATG40-F238A-Fw caaaattttaccagcactgagGCTccgaatgattatgattttatg 

ATG40-F238A-Rv cataaaatcataatcattcggAGCctcagtgctggtaaaattttg 

ATG40-Y242A-Fw gagttcccgaatgatGCTgattttatggaggatattc 

ATG40-Y242A-Rv gaatatcctccataaaatcAGCatcattcgggaactc 

ATG40-D243A-Fw gttcccgaatgattatGCTtttatggaggatattctag 

ATG40-D243A-Rv ctagaatatcctccataaaAGCataatcattcgggaac 

ATG40-M245A-Fw cccgaatgattatgattttGCTgaggatattctagatgag 

ATG40-M245A-Rv ctcatctagaatatcctcAGCaaaatcataatcattcggg 

ATG40-D247A-Fw tatgattttatggagGCTattctagatgagaca 

ATG40-D247A-Rv tgtctcatctagaatAGCctccataaaatcata 

ATG40-Y242A M245A-Fw gagttcccgaatgatGCTgattttGCTgaggatattctagat 

ATG40-Y242A M245A-Rv atctagaatatcctcAGCaaaatcAGCatcattcgggaactc 



ATG40 (1-245)-Fw CCGAATGATTATGATTTTATGggtggtgcagcaggag 

ATG40 (1-245)-Rv ctcctgctgcaccaccCATAAAATCATAATCATTCGG 

 

  



Supplementary Table 4.  Peptides used in ITC experiments 

 

Peptides Production Sequence 

Atg40237-252 WT E. coli GPEFPNDYDFMEDILDET 

Atg40237-252 M245A Synthesis EFPNDYDFAEDILDET 

Atg40237-252 D243A D247A Synthesis EFPNDYAFMEAILDET 

Atg40234-252 WT Synthesis YTSTEFPNDYDFMEDILDET 

Atg40234-252 F238A Synthesis YTSTEAPNDYDFMEDILDET 

Atg40234-252 Y242A Synthesis YTSTEFPNDADFMEDILDET 

FAM134B444-470 WT E. coli GPEEDTDTEEGDDFELLDQSELDQIESELY 

FAM134B453-460 (Δhelix) Synthesis DDFELLDQY 

FAM134B444-470 F455A E. coli GPEEDTDTEEGDDAELLDQSELDQIESELY 

FAM134B444-470 L458A E. coli GPEEDTDTEEGDDFELADQSELDQIESELY 

FAM134B444-470 E456A E462A E. coli GPEEDTDTEEGDDFALLDQSALDQIESELY 

SEC62355-376 WT E. coli GPHSSGNGNDFEMITKEELEQQTDY 

SEC62361-368 (Δhelix) Synthesis NDFEMITKY 

SEC62355-376 F363A E. coli GPHSSGNGNDAEMITKEELEQQTDY 

SEC62355-376 I366A E. coli GPHSSGNGNDFEMATKEELEQQTDY 

SEC62355-376 E364A E370A E. coli GPHSSGNGNDFAMITKEALEQQTDY 

RTN3245-264 Synthesis ESPFEVIIDKAAFDKEFKDSY 

RTN3245-253 Synthesis YESPFEVIID 

 

  



Supplementary Table 5.  Data collection and refinement statistics 

 

  Atg40237-252- 

Atg8 

FAM134B450-

468-

GABARAP 

Sec62361-376 -

GABARAP 

RTN3245-264-

GABARAP 

Data 

collection 

     

Space group  P 32 2 1 P 63 P 21 21 21 P 41 21 2 

Cell 

dimensions   

     

    a, b, c 

(Å) 

 74.72, 74.72, 

57.09 

81.89, 81.89, 

33.32 

42.89, 42.89, 

144.01 

137.41, 

137.41, 67.44 

        ()   90, 90, 120 90, 90, 120 90, 90, 90 90, 90, 90 

Resolution (Å)  37.36 – 2.231 

(2.311   – 

2.231) 

40.95 – 1.404 

(1.454 – 

1.404) 

41.10 – 1.999 

(2.071 – 

1.999) 

45.43 – 2.149 

(2.226 – 

2.149) 

Rmerge  0.1406 

(0.5954) 

0.0741 

(0.6313) 

0.1638 

(0.9200) 

0.0723 

(0.8381) 

I / I  13.78 (2.44) 18.80 (2.68) 9.27 (2.02) 20.14 (2.43) 

Completeness 

(%) 

 99.58 (97.91) 97.71 (82.68) 99.73 (98.34) 99.87 (99.28) 

Redundancy  9.6 (7.3) 9.7 (6.5) 6.5 (5.8) 13.2 (13.4) 

      

Refinement      

Resolution (Å)  37.36 – 2.231 40.95 – 1.404 41.10 – 1.999 45.43-2.149 

No. reflections  9227 24601 18676 35698 

Rwork / Rfree  0.2042 / 

0.2199 

0.1915 / 

0.2061 

0.1656 / 

0.1836 

0.2062 / 

0.2299 

No. atoms      

    Protein  1076 1106 2172 3272 

    

Ligand/ion 

 21 6  30 

    Water  42 105 291 96 

B-factors      

    Protein  45.99 28.92 30.61 72.17 



    

Ligand/ion 

 54.62 44.45  124.31 

    Water  44.72 38.64 34.55 57.28 

R.m.s. 

deviations 

     

    Bond 

lengths (Å) 

 0.008 0.006 0.007 0.008 

    Bond 

angles () 

 1.29 0.79 0.91 1.18 

*Number of xtals for each structure is one. *Values in parentheses are for highest-resolution shell. 



Supplementary ImageJ Script 1 

 

//Z-stack images of Atg1-mCherry and Atg40-GFP were named as "Atg1-mCherry.tif" and “Atg40-

GFP.tif", respectively 

 

//find Atg1-mCherry puncta and create a mask image 

selectWindow("Atg1-mCherry.tif"); 

run("Find Maxima...", "noise=500 output=[Single Points] exclude"); 

run("Find Maxima...", "noise=0 output=[Point Selection] exclude"); 

getSelectionCoordinates(xpoints, ypoints);  

  radius=2.5;  

  for (XY=0; XY<lengthOf(xpoints); XY++) {  

    makeOval(xpoints[XY]-radius+0.5, ypoints[XY]-radius+0.5, 2*radius, 2*radius);  

   run("Fill", "slice"); 

  }   

rename("Atg1-mCherry-mask"); 

 

//find Atg40-GFP puncta and create a mask image 

selectWindow("Atg40-GFP.tif");  

run("Find Maxima...", "noise=5000 output=[Single Points] exclude"); 

rename("Atg40-GFP-mask"); 

 

//extract Atg40-GFP puncta that colocalize with Atg1-mCherry puncta and count the number of these 

puncta 

imageCalculator("Multiply create", "Atg1-mCherry-mask","Atg40-GFP-mask"); 

rename("merge"); 

run("Analyze Particles...", "display"); 

 

 

  



Supplementary ImageJ Script 2 

 

//Z-stack images of Atg40-mCherry and GFP-HDEL/Yop1-mNeonGreen were named as "Atg40-

mCherry.tif" and "GFP-mNG.tif", respectively 

 

//find Atg40-mCherry puncta and store the ROIs 

selectWindow("Atg40-mCherry.tif"); 

run("Select All"); 

run("Size...", "width=2880 height=2880 depth=1 constrain interpolation=Bilinear"); 

run("Find Maxima...", "noise=2500 output=[Single Points] exclude"); 

run("Find Maxima...", "noise=0 output=[Point Selection] exclude"); 

getSelectionCoordinates(xpoints, ypoints);  

radius=3;  

for (XY=0; XY<lengthOf(xpoints); XY++) {  

  makeOval(xpoints[XY]-radius, ypoints[XY]-radius, 2*radius, 2*radius);  

  run("Fill", "slice"); 

  }   

run("Select All"); 

run("Multiply...", "value=255.000"); 

run("Analyze Particles...", "add"); 

 

//measure the intensities of GFP-HDEL/Yop1-mNeonGreen colocalized with Atg40-mCherry-positive 

autophagosomes 

selectWindow("GFP-mNG.tif"); 

run("Select All"); 

run("Size...", "width=2880 height=2880 depth=1 constrain interpolation=Bilinear"); 

num = roiManager("count");  

roiManager("Show All"); 

for (n=0; n<=num-1; n++){ 

roiManager("Select", n); 

roiManager("Measure"); 

}; 

  



Supplementary ImageJ Script 3 

 

//a Z-stack image of GFP-HDEL/Yop1-mNeonGreen was named as "GFP-mNG.tif" 

//find the GFP-HDEL/Yop1-mNeonGreen-positive ER regions and create a mask image 

selectWindow("GFP-mNG.tif"); 

run("Select All"); 

run("Size...", "width=2880 height=2880 depth=1 constrain interpolation=Bilinear"); 

run("Duplicate...", "title=GFP-mNG-mask"); 

setAutoThreshold("Moments dark"); 

run("Convert to Mask"); 

run("Create Selection"); 

roiManager("Add"); 

 

//measure the total intensity of GFP-HDEL/Yop1-mNeonGreen 

selectWindow("GFP-mNG.tif"); 

roiManager("Measure"); 

 




