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Fig. S1. Atg20 is essential for the efficient initiation of A

nonselective autophagy. Wild-type and atg20A cells
were monitored using the (A) Pho8A60 assay and (B)
GFP-Atg8 processing assay (strains ZFY202 and
YAB87). (C) The vacS8A and atg20A vac8A strains
were examined for prApel maturation (strains
HPYO081 and HPY082) as described in the legend for
Figure 1C.
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Fig. S2. Multiple sequence alignment of Atg20 proteins from three fungi that are often used in
autophagy studies. Phosphorylation (P) and acetylation (Ac) sites for the S. cerevisiae sequence
are marked. Predicted BR and MoRF regions from the S. cerevisiae sequence are boxed in green

and purple respectively. Black asterisks show the amino acid residues mutated in the
Atg20[Aroma] mutant.
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Fig. S3. Functionality and binding properties of Atg20 mutants. (A) The prApel maturation in
atg20A vac8A (HPYO079) cells transformed with the plasmids pCuGFP(426), pCuGFP-
Atg20(426),  pCuGFP-Atg20[AFR](426), = pCuGFP-Atg20[A380-480](426), pCuGFP-
Atg20[A533-632](426) or pCuGFP-Atg20[Aroma](426), cultured in rich selective medium and
then nitrogen starved for 0.5 h. Statistical significance was tested by unpaired two-tailed
Student's t-test. The p values less than 0.005 were considered to be significant (***). (B) Kinetics
of prApel maturation after the shift to nitrogen starvation medium for the indicated times.
Deletion mutants of Atg20 were compared to empty vector and wild-type Atg20. (C) Kinetics of
GFP-Atg8 processing during nitrogen starvation for the indicated times. The atg20A (D3Y009)




cells were transformed with the plasmid pCuGFP-Atg8 (426) and the plasmid pCuPA(424),
pCuPA-Atg20(424), pCuPA-Atg20[AFR](424), pCuPA-Atg20[A380-480](424), or pCuPA-
Atg20[A533-632](424). Error bars represent standard deviation from 3 independent experiments.
(D) Deletion of Atg20 FR weakens the interaction between Atg20 and Atgll. The plasmids
pCuPA(424) or pCuPA-Atg20(424) were transformed into atg20A (D3Y009) cells and co-
expressed with a plasmid encoding GFP-Atgll (pCuGFP-Atgll; 416) under the CUP1
promotor. The large GFP tag at Atgll completely abolished interaction with the deletion mutant
of Atg20. Cells were cultured in SMD media and cell lysates were prepared and incubated with
IgG-Sepharose for affinity purification. The proteins were separated by SDS-PAGE and detected

with monoclonal antibody that recognizes HA or PA or GFP.
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Fig. S4. Multiple sequence alignment of Atg20 proteins from various fungi. The alignment was

created in the BioEdit Sequence Alignment Editor (1). The most conserved acetylated lysine



(K218) and phosphorylated serine (S307) in S cerevisiae are marked. The black and red lines

above the sequences denote the span of the PX and BAR domain in S. cerevisiae, respectively.
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Fig. S5. Probing the conserved motif g2sNLEXW in Atg20. (A) The plasmids pCuGFP(426),
pCuGFP-Atg20(426) or pCuGFP-Atg20[L627A/W630A](426) were transformed into MKO
(YCY123) cells and co-expressed under the CUP1 promotor with a plasmid encoding PA-Snx4

(pCuPA-Snx4; 424). Cells were cultured in SMD, and cell lysates were prepared and incubated
with 19G-Sepharose for affinity purification. The proteins were separated by SDS-PAGE and
detected with monoclonal antibody that recognizes GFP or PA. (B) PrApel processing assay.
The atg20A (D3YO009) strain was transformed with the plasmid pCuGFP(426), pCuGFP-
Atg20(426) or pCuGFP-Atg20[L627A/W630A](426). The atgllA strain (SEY6210) was used as
a negative control. Cells were cultured in rich selective medium and cell lysates were TCA

precipitated. Proteins were detected by Apel and Pgkl antibody after separation on SDS-PAGE.
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32 3,603.7 1.8024 3.586.7 3.585.7 K
K218
B Blons B+H BAH3 BH20 AA Y Ions Y+H YNH3 Y-H2 Y K226
1 1144 515 L 20114 10064 19941 19931 17
2 2612 1314 F 18980 194950 18810 18600 15 | |B Blons B+2H  BAH3 BHO AA  Ylons Y+#H  YAH3  YHO Y
3 3582 1796 P_A7510 8160 17339 10330 5 | | 4460 90,0 N1 12716 6363 12546 12536 12
4 BS052N 2531 M+16 16539 (8275 16369 16359 14 - - ‘
5 U60630 B30378 5883 T 15060 (7539 14899 14889 13 2 2621 2614 vy 11566 (5788 11396 11386 1i
6 DUA9AN 3602 7014 L 14058 7034 13888 13078 12 | |3 3364 3194 3184 G 9935 (49730 (9765 9755 10
7 83250 WA1GTN 8145 1 12927 (6469 12757 127147 11 | |4 WS062N 2536 4892 4882 K+42 | | 4688 9195 9185 9
8 NS295) Wa653N 9115 P MA7T97 (50037 14626 14617 10 | |5 UEG3FN 2071 5762 5752 S5 7664 3837 7494 7484 3
S 10266 51380 10085 P M0B26 5018 10655 10645 ° | o pomgmn 3537 6803 (6883 1 U6TOA 402 6623 6614 7
10 MAS97 NS00 14216 1 19856 4933 9685 0675 6 S e =
11 1237 BG180 12187 P U825 43670 8554 igsas 7 | |/ DBOTAN 4042 7904 7894 T LM 2836 5493 mx 6
12 13657 W683AN 13477 £ (540 3882 7584 7574 6 | |0 WBGAMN WASETN 8474 8464 G (46520 482 M12 S
13 15359 WWGSMN 15188 15178 K+42 6464 3237 6294 6284 5 | |9 NOSUMN 4762 9344 19334 s 4082 39120 3902 4
14 16649 8330 16479 16469 Q+1 4763 2386 4502 4583 ¢4 10 M0385 N51970 10214 10205 s 312 304.2 3032 3
15 17519 WBIGSN 17349 17339 5 72 A1 302 3292 3 | i1 quagsE DS633 1085 44005 S 2344 A4 2164 2
16 18650 WO330N 18480 18470 1 2602 1306 2432 2 | :
7 20114 10064 19941 19934 K 1474 741 1304 1 12716 6363 12546 12556 K 1474 1304
K277 K372
B+H  BAH3  BHX Yions  Y+H  YAMH3  YHO Y Blons B+2H  BAH3  BH2 AA  Ylons  Y4H  YAH3  YHO Y

66.5 20801 10405 20631 20621 17
1234 19490 19750° 19320 19310 16

AA

'l' 88.0 445 70.0
1736 3282 1 1830 9185 18189 18180 15

E

F

L

N+1

2351 1181 2174
336.2 1686 3184
4502 2256 4332 4322
5463 5453
3467 6753 6743
4107 8034 8024

27383 13696 27213 27203 22
26513 13261 26342 26332 21
25042 12526 24872 24862 20
24031 12024 23861 23851 19
11450 22721 227111 B8
2176.0 10885 21590 21580 17
2047.0 10240 20299 20290 16

2381 4512 17349 18680 17179 17169 14
3116 6043 16059 8034 15888 15879 13

368.2 174 14588 (7299 14418 14408 1

4257 8334 18324 13457 167340 13287 13217 11

r
i
[
|
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6923

2 =5 = =3 - 8204
S WHIOB ST 1ios iAts . 0 swar ise toipq o| || WSS 42 $104_ oit4_D 1SS LMAL 1S01S 19009
BN 6233 17250 WUOSE | WSESN BESS 9305 hensew o| | MMM 5497 10814 WSS v 18030 BNNNN 17%9 17859 14
1307 B 50T 15207 BSeA BRN 5174 haiedy | |0 MENEE WENENN 12516 WOSOD ka2 16403 6209 16238 16228 I3
2 14513 BN 1AAA7_ 14533 W BENSN 3672  71c3 WEESAN o | | W BN 1705 WEWRG o 14707 MEEEN 14537 14527 12
O 1508 W 55 1508 © ESEBBN St 6023 Woaime 5| |7 MM BNENN 15427 15017 Y MOREN SSEEES 13256 13246 11
4 17199 BB60AN 17028 17018 E (4903 2456 4733 4123 4| o BN 16717 16707 € BN 590 WIMGHGI WENGHSI 10
5 18529 WD 18159 18149 1 USBIZN 1814 3442 3432 3| [ 18028 NEEESN 17858 17848 W MOS05 ES2SHN W335 0525
T 19340 BN IS0 15160 T BN A Bl ei 3| [0 19159 EEENN 18983 13979 L 9365 4683 9185 9185 6
T 20001 0005 2000 2L K 1A TAl 1uf T 15 20000 MOWSD 20119 20100 L (8234 4122 8064 18054 7
17 21440 MOI25] 21270 21260 D (71031 3557 6933 6923 6
1822500 MAS001 22420 22410 Wil 2082 5183 5
8 23160 4585 22000 22080 G 2006 4633 3
N 24201 MRASM 24121 24111 1 2121 4062 3
2 25022 M296H 25752 25742 Y 3102 1556 2931 2
2 27383 13696 27213 27203 K 1414 741 130 1

Fig. S6. Fragmentation tables as they appear in the Scaffold program for acetylated lysines (K22,
K75, K218, K226, K277, and K372) in Atg20. The presence of acetylated lysine (K+42) is
confirmed by b and/or y ions that are highlighted in red and blue color.



K502 K532
B Blons B+  BMH3 BH20 AA  YIns Y43  YAH3  YH20 Y ||B Blons B+  BANH3  BH2 AA  Ylons  Y4H  YAH3  YH2 v;
1 1141 515 25382 25372 21| |1 880 445 700 S 24302 12156 24131 24122 23
12 2434 12241 2251 24251 24241 20| |2 W22SAN 1134 2071 H 23431 14724 23264 23254 22|
|3 N3N 1576 296.2 22960 22950 19 3 3264 163.6 30840 T 22064 11035 218941 218381 21|
4 TMEZN 216 4252 4242 22250 22240 18 [+ A39ZN 2201 4212 1 21050 10530 20880 20870 20
|5 5513 2794 5402 5392 20969 20959 17 |5 65338 2771 5362 5353 N 19920 19965 19749 19739 19
6 W6T3) 3362 6543 | 6533 19819 19809 16 | [G66M4N 33370 6493 6483 L 18779 9395 18609 18599 18
|7 BBOD3N 4007 (7833 7823 18679 18669 15 |7 (954N N39820 7784 7774 E 17648 8829 17478 17468 17|
'8 9634 482.2 9464 9454 17388 17378 14| |8 9515 [EGEBE 9345 933.5 R 16358 8184 16188 16178 16
|9 MA33S 5673 11165 14155 15758 15748 13 |9 10486 N52480 10315 10305 P 14797 7403 14627 14617 15
10 12485 6248 12315 12305 00 14057 14047 12 10 11626 058180 11456 11446 N 13826 (6918 13656 13646 14
1 13476 6743 13306 13296 Vv 12006 12896 11 |11 12766 W638@N 12596 12586 N 12686 (6348 12516 12506 13
12 14626 WUINEN 14456 14446 D 14916 14906 10 [12 13907 W6958N 13737 13727 N 11545 (5778 11375 11365 12|
13 15907 79580 15737 15727 K . (54730 10765 0755 9 | 13 14917 WT4GAN 14747 147307 T 8 11|
4 17038 8524 16868 16858 I 9655 4832 9484 9475 8 |14 15488 NUMASN 15317 15307 G 10|
115 1,816.9 WO09N 17999 17989 I 8524 4267 8354 8344 7 |15 16358 N8I84N 16188 16178 S 9|
16 19319 9665 19149 19139 D 7393 3704 7223 7243 6 16 16928 NB4B9N 16758 16748 @ 8
117 20460 Mi0235 20289 20280 N (6243 3126 607.2 6063 5 | |17 17498 NBISAN 17328 1738 6 [ 7
|18 21750 M088OF 21580 21570 E 510.2 2556 493.2 4922 4|18 19199 FO605Y 19029 19019 K+42 [ 6
19 23220 WAGES 23050 23040 M+16 3812 1911 3642 3632 3 |19 20070 10040 19899 19800 S © 5
20 24091 M20800 23920 23911 S 2341 1176 21174 2164 2 |20 24700 10855 21530 21520 Y 4
21 25552 12784 25382 25372 K 1471 741 1301 121 22270 11140 22100 22090 @G 3|
‘ 2 22841 11425 22670 226614 G 2|
23 24302 12156 24131 24122 K 1]
K590
[B Blons B+  BAM3 BHO AL Yions  Y4H  YAHI  YHO Y K613
1 1300 655 120 E 27874 27704 27694 24
[2 2431 1224 2251 1 26584 26414 26404 23
3 W22l 1866 3542 E 25453 25283 25213 2
(4 5002 250.6 14832 4822 Q 24163 23992 23983 21| |B Blons B4+2H  BAH3  BHXO  AA  Ylons  Y4H  YAH3  YHO Y |
[> BN 3072 593 WSUSSE L 22652 22012 22102 0|y 4300 55 1120 E 19160 9585 18000 18980 15|
¢ m700MW 3507 16833 6823 S 21754 24584 24574 © -
|7 m82mAm 4152 8124 814 E 20884 20111 20704 15 | |2 W2BG2N 1436 (2691 (2681 R 17869 8940 17699 17689 14
[ W45878 8904 8984 S 19501 19420 19410 17| 3 F4IS2N 2081 3982 3972 E 16308 8159 16138 16128 13
[ 5153 10125 40115 L 18720 18550 18540 16| 4 [STA3N 2576 4972 4963 v 15018 7514 14848 14838 12
5798 1A415 14405 E 17589 17419 17408 15| 5 G200 NSISAN 6123 6113 D 14027 (7019 13857 13847 1
e R Y 16120 1619 | ¢ [gapan WSIATN 7253 7284 L 12877 (64AA. 12707 12697 1
12 13587 6798 13416 13407 T 15138 15128 13 = - :
13 MABLT WEMAAN 14700 14697 E 14128 14118 12 7 BN 4152 8124 8114 s 11746 5878 11576 11566 9
14 16027 W80A0N 15857 1.5847 N+l 12837 12827 11| |8 [OSBMN 4797 9414 9404 E 10876 (5443 10706 10696 8
|15 1.717.8 18594% 17007 1.6998 D 44687 14677 10| |9 10715 NS3IGBN 10545 10535 1 9585 4798 9415 9405 7
16 18308 9159 18138 18128 L 10537 10527 9 | |10 11846 W5928 11676 11666 5 8215 6|
17 19500 NOBOAN 19429 19419 9406 9396 & | 1 13547 WGTGN 13377 13367 7144 5
18 20419 20409 V 8115 8105 7 = :
s T : e e o | 2 14918 7464 14748 14733 M6 5452 SM3 ¢
5984 5| |13 16548 WEOTON 16378 16368 Y UA2520 2131 4082 (40720 3
T a4 17419 8714 17248 17239 S 12622 1316 2454 2444 2
315 19160 9585 18990 18980 R 1751 88.1 158.1 1]
2 |
2 27814 13942 1304 1 I

Fig. S7. Fragmentation tables as they appear in the Scaffold program for acetylated lysines
(K502, K532, K590, and K613) in Atg20. The presence of acetylated lysine (K+42) is confirmed
by b and/or y ions that are highlighted in red and blue color.
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S45 , S49 S139
B Blons B+2H B-NH3 B-H20 AA Y Ions Y+2H Y-NH3 Y-H20 Y
B Blons B+H  BNH3 BHO AA Ylons Y#H  YAH3  YHXO Y| 4 40214 515 840 T 26374 13191 26201 26194 25
1 151 9.0 N 12586 608 12015 12405 u| 2 1891 950 e
! 2842 S .| 8 & of
L 17 1550 6 145 4275 AA265 1) e 1054 3712 s 23359 23189 23179 22
3 an 2501 v 10875 10705 10695 9 s as62 2236 4282 G 22489 22319 22308 21
4 s na [ 9714 9704 8 | & 5333 26741 51520 s 21919 21749 24738 20
5 p49s2y 4781 4771 S+80 9144 9134 7 7 N6463N 3237 6283 1 21048 2,087.8 2.086.8 19
5752 == = 5 W7e04N 3807 7434 7424 N 19918 19747 19738 18
6 WS9N2N W2SGEN | L B TATA WTAGAT S | o copmmm 4542 9104 9004 S+80 18777 1.860.7 18597 17
7 72050 F3B0TR 7033 7023 K 6503 6493 S5 o pqopam wesTam 10574 10564 Mr16 17107 16037 16927 16
8 WBABMN 4247 8314 8304 K 2104 52220 (5212 4 11 MABBS 5947 11714 44704 N 15637 1546.7 15457 15
9 M0154 050820 9984 9974 S+80 7 3041 3032 3 12 Mi24551 W62328 12285 12275 G 14496 14326 14316 14
5567 a2 - 13 Mi3745) WBBTE@N 13575 13565 E  1.3926 13756 1.3746 13
i) L o _ 25 4756 N73830 14585 14576 T  1.2636 12466 12456 12
1 12586 6298 12415 12405 K 147 1304 1| [ S SR 15456 15116 5 IS 11455 DRNNaS 11
16 Mi6336 WET3N 16166 16156 A 10755 10585 10575 10
17 17207 W8608N 17036 17027 S 10045 9874 9865 9
15 WSO WO254W 18327 18317 E L9174 9004 8994 38
T144 19 MI978:8] WOB9OW 19617 19607 E L7884 3947 7714 7104 7
20 20758 M0384 20588 20578 P : 6423 6413 6
21 21628 MWBISI 21458 21448 S 5453 5443 5
Fiiplen |BYA [BAel BYRO) (AR |Wiem [YPAL YN |XED Y 1% 22610 EEEEEE 22440 22450 v s 4582 4573 4
11024 515 840 T 26051 26041 25| 53755459 mamSMl 23319 23309 s 3762 1886 3592 3582 3
; 1894 95.0 7y s 25040 2.503.0 g 24 24630 12320 24460 24450 N 2892 1454 2724 2
: & ::;f ig:j '; iv;;;g 5‘332;2 5 B 2634 13191 26204 26191 R 4751 884 158 1
5 4462 2236 4282 G 22169 22159 21
6 W5333N 2671 5152 s 21598 21589 20
7 W6A6EN 3237 62830 1 20728 20718 19 S145
8 BW60MN 3807 7434 7424 N 19507 19587 18
9 WBATMN 4242 8304 8294 s 18457 AaAAT 17| [BABlensa pRiAl B G EONAON ol AN [ e BYER L LRGP0 S Y
10 WO785N 4897 9614 9604 M 17587 17577 15 L 1021 51.5 84.0 T 26041 26031 25
11 M0935 5472 10765 10755 N+1 16276 16266 15| | > 1891 850 11 s 25030 25020 24
12 4505 5758 14335 14325 G 15126 15116 14| | o 3022 1516 ___ 241601 241509
13 M2795 §s4030 262. 2615 E 1.455. 4546 13 4 3Bg2n 1951 371.2 S 2.302.9 .301.9 22
e e 1 i e o= ee 1 |5 462 2236 4282 6 22159 22149 21
. - o -~ - - - 8 5333 267.1 515.2 s 2,158.9 21579 20
L 15476 WNENE 1506 15206 S 11455 11445 L) 7 e 3237 6283 1 20718 20708 19
16 W6186 8098 16016 16006 A 10585 10575 1 s gggoMm 3807 7434 7424 N 19587 1.057.8 18
17 MJ057) W8533W 16886 16877 S 9874 9865 9 o mmamMm 4242 8304 8204 S 18447 1.8437 17
18 834 9179 18177 18167 E 19004 8994 3 | 10 NO7BSN 4807 9614 9604 M 1757.7 17567 16
10 637 WOB2AN 19467 19457 E 7714 7704 7 |11 MW925 5468 10755 10745 N 16266  1.6256 15
20 20608 0308 20438 20428 P 6423 6413 6 |12 MM495 5753 11325 44315 G 15126 15116 14
21 21478 M0T44 21308 21298 S 5453 5443 5 | 13 M2786 639.8 12615 1.260.6 E A455.6 14546 13
22 22469 MA2400 22299 22289 V 4582 4573 4 | |19 V37961 WG903W  1.362. 3616 T 3265 13255 12
23 23339 14675 23169 23159 S 3592 3582 3 i: 1.546.6 STI3EN :“.m' :-fg : 5100 ﬁ; m‘;;‘; E
24 24480 12245 24309 24300 N 2724 2 MESTES WBOSSE  1.600.6  1.599.
25 26221 13115 26051 26041 R 1754 881 1584 1] (17 17047 WHSEEN 1.687.7 1.686.7 S 987.4 WOBGSN 9
| 15 m®@3sm 9174 18167 18157 € 9004 18994 8
19 9628 WOB1ON 19457 19448 £ 7714 7704 7
20 20598 0304 20428 20418 P 6423 6413 6
S307 21 21468 MOT3® 21298 21288 S 545.3 5443 5
1122 22459 WA235 22289 22279 v 458.2 457.3 4
0| Bloe | DA O 12 SO U O A, O 5. YNH3  YH20 Y 33 233290 EEEEEEN 23159 23149 S 359.2 3582 3
11021 515 840 1 3497.6 34966 30| (23 2447.0 12240 24300 24290 N 2724 2
g ;:;-12 195'»1-06 ;::_; ? :;::: -:::-: % 25 26211 13111 26041 26031 R 158.1 1
4 4153 2084 397.2 1 3.196.4 31954 27
5 516.3 258.7 498.3 g 3.083.3  3.082.3 26
6 NE313N  316.2 6133 D 29823 29813 25
7 WEEsAm  389.7 7604 F 2.867.2 2.866.3 24
8 WBOTSH 4462 8735 L 27202 27192 23
9 MW0BS 5038 9885 D 26071 26061 22
10 MA036 5523 1.085.6 P 24921 24911 21
11 M2976  609.3 1.200.6  1.199.6 N 2.395.1 3940 20
12 3316 W6663N 13146 13136 N 2.281.1 ,280.0 19
13 MHEGB 7349 14517 14507 H 2.166.9 1659 18
14 582 7919 15657 15647 N 20299 20288 17|
15 .768.1 - 8849 751 750.4 w 1.915. 19148 16 |
16 .905 953.4 888. 887. H 1.729.7 17288 15
17 2,034 01800 2.017. 2,016.. E 15927 15917 14
18 2,182 1.0915 .165. 2.164. F A63. 14627 13
9 MAAT0 22640 22631V 3166 13158 12
20 2 11981 78. % & N P ' 12165 11
21 2.562. 2816 2.545. 5441 S+80 103, 11025 10
22 2,649, 1.325.1 32. X 5 S 936.5 135.5 9
25 2736.2 Mi36861 27191 27182 S ; 8494 8485 &
24 2,837. 14191 ,820.. 8 . E . 762.4 '61.4 7|
25 29843 MM926I 2.967.3 29663 F ; 6614 6604 6
2% ,071.3  1.536.2 054, ,053.. s ¥ 514. 5133 S
27 31584 1.579.7 141, 140.. s X 427. 4263 4 |
23 .271.4 6362 .254 . ,253.4 L 357.2 179. 340. 3
29 .368.5 1.684.7 .351.. .350.5 P 2442 122 227. 2
30 .514.6 1.757.8 . 497.6 ,496.6 K 1471 741 130. 1

Fig. S8. Fragmentation tables as they appear in the Scaffold program for phosphorylated serines

and threonines (S45, S49, S139, T144, S145, and S307) in Atg20. The presence of
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phosphorylated serine (S+80) or threonine (T+80) is confirmed by b and/or y ions that are

highlighted in red and blue color.
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S342 ’ ‘ S343
B Blons B+H BNH3 B-H20 AA Y Ions Y+H YNH3 YH20 ¥ B Blons B+2H BNH3 B-H20 AA Y Ions Y+2H Y-NH3 Y-H20 Y‘
1 1141 515 I 20160 10085 1999.0 19980 18 1 1141 1 20150 19980 19070 18
2 2512 1264 H 19029 9520 18859 18849 17| 2 2512 1264 H 19020 18840 1.883.9 17
3 3222 1616 A 17659 17489 17479 16| 3 WB2228 1616 A 17649 17479 17469 16
4 D46eZN 23541 M+16 1.694.8 1.677.8 16768 15 4 WAB9RN 2351 M+16 16939 16768 1.6758 15
5 W5E23N 2917 L 15478 15308 15298 14 5 WSB23M 2017 L 15468 15298 1.5288 14
6 W6794N 134020 P 14347 14177 14167 13| 6 WGI9AN 3402 P 14337 14167 14157 13
7 WI92AN W39678 113377 13206 13197 12| 7 Wi924N 3967 1 133%7 13197 43187 12
S WB80I5N 44530 P 12246 1207.6 12066 11 8 WBSOISE 4453 P 12236 1.206.6  1.2056 11
9 WO46SN WAT3EN G 4215 11105 11095 10| 9 WO46SN 4738 G 14266 11095 14085 10
01,0336 W58 10155 s 10705 10535 10525 9 10 M0338 5173 10155 S 10695 10525 10515 9
i1 12005 600.8 11825 9665 9655 8 11 MA208 560.8 14026 S 19825 19655 9645 &
12 1.287.6 W6443N 1.269.6 7995 7985 7 | 12 Mi28T6 6443 1.269.6 S+80 | 8955 8784 8115 7 |
13 14166 W7OBEN 13996 1.398.6 7124 6| 13 MA1561 7083 13986 13976 Q 7285 7114 6
14 15297 WebAN 15127 15117 3007 5834 5| 14 M5287 W7648N 15117 15107 L [6004" 583.4 5|
15 16428 W82M0W 16258 1.624.8 2442 4703 4| 15 MB4LE WE2UAN 16248 16238 L 14873 4703 4
16 17559 W8N 17388 1.737.9 187.6 3572 3| 16 549 WBITON 17379 17369 L 13742° 357.2 3
17 1.869.0 WO355N 18529 1.851.9 1314 2444 2| 17 18689 W93508 18519 18509 N 2612 2441 2
18 20160 10085 1999.0 1.998.0 741 1304 1) 18 20150 10080 19980 1.997.0 K 1471 130.1 1]
|
S361 T365
B Blons B+H  BNH3 BHO AA  Ylns  Y+H  YAH3  YHO Y | |g Brons B+ BNH3  BH20  AA  Yilons  Y42H YNH3  YHO Y
11680 845 1500 S+80 29914 14962 29743 29734 24| |1 ggo 445 700 S 29914 14962 29743 29734 24
2 2961 1486 2794 2781 K 28244 14127 28073 28064 23| [2 2161  108.6 1991 1981 K 29043 14527 2.887.3 28863 23
33834 1921 3664 3651 S5 26963 13486 26792 26783 22| [3 3032 1521 2864 2852 S 27762 13886 27502 27582 22
4 5302 2656 5132 5122  F 26092 43054 25922 25012 21| (4 4502 2256 4332 4322 F 26892 13454 26722 26712 21
5 6312 3161 6142 6132 T 24622 12316 24451 24442 20| [5 W6302E 3164 6142 6132 T+80 25421 12716 25254 25241 20
6 7453 3734 72830 72130 N 23644 14814 23444 23434 19| [6 7453 3734 72830 72030 N 23614 11814 23441 23431 19
7 WB58MN 4207 8413 8404 1 22474 AA2400 22304 22294 13| |7 WBSSMN NM20MN 8413 8404 1 22474 11240 22301 22291 18
8 WOBTAN 4942 9704 9694 E 21340 M0675 21170 21160 17| |8 WOBTMN WADADN 0704 9694 € z 24170 24160 17
9 MA1S5 5582 10085 10975 Q 20050 10030 19879 19869 15| |° 11155 [S582N 1.0985 1.097.5 @ 1.987.9 19869 16
|10 M2305 6158 12135 42125 » 18769 19390 18509 18589 15| (10 12305 W6I58N 12135 12125 D 18599 18589 15
1l WB938I 6973 13765 M3756 Y 17619 UBBIAN 17448 17439 14| [11 13936 WGOESW 13765 13756 v 17448 17439 14
1 WS2N WIGESE 15045 15037 K 15988 D7999N 15818 15808 13| 12 15217 WWGESN 15046 15037 K 1S8LE 158081 2
5 15407 BBZ5AN 16327 1637 Q T 7359 14537 MA527 12| |13 16497 8254 16327 16317 Q 14537 14527 12
14 18128 W9068N 17958 17948 v 6718 13256 13246 11| (3 18128 NENEE 17958 17948 v 152567 13246 11
= 194l B 1538 1958 ¢ 5003 714626 H6Me 1] |5 19418 NOUNAN 10248 19238 11626 11616 10
16 20559 MO2A 20388 20319 N 5258 10335 Mi0325 o | o 2069 NNNBEN 20308 20388 W1 BN 10525 _°
= 17 21699 M0855 21529 21519 L 9185 9175 8
17 21690 M0850 21519 21509 L 4688 9195 WM 8 | [ onqio0 5650 32650 L 2054 WRBNE
18 22820 MA4HS 22650 22640 L 4122 8064 8054 7 R T Sl
SN e R i D 557 6933 6923 €| | 23980 11995 23810 23800 D 6923 16913 6
: LA L : - 20 25121 12565 24951 24941 N 577.3 5
20 25121 M2565 24951 24941 N+l 2982 5783 5|21 256041 M2854 25521 25614 G 4633 3
21 25601 Mi285M 25521 25511 G 2406 4633 4| (22 26822 138416 26652 26642 I 406.2 3
22 26822 M34N6 26652 26642 1 2121 4062 3| (23 28453 142314 28282 28212 ¥ 29341 2
23 28453 MA2ZM 28282 28212 Y 1556 2934 2| (24 29914 14962 29743 29734 K 1301 1
24 29914 14962 29743 29734 K 741 1304 1
S363 T517
Bi Blons. | B4A1. | B (8420 [ AR | Yionsy e v o | (B Bdees (BAA (B [B4120. |AA |YiIons |X#AL Y3 v [Y
1 880 700 s 15307 703 15226 1517 2| & s aflen 1S 12983 19o19 15
i ? 2074 W X 18718 18709 17
2 B2MGAN 1086 1994 1984 K 14526 LW2681 14356 14346 11| [ paaenn oo INEA Tios A IETE THIEE IrE I
3 B383AN 1921 3661 3651 S+80 13245 6628 13075 13065 10 s — : : o
e 4 51928 260.1 50120 1 15708 7859 15538 1.5528 15
45302 2656 5132 5122 F WMASES! 5793 14405 W35 O | v mpamam 3174 6162 6152 N 14577 BF29AN 14407 14397 14
5 E6328 3161 6142 (61320 T M0105 5057 9935 (9925 8 | ¢ gagmy Go7age 7293 (7283 L 13437 (6723 13266 13257 13
6 WUAS38 3734 (72837 7213 N (0094 4552 8924 [8MA" 7 | 7 ugys4m 4382 8583 8574 E 12306 161581 12136 12126 12
7 WBS5BMN 4297 8413 8404 1 7954 3982 7784 T71A 5 |z 10315 W51628 1.0144 10135 R 11015 5513 10845 10835 11
8 NO8TAN 4942 9704 9694 E 16823 6653 6643 S5 |9 11285 WS648E 11115 11105 P 9454 4732 9284 9274 10
9 M55 5582 10985 40975 Q (15533 '5362° 5353 4 |[10 12426 6218 12255 12246 N (8484 4247 8314 8304 9
110 #2305 NGIS8N 12135 12125 D 14252 4082 4072 3 ||11 13566 NGTEN 13396 13386 N 7343 3677 7173 7163 8
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Fig. S9. Fragmentation tables as they appear in the Scaffold program for phosphorylated serines
and threonines (S342, S343, S361, S363, T365, and T517) in Atg20. The presence of
phosphorylated serine (S+80) or threonine (T+80) is confirmed by b and/or y ions that are
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highlighted in red and blue color. Phosphorylation on Ser361 was confirmed by peptide mass

only.
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A Atg20[10STA]: S45A, S49A, S139A, T144A, T145A, S342A, S343A, S361A, S363A, T365A
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Fig. S10. Schematic representations of Atg20[10STA] and Atg20[4KR]. The representations
depict which post-translational modifications were removed and which remained in the mutated
Atg20[10STA] (A) and Atg20[4KR] (B) proteins.
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Fig. S11. Structural analysis of the sorting nexins Atg20 and Snx4. (A) SDS-PAGE gel showing
the capture of full-length Atg20 only as a heterodimer with full-length Snx4. The full-length
Snx4 can also form homodimers, but no monomeric or dimeric Atg20 can be captured. (B) The
AUC data for the Snx4421-423 homodimer. The molecular mass determined by dynamic light

scattering for this homodimer is 93.3 kDa, which is very similar to the expected molecular mass

of 93.7 kDa.
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Fig. S12. Analysis of the amino acid sequence of Atg20 by predictors (SPINE-D, MFDp2, and
s2D; (2-4)) for intrinsically disordered protein regions. The position of the putative amphipathic

helix (AH) in Atg20 is indicated by a blue arrow.
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Fig. S13. Comparison of predicted amphipathic helices in fungal Atg20 homologs and BAR

domain-containing proteins. (A) AH in Atg20 of K. lactis and C. glabrata formed by amino acids
sequences homologous to the amino acid sequence forming AH in Atg20 of S. cerevisiae. (B)
AH in SH3GL2/endophilin A1 and Amph/mphiphysin (5) are shown for comparison with those
in (A).

19



Atg20 (8. cerevisiae)

PX BAR __ AN
]‘0_ (?34-5’1)(;—;7
§ 0.5 (160-297)  (359-486) . 636)
2 ]
= 001
2 044
Z ]
S 021
0 : : - ‘ : :
0 100 200 300 400 500 600
Residue number
MoRF5 (539-545)
ANCHOR BR10 (534-550)
SNX9 (H. sapiens)
AH PX BAR
1.0
) | (201-214)
= nor c0s
§ 0.8- (250-375) (386-595)
e
o 0.6
o
Q 0.4
g
& 0.2+
0

0 100 200 300 400 500
Residue number

MoRF7 (206)

ANCHOR BR7 (203-208)

PONDR-FIT score

PONDR-FIT score

Amph/amphiphysin (1. melanogaster)

o -
w ©
1 1

=] o
iy ()}
1 n 1 1

A

AH BAR
9-26)

(26-238)

I
=T S
" 1 n

0 100 200 300 400 500 600

Residue number
MoRF1 (11-12)

SH3GL2/endophilin A1 (R. norvegicus)

AT BAR

T

0 50 100 150 200 250 300 35

Residue number

MoRFI1 (8-16)

ANCHOR BR1 (1-10)

0

Fig. S14. Comparative bioinformatics analysis of the amino acids sequences of the BAR proteins
that encompass a membrane-inducible AH. The consensus sequences for the BAR and PX
domains, as determined by protein-protein BLAST, are indicated in blue and purple,
respectively. The position of a particular AH within an IDPR determined by PONDR-FIT is
shown in red. The results of the algorithms MoRFPred and ANCHOR (if any), which determine

the position of a foldable element (termed molecular recognition feature or ANCHOR disordered

binding domain) within an IDPR, is indicated in red for each BAR protein under the

corresponding diagram.
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Fig. S15. Analysis of mutations in the PX, BAR, and BAR-GAP domains of Atg20. (A) The
structural mutants of Atg20 are defective in the Cvt pathway. The atg20A strain (D3Y009) was
transformed with the plasmid pCuGFP(426), pCuGFP-Atg20(426), pCuGFP-Atg20[Y177E
Y180/E](426), pCuGFP-Atg20[I382E Y385E](426), pCuGFP-Atg20[Y469E L472E](426) or
pCuGFP-Atg20[F539E F542E](426). The atgllA (SEY6210) strain was used as a negative
control. GFP, Apel and Pgkl (loading control) were detected from the cell lysate by
immunoblotting. Columns are averages and error bars represent standard deviation from 3
independent experiments. Statistical significance was tested by unpaired two-tailed Student's t-
test. The p values less than 0.005 were considered to be significant (***). (B) PA-Snx4 co-
precipitates all variants of GFP-Atg20. The plasmids pCuGFP(426), pCuGFP-Atg20(426),
pCuGFP-Atg20[Y177E Y180/E](426), or pCuGFP-Atg20[F539E F542E](426) were transformed
into MKO (YCY123) cells and co-expressed under the CUP1 promotor with the pCuPA-
Snx4(424) plasmid. Cells were cultured in SMD, and cell lysates were prepared and incubated
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with 1gG-Sepharose for affinity purification. The proteins were separated by SDS-PAGE and
detected with monoclonal antibody that recognizes GFP or PA. The F539E F542E mutation in
MoRF5/BR10 does not weaken the interaction between Atg20 and Snx4.
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Fig. S16. Analysis of the microsomes and protein input for the in vitro membrane-binding assay.
Upper panel, western blots showing the presence of Atg20 and His-Snx4 in the recombinant
purified heterodimer and the presence of the endoplasmic reticulum marker protein Dpml in
microsomes isolated from snx4A atg20A (SEY6210) cells; lower panel, western blots showing an
equal input of purified heterodimers (wild-type or mutant) that were used in the reconstitution

experiment.
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Table S1. S. cerevisiae strains used in this study.

Name Genotype Reference
CWY230 SEY6210 vac8A::KAN (6)
D3Y009 SEY6210 atg20A::HIS This study
HPY017 SEY6210 atg24A::HIS, atg204::LEU2 This study
HPY063 WLY176 atg20A::LEU2 This study
HPY079 CWY230 atg20A::HIS3 This study
HPY081  Wa303-1B vac8A::URA3 This study
HPY082  W303-1B vac8A::URA3 atg20A::KAN This study
SEY6210 MAT«a leu2-3,112 ura3-52 his3-A200 trp1-A901 lys2-801 suc2-A9 (7)

GAL
W303-1B  MATa« leu2-3,112 ura3-1 his3-11,15 trp1-1, ade2-1 can1-100 (8)
WLY176  SEY6210 phol3A pho8460 This study
YAB87 ZFY202 atg20A::KAN This study
YCY123  SEY6210 9)

atglA, 2A, 3A, 4A, 5A, 6A, TA, 8A, 9A, 10A, 11A, 12A, 13A, 14A,

16A, 17A, 18A, 19A, 20A, 21A, 23A, 24A, 27A, 29A,
YTS147 SEY6210 atgl1A::LEU2 This study
ZFY202  W303-1B phol3A pho8A60 This study
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