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Supplementary Figure 1 Structural comparisons of the ATG12~ATG5-ATG 16N
complex with related structures. (a) Overlay of the crystal structures of the
ATG12~ATG5-ATG16N complex. The molecules 1 and 2 in P212424 structure are
shown in blue and light blue, respectively, and the structure from the C2 datais in



orange. The pair-wise r.m.s.d.s of all Ca atoms between two of the three structures are
0.86 A, 1.07 A, and 1.18 A between P212121 molecules 1 and 2, P212121 molecule 1 and
C2 structure, and P212121 molecule 2 and C2 structure, respectively. The location of the
loop between B1 and 2 of UFD-1 in ATGS5, which is the only appreciable difference
between the P212124 and C2 structures, is indicated. (b) Stereo view of the simulated
annealing omit map (contoured at 1.50) calculated using a model lacking ATG12 Gly140
and ATG5 Lys130 is shown with the final complete model. (¢) Overlay of the yeast
Atg5—-Atg16N complex (PDB ID: 2DYO) on the ATG12~ATG5-ATG16N structure. Atg5—
Atg16N is shown in magenta and ATG12~ATG5-ATG16N is in the same colors as in
Figure 2. The average pair-wise r.m.s.d. of the Ca atoms between the Atg5—Atg16N
complex and the ATG5-ATG16N part of the complex is 3.45 A. (d) Overlay of AtATG12b
domain-swapped dimer (PDB ID: 1TWZ3) on the ATG12~ATG5-ATG16N structure. An
overview with surface representation for AtATG12b is shown in the left panel. Steric
clashes between the HBR of ATG5 and molecule 1 (turquoise) of AtATG12b dimer are
indicated. An enlarged view is shown in the right panel. Each of the two molecules of
AtATG12b dimer is shown in turquoise or dark gray. The “turn-loop-turn-a2-g4-tail”
segments following B3 strands are swapped in the AtATG12b dimer. The extended 33
strands from both molecules form a 3 sheet by interacting each other. The three
residues in the first turn of the “turn-loop-turn-a2-p4-tail” segment of ATG12 (Asn105-
GIn106-Ser107) as well as the corresponding ones in the extended B3 of AtATG12b
(Asn59-Ser60-Ala61) are indicated with Ca spheres. The average pair-wise r.m.s.d. of
all Ca. atoms between ATG12 and the “monomeric” AtATG12b is 1.8 A.
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Supplementary Figure 2 The F108 mutation in ATG12 causes aggregation of the
recombinant ATG12 protein. The size exclusion column profiles of recombinant maltose
binding protein-fused wild-type ATG12 or ATG12 F108D protein are shown. One
hundred pL of 10 uM protein was injected into a Superdex 200 gel filtration column
equilibrated with 10 mM Hepes, pH 7.0, 300 mM NaCl, and 1 mM DTT (top). SDS-
PAGE gels for the fractions are shown in the bottom panels. The data indicate that high-
molecular-weight species of ATG12 including SDS-resistant dimers and oligomers are
generated by the F108D mutation. The wild-type ATG12 also exhibits an aggregation
tendency.
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Supplementary Figure 3 SDS-PAGE gels of in vitro LC3 lipidation assays carried out
with mutant ATG12~ATG5-ATG16N complexes. (a—d) Kinetic
LC3B~phosphatidylethanolamine formation assays were performed in the absence of
the ATG12~ATG5-ATG16N complex (a), or in the presence of the wild-type complex (b)
or complexes containing mutations in ATGS (c¢) or ATG12 (d). The same assay condition
as described in Figure 1a was used in these experiments. The bands corresponding
LC3B~phosphatidylethanolamine conjugate were quantified as described in
Supplemental Experimental Procedures and are reported in Figures 4b,4c.
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Supplementary Figure 4 ITC data for the ATG12~ATG5-ATG16N mutant complexes
showing no major effects of the mutations on the high-affinity binding to ATG3. (a—d)
ATG3 was injected into cells filled with solutions containing mutant ATG12~ATG5—
ATG16N complexes that have mutations in ATG12 at the interface to ATG5 (a) or on the
exposed surface (b), or in ATGS at the interface to ATG12 (c) or on the exposed surface

(d).
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-SENLFL DCFGSD----GKMVLHRCKT QFSN
---TVFL NNFGID----GQFVVNRIA S S MPS
-QEKLFL DCYSTE----GKMVLHRCKT PPN
-SSQIFC NRYAIR----GEPATISP{CLN Qp:N
-NESLFL KCFSHN----DQFIINRISLQMPN
EGDSVFL RCFKDS---KDQMMIVTRISMT PP
-SESVFL ECFASAD---SKPAVLHRIS KMNpN

Py 2 3 4 5 6

Variable

7 NN

Average Conserved

. - Insufficient data - the calculation for this site

was performed on less than 10% of the sequences.



ConSurf color-coded MSA for ATG5 family members

EOH8N6 | E9H8N6_DAPPU|1-271
Q1DP17|ATG5_COCIM|5-351
QOW3R7 | ATGS_DROME | 1-269
Q4WNAS | ATG5_ASPFU|10-326
AGRE26 | ATG5_AJECN| 5-333
E2BV18|E2BV18_HARSA|1-265
03MQ02 | Q3MQ02_XENLA|1-276
Q3MQ23 |Q3MQ23_CIOSA|1-266
Q75BY9 |ATG5_ASHGO|1-288
Q3MQ11|Q3MQ11_GASAC|1-275
QOFFI2|ATG5_ARATH|1-336
C1BTY2|C1BTY2_ 9MAXTI|1-273
EOVWT9 | EOVWT9_PEDHC|1-266
ATKAI4|ATG5_PICAN|1-275
Q6BVI8|ATG5_DEBHA|4-288
Q2UBM1 | ATG5_ASPOR | 4-322
QOH1YO |ATG5_ HUMAN|1-275

C4QII2|C4QII2_SCHMA|163-515

AS5DCZ3|ATG5_PICGU|1-258
COHB55 | COHB55_SALSA|1-275
Q3MQO08 | Q3MQ08_ORYLA|1-275
F1RDCO | FIRDCO_DANRE | 2-275
Q17IN4|Q17IN4_AEDAE|1-265
AT7SNR5 |A7SNR5_NEMVE |1-276
A7TS83|ATG5_VANPO|1-290
C1BN90 | C1BN90_OMAXT | 1-274
POCM36 | ATG5_CRYNE | 8-339
QOUXNS | ATG5_PHANO| 4-311
ATKAL6 | ATG5_PENCW| 4-317
A1DMAL |ATG5_NEOFI|10-326
Q3MQO04 |ATG5_PIG|1-275
D6W8J7 | D6W8J7_’['RICA| 1-263
012380 |ATG5_YEAST|1-287
Q3MQ21 |Q3MQ21_CALSI|1-269
B7TZ42|B7TZ42_BOMMO|1-264
074971 |ATG5_SCHPO| 4-261
Q59VY1 |ATG5_CANAL|4-278
099J83 | ATG5_MOUSE | 1-275
A3LR68| ATGS_PICST |3-282
Q3MQ09|Q3MQO9_ICTPU|1-275
A1CE93|ATG5_ASPCL|4-321
Q7QGY1|Q7QGY1_ANOGA |1-265
C32ZNT2 | C3ZNT2_BRAFL|1-261
QOCRF3 | ATG5_ASPTN| 4-315
Q6CKE2 | ATG5_KLULA|1-271

E9H8N6 | EQH8N6_DAPPU|1-271
Q1DP17|ATG5_COCIM|5-351
QOW3R7 | ATG5_DROME | 1-269
Q4WNAS | ATG5_ASPFU|10-326
A6RE26 | ATG5_AJECN | 5-333
E2BV18 |E2BV18_HARSA|1-265
Q3MQ02 | Q3MQ02_XENLA | 1-276
03M023|Q3MQ23 CIOSA|1-266
Q75BY9 | ATG5_ASHGO| 1-288
03MQ11|Q3MQ11_GASAC|1-275
QYFFI2|ATG5_ARATH|1-336
C1BTY2|C1BTY2 9MAXI|1-273
EOVWT9 | EOVWT9_PEDHC | 1-266
ATKAI4|ATG5_PICAN|1-275
Q6BVIS |ATG5 DEBHA|4-288
Q2UBM1 | ATG5_ASPOR | 4-322
QOH1Y0 | ATG5_HUMAN | 1-275

C4QII2|C4QII2_SCHMA|163-515

A5DCZ3|ATG5_PICGU|1-258
COHB55 | COHB55_SALSA|1-275
03MQ08 | Q3MQ08_ORYLA|1-275
F1RDCO | FIRDCO_DANRE | 2-275
Q17IN4|Q17INA_AEDAE|1-265
A7SNRS5 | A7SNRS_NEMVE | 1-276
A7TS83|ATG5_VANPO|1-290
CLBN90 | C1BN9O_9MAXT | 1-274
POCM36 | ATG5_CRYNE | 8-339
QOUXNS | ATG5_PHANO| 4-311
A7TKAL6 | ATG5_PENCW| 4-317
A1DMAL |ATG5_NEOFI|10-326
03MQ04 | ATG5_PIG|1-275
D6W8J7 | D6W8J7_TRICA|1-263
012380 |ATG5_YEAST|1-287
Q3MQ21|Q3MQ21_CALSI |1-269
B7TZ42 | B7TZ42_BOMMO|1-264
074971 |ATG5_SCHPO| 4-261
Q59VY1|ATG5_CANAL|4-278
099783 | ATG5_MOUSE | 1-275
A3LR68|ATG5_PICST|3-282
Q3MQ09|Q3MQ09_ICTPU|1-275
A1CE93|ATG5_ASECL|4-321
Q7QGY1|Q7QGY1_ANOGA|1-265
C3ZNT2| C3ZNT2_BRAFL |1-261
QOCRF3 |ATG5_ASPTN| 4-315
Q6CKE2 | ATG5_KLULA|1-271

MAEDREILREI
SASTSAIQQRYV,
MAHDREVLRMI
QVSLSSIQRAV
TPAPSAIQRRY|
MANDREMLRE I
MTDDKDVLRD V|
---MTEIPRKL
MGVVNELRQRT
MADDKDVLRDV
--MAKEAVKYYV
MSEDREVLREI
MATDREVLREV
-MSTSEIISRV
SNELIEIKDKL|
QATLNSIQKAV
MTDDKDVLRDV
CMTDSNILKRYV
MPLEQDIKLHI
MADDKDVLRD V|
MADDKDVLRDV
MADDKDVLRDV
MANDREILREI
MAEDREVLRE I
---MDELRKLYV,
MSEDREVLREV
QSTTILFRRLT
REVTSRLREKYV
RVSLGSIQKAYVY|
QASLSSIQRAV|

EEVS--TPIAPDPFY--LMVPIILUBYF
SECRI--YDQSDPYI--ISIPRILERIL
DEIVG---IKPEPFY--LMISBLERIL
SESRT--YDQTDPYL--TIACPRIIERIL
AECRT--YDKADPYL--ICYPEIVERIL
EETC--ELQGPDPFY--LMVPRILERIF
DELT---EREAEPYY-RLLLPRVER{L
YEVC--STKAPAPVY--LMLPIISESRIL
KLVVQGMPDEQVRCH--LRIPJIEERIL

DEVT---EREAEPYY--LLLPJIVER{L
SDVAS--HPAPPPAL--VLAPEII[eRIL
DFG----- GVSEPFY--LMLPREIQOERIL
DDVH--GLREPDPVY--LLVPRILERIF
ALSNQ----ECPSFY--VAVHRNERIL
DNIKD----- PKEFL--ITVYRINERIF
SESRI--YDQTDPYL--ISYPRITIERIL
DEITE---REAEPYY--LLLPIIVERIL

DEIT---EREAEPFY--LLLPRIVERIL
DEVT---EREAEPYY--LLLPRIVERIL
DETTE---REAEPYY--LLLPRIVER(L

GEPGAG--NACDRYY--IKAPRIYERIL
GDCRT--YDDSDAYL--IQFPMILERIL
SESRT--FDKTDPYL--ISYPRIIERIL
SESRT--YDQTDPYL--TACPRITERIL

MTDDKDVLRD V|
MANDREILREY|
---MNDIKQLL
MAEDREILREV
MANDREVLRE I
DNNKGNIPELL
IDNLAEIKKKL
MTDDKDVLRD V|
DSDIIEIKAKL
MADDKDVLRDYV,
QASLNSIQKTYV
MANDREILRE I
MADDREVLREL
QATLNDIQKAYVY|
---MEELRERYV

DEIT---EREAEPYY--LLLP

--QKVEYL--CTIYhINER(T
DEVT---EREAEPFY--LLLPIIIERIL
SESRT--FDQTDPYL--ISCPRIIERIL
DET----DVEPEEYF--LLIPRLERF
DE--FH----F--=~-=--- LLVPREIQERF
SESRS--YDKTDPYL--ISYPRIIERIL
SIVVPNTPLSEKCYH--IVVILRIEERIL
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PLVTDKVRRHEVRCV
PFILPRLFSFESSSL
PLVTDKVRKYESRYI
PSLLPRLRAFEFSPSL
PFLLPRLRAFFATSL
PLCTEKVKKHFIRHI
TLVTDKVKKHEQKVM
TLFTPKIVEHEFSRHT
VLHLPFVLNKLRGVL
TLVTDKVKKHEHKAM
PLLIPLIKPYFKDSL
PLTLEKVRKHESKHT
PLVTDKIRKQFESRHI
HNSLPAILQFEKPFL
PIYFPSVITYFQKYN
PSLLPRLRAFFASSL
TLVTDKVKKHEQKVM
PLVTEKVIRQESQFS
PLYYADISAYFELSQ
TLVTDKVKKHELKVM
PLVTDKVKKHELKVM
TLVTDKVKKHELKVM
PLVSDKVRKHELRFV
MLVTDKIQRHEQRAYV
MNYIDEILNDLRKFL
PLALEKVRKHFSKHL
PLFIPEIRENLVELA
ALLIHKLHAFFAPSL
PSLLPKLRAFESNFL
PSLLPRLRAFESSSL
TLVTDKVKKHEQKVM
PLVTDKVRKHELRYYV
VNYMPLIWNKIKSFL
PLVMDKVRKHFLRLI
PLVIDKMKRHFLRFI
AQILPNVQRLLAPSI
PTVFPQLIRYFQNFI
TLVTDKVKKHEQKVM
TLKLPAIVEYESAFV
TLVTDKVKKHFLKVL
PSLLPRLRSFFASSL
PLVTDKVRKHELRFV
PLVADKVQRYFLKYT
PSLLPRLUHAFESSSL
ALYLPAIVRKLGNNYV,



E9HBN6 | E9H8N6_DAPPU|1-271
Q1DP17|ATG5_COCIM|5-351
QOW3R7 | ATG5_DROME | 1-269
Q4WNAS | ATG5_ASPFU|10-326
A6RE26 | ATG5_AJECN|5-333
E2BV18 |E2BV18_HARSA|1-265
Q3MQ02 | Q3MQ02_XENLA|1-276
03M023|Q3MQ23_CIOSA|1-266
Q75BY9 | ATG5_ASHGO|1-288
03MQ11|Q3MQ11_GASAC|1-275
QYFFI2|ATG5_ARATH|1-336
C1BTY2|C1BTY2_ 9MAXI|1-273
EOVWTO | EOVWT9_PEDHC | 1-266
ATKAI4|ATG5_PICAN|1-275
Q6BVI8|ATG5_DEBHA|4-288
Q2UBM1 | ATG5_ASPOR | 4-322
QOH1YO |ATG5_HUMAN|1-275

C4QII2|C4QII2_SCHMA|163-515

ASDCZ3|ATG5_PICGU|1-258
COHB55 | COHB55_SALSA|1-275
Q3MQO08 | Q3MQ08_ORYLA|1-275
F1RDCO | FIRDCO_DANRE | 2-275
Q17IN4|Q17IN4_AEDAE |1-265
A7SNR5 |A7SNR5_NEMVE |1-276
A7TS83|ATG5_VANPO|1-290
C1BN90 | C1BN90_OMAXI | 1-274
POCM36 | ATG5_CRYNE | 8-339
QOUXNS | ATG5_PHANO | 4-311
A7TKAL6 | ATG5_PENCW| 4-317
A1DMA1 |ATG5_NEOFI 110-326
Q3MQ04 |ATG5_PIG|1-275
D6W8J7 | D6W8J7_TRICA|1-263
012380 | ATG5_YEAST | 1-287
03MQ21|Q3MQ21_CALSI |1-269
B7TZ42|B7TZ42_BOMMO|1-264
074971 | ATG5_SCHPO| 4-261
Q59VY1|ATG5_CANAL|4-278
©99J83 | ATG5_MOUSE | 1-275
A3LR68 |ATG5_PICST|3-282
Q3MQO09 |Q3MQO9_ICTPU|1-275
A1CE93 |ATG5_ASPCL|4-321
Q7QGY1|Q7QGY1_ANOGA|1-265
C32ZNT2 | C3ZNT2_BRAFL|1-261
QOCRF3 |ATG5_ASPTN|4-315
Q6CKE2 | ATG5_KLULA |1-271

EOH8N6 | E9H8N6_DAPPU|1-271
Q1DP17|ATG5_COCIM|5-351
QOW3R7 | ATG5_DROME | 1-269
Q4WNAS5 | ATG5_ASPFU|10-326
A6RE26 | ATG5_AJECN| 5-333
E2BV18|E2BV18_HARSA|1-265
Q3MQ02|Q3MQ02_XENLA|1-276
03MQ23|Q3MQ23_CIOSA|1-266
Q75BY9 | ATG5_ASHGO|1-288
Q3MQ11|Q3MQ11_GASAC|1-275
QOFFI2 |ATG5_ARATH|1-336
CLBTY2 |C1BTY2 9MAXI|1-273
EOVWT9 | EOVWT9_PEDHC | 1-266
ATKAI4|ATG5_PICAN|1-275
Q6BVIS|ATG5_DEBHA|4-288
Q2UBM1 | ATG5_ASPOR | 4-322
Q9H1YO | ATG5_HUMAN|1-275

C4QII2|C4QII2_SCHMA|163-515

AS5DCZ3|ATG5_PICGU|1-258
COHB55 | COHB55_SALSA|1-275
Q3MQO08 | Q3MQ08_ORYLA|1-275
F1RDCO | FIRDCO_DANRE | 2-275
Q17IN4|Q17IN4_AEDAE|1-265
AT7SNR5 | A7SNR5_NEMVE |1-276
A7TS83|ATG5_VANPO|1-290
C1BN90 | C1BN90_OMAXT | 1-274
POCM36 | ATG5_CRYNE | 8-339
QOUXNS | ATG5_PHANO| 4-311
ATKAL6 | ATG5_PENCW| 4-317
A1DMAL |ATG5_NEOFI|10-326
Q3MQO04 |ATG5_PIG|1-275
D6W8J7 | D6W8J7_’['RICA| 1-263
012380 | ATG5_YEAST|1-287
Q3MQ21 |Q3MQ21_CALSI|1-269
B7TZ42|B7TZ42_BOMMO|1-264
074971 |ATG5_SCHPO| 4-261
Q59VY1 |ATG5_CANAL|4-278
099J83 | ATG5_MOUSE | 1-275
A3LR68| ATGS_PICST |13-282
Q3MQ09|Q3MQO9_ICTPU|1-275
A1CE93|ATG5_ASPCL|4-321
Q7QGY1|Q7QGY1_ANOGA |1-265
C32ZNT2 | C3ZNT2_BRAFL|1-261
QOCRF3 | ATG5_ASPTN| 4-315
Q6CKE2 | ATG5_KLULA|1-271

LEFERHP-----------
FSFEGVP-----------

FSFEGVEB-----------
FSFEGVR---------~--
LEFNGIR----
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YEFNGQR---------~~-
FGMEDVL-----------
FEYEGTP
FDYKGFP
FSCNGSA----------~-

FEFEKVP-----------
LEYETVP-----------
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LESDGMP---------~--
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LEFEEVR---------~--
FEYEGTR--------~-~-~-
FEYEGVB-----------

LEYEGQP-----------
FSFEGVP-----------
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E9HBN6 | E9H8N6_DAPPU|1-271
Q1DP17|ATG5_COCIM|5-351
QOW3R7 | ATG5_DROME | 1-269
Q4WNAS | ATG5_ASPFU|10-326
AGRE26|ATG5_AJECN|5-333
E2BV18 |E2BV18_HARSA|1-265
03MQ02 | Q3MQ02_XENLA|1-276
03M023|Q3MQ23_CIOSA|1-266
Q75BY9 | ATG5_ASHGO|1-288
03MO11|Q3MQ11_GASAC|1-275
QOFFI2|ATG5_ARATH|1-336
C1BTY2 |C1BTY2 9MAXI|1-273
EOVWT9 | EOVWT9_PEDHC | 1-266
ATKAI4|ATG5_PICAN|1-275
Q6BVI8|ATG5_DEBHA|4-288
Q2UBM1 | ATG5_ASPOR | 4-322
QOH1Y0 | ATG5_HUMAN | 1-275

C4QII2|C4QII2_SCHMA|163-515

ASDCZ3|ATG5_PICGU|1-258
COHB55 | COHB55_SALSA|1-275
Q3MQO08 | Q3MQ08_ORYLA|1-275
F1RDCO | FIRDCO_DANRE | 2-275
Q17IN4|Q17IN4_AEDAE |1-265
A7SNR5 |A7SNR5_NEMVE |1-276
A7TS83|ATG5_VANPO|1-290
C1BN90 | C1BN90_OMAXI | 1-274
POCM36 | ATG5_CRYNE | 8-339
QOUXNS | ATG5_PHANO | 4-311
A7TKAL6 | ATG5_PENCW| 4-317
A1DMA1 |ATG5_NEOFI 110-326
Q3MQ04 |ATG5_PIG|1-275
D6W8J7 | D6W8J7_TRICA|1-263
012380 | ATG5_YEAST | 1-287
03MQ21|Q3MQ21_CALSI |1-269
B7TZ42|B7TZ42_BOMMO|1-264
074971 | ATG5_SCHPO| 4-261
Q59VY1|ATG5_CANAL|4-278
©99J83 | ATG5_MOUSE | 1-275
A3LR68 |ATG5_PICST|3-282
Q3MQO09 |Q3MQO9_ICTPU|1-275
A1CE93 |ATG5_ASPCL|4-321
Q7QGY1|Q7QGY1_ANOGA|1-265
C32ZNT2 | C3ZNT2_BRAFL|1-261
QOCRF3 |ATG5_ASPTN| 4-315
Q6CKE2 | ATG5_KLULA|1-271

EOH8N6 | E9H8N6_DAPPU|1-271
Q1DP17|ATG5_COCIM|5-351
QOW3R7 | ATG5_DROME | 1-269
Q4WNAS5 | ATG5_ASPFU|10-326
A6RE26 | ATG5_AJECN| 5-333
E2BV18|E2BV18_HARSA|1-265
Q3MQ02 | Q3MQ02_XENLA | 1-276
03MQ23|Q3MQ23_CIOSA|1-266
Q75BY9 | ATG5_ASHGO|1-288
Q3MQ11|Q3MQ11_GASAC|1-275
QOFFI2 |ATG5_ARATH|1-336
C1BTY2|C1BTY2_ 9MAXI|1-273
EOVWT9 | EOVWT9_PEDHC | 1-266
ATKAI4|ATG5_PICAN|1-275
Q6BVIS|ATG5_DEBHA|4-288
Q2UBM1 | ATG5_ASPOR | 4-322
QOH1YO |ATG5_HUMAN|1-275

C4QII2|C4QII2_SCHMA|163-515

AS5DCZ3|ATG5_PICGU|1-258
COHB55 | COHB55_SALSA|1-275
Q3MQO08 | Q3MQ08_ORYLA|1-275
F1RDCO | FIRDCO_DANRE | 2-275
Q17IN4|Q17IN4_AEDAE|1-265
AT7SNR5 | A7SNR5_NEMVE |1-276
A7TS83|ATG5_VANPO|1-290
C1BN90 | C1BN90_OMAXT | 1-274
POCM36 | ATG5_CRYNE | 8-339
QOUXNS | ATG5_PHANO| 4-311
A7TKAL6 | ATG5_PENCW| 4-317
A1DMAL | ATG5_NEOFI|10-326
Q3MQO04 |ATG5_PIG|1-275
D6W8J7 | D6W8J7_’['RICA| 1-263
012380 | ATG5_YEAST|1-287
Q3MQ21 |Q3MQ21_CALSI|1-269
B7TZ42|B7TZ42_BOMMO|1-264
074971 |ATG5_SCHPO| 4-261
Q59VY1 |ATG5_CANAL|4-278
099783 | ATG5_MOUSE | 1-275
A3LR68| ATG5_PICST |3-282
Q3MQ09|Q3MQO9_ICTPU|1-275
A1CE93|ATG5_ASPCL|4-321
Q7QGY1|Q7QGY1_ANOGA |1-265
C32ZNT2 | C3ZNT2_BRAFL|1-261
QOCRF3 | ATG5_ASPTN| 4-315
Q6CKE2 | ATG5_KLULA|1-271

VHFDK-YPDN
VHFHD-WPEQ
IHFSK-FPED
VHFSD-WPDE
VHFSD-WPDOQ
VHFDK-FPEN
VHFKN-FPAK]
VHFHN-FPT G
LNYSE-DPRD
VHFKN-FPDR
IHFRG-YPCN
VVFGE-FPSE
VHFSK-FPEK
LKYYD-YPIE
LRFSDDYPTD
VHFSD-WPDE
VHFKS-FPEK
VHFSN-YPTD
LRTDN-LPSH
VHFKN-FPER
VHFKN-FPDV
VHFKN-FPEQ
VHFSK-FPED
VHFQK-FPTD
LNYSK-EYPS
VMSGD-FPTE
LHLSN-PPQD
LHTSA-YPTT
VHFSD-WPP -
VHFSD-WPDE
VHFKS - FPEK]
VHFDK-FPEN,|
LVMGD-SLPP
AHFSH-FPEQ
VHFTK-FPE D
LRSGL-FPTT
MKYEPVYPIE
VHFKS-FPE K|
LRYDD-YPSD
VHFKH-FPDR
LHFSD-WPDE
VHFSK-FPDD
VHFQK-FPED
VQFSD-WPDE
LCHGN-KYPP

H1MA L E RDHK /T[]
KRIMAMEKEDS S G LYY
LvISANKKDHNQLLI
KGIMTIAIKED S A GL{J
KRIMTPHIKED S s GLLY
QIVSS!KKDHT QL]
QVINE|fSK KD HK Q LLJ
ETQQG QLYY
KQIMSIA I PDSKTEL|
HVVNDJ!e K KD HK QLYY
KNVMNI¥0 S D QE D LiY
RVLSKIJK KD QN QL{J
QVV SN K KD HN QLL
KLVMNUEIR TD S D D Ef4
KPIMNME E KD S D E LY
KGIMSIHSKEDS S G LEJ
QVINEIKKDHKQLL]
YVINQIIYARDHRQLL
KKIMGI¥IE S/E S K RL{Y
QVINDIAYK KD HK QLLI
QVVND)s K KD H K Q LEY|
QVINDIKKDHK QLLJ
Qv VSalfs K KD HN Q L{Y|
QVINSIHs KKDHKQLEI
KQVMSI¥|LVES 0 QFL
RVLSKIJK KD QN QL{
NRVTNSIRVDLE 2 Gl
KTVMFFA Q0 AD S T 0 LL
KGIMSH KED S s G L{Y
KGIMTI K E[D S A G LLY
RVISDIAsRKDHKQLEI
QIASN{s K KD HN QLY
KAIMSH|VNEARKEL
QIITNI$SS KD HKQLLI
QVMS TS K KD HN Q LLY
SGIIAMEKAETD T YL
KPIMQMEEANT N Q LEY
QV INENLY K KD H K 0 L{Y
KPIMSIASEANS I QL
QVINDIK KD HK QLL|
KGIMSIHIKEDS s G L[|
QVVSAYK KD HN QLL
QVINGIAYK KD HK QLI
KGIMTEAIKED S S GLLJ
KRIMSH¥ I P[DFE A FL

QI INNA

ILKCP-SK
LIRLDPEG
LVKLN-SK
LVRLDADG
LVRLDADG
LMHCQ-NK
LLRCQ-SK
LIRCS-SE
SVPLVRGM
LLHCP-SS
LIPCE-GE
IIRFN-SR
IMHCY-SK
VIPIDQNP
VIPFTYTD
LVRLDAEG
LLHCP-SK
LLSPPVSR
IIPYHYHV
LLHCP-SN
LLHCP-TN
LLHCS-TN
LFRCP-NK
LMRCP-GK
MIPIVDRV
ITIRLN-SK
LLMPNS-I
LIPLDNNN
LVRLDAYG
LVRLDADG
LLHCP-SK
IYKFS-NK
ITPIASSK
LIRCP-TR
LLHCP-NK
ILQMET-M
IISFNEKL
LLHCP-SK
IIPFIYKK]
LLRCS-SS
LVRLDADG
LIRCP-NK
LLHCP-GK
LVRLDADG
ILPLVDGL

GLLHDRFDQFWSANRKLME
SVEEHNLPAYHRIHNTLLL
GLVNEKFDQFWAVNRRLME
AVQODVDLLSFQRISNILLP
AVQEHDFTNFQRISNILIP
GIMNDKFDQFWSVNGRLME
GLONDKFEQFWAINRKLME
GVKMDNFEEFWSINKQFMT
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Supplementary Figure 5 Multiple sequence alignments of ATG12 and ATG5 family
members used for ConSurf analyses in Figure 3. Each sequence is labeled with its
UniProtKB, entry name for Uniprot, and residue range at the left, middle, and right,
respectively, in the left column. Fifty and 45 sequences of ATG12 and ATGS,
respectively, were used to generate the multiple sequence alignments.



Supplementary Note

Cloning, expression and purification of recombinant proteins.

ATG3: The full-length ATG3 coding DNA sequence was cloned into the BamHI-Xhol site
of a glutathione S-transferase (GST)-fusion vector modified from pGEX4T3 (GE).
Protein expression was induced by the addition of 0.2 mM IPTG to transformed BL21
(ADE3) cells growing in LB media at an ODsoo of 0.8, after which the cells were grown at
18°C for 12—16 hours and then harvested. The protein was purified by glutathione
affinity and Source 15Q (GE) anion-exchange chromatography followed by TEV
cleavage and passage over a SD200 column. ATG12: The ATG1252-140 coding DNA
sequence was subcloned into pTXB1 (NEB) using Ndel and BspQl and then was
transferred to a modified pET-Duet-1 vector using Ndel and BamHlI; the resulting vector
expresses the 6xHis-MBP-TEVs-ATG12s2-140-intein-chitin binding domain fusion.
Protein expression was performed as described for ATG3. The fusion protein was
purified by chitin affinity (NEB) and SD200 size-exclusion chromatography followed by
dithiothreitol (DTT)-induced intein cleavage according to the manufacturer's instructions
(NEB). The cleaved protein was further purified on a Source 15S column. The 6xHis-
MBP tag was removed by TEV protease, and the protein was further purified on Source
15S and Superdex 75 (GE) gel-filtration columns. Because ATG12 tended to aggregate
over time, the purified protein was used within 2 days after the final gel-filtration step.
The ATG5-ATG16N complex: The full-length ATG5 coding DNA sequence was cloned
into a 6xHis-MBP vector based on pET Duet-1. The fusion protein was expressed as
described for ATG3. The 6xHis-MBP-TEVs-ATG5 fusion protein was purified by nickel

affinity and SD200 size-exclusion chromatography, treated with TEV protease followed

by Source 15Q anion-exchange and butyl sepharose (GE) hydrophobic
chromatography. The purified ATG5 was then complexed with 6xHis-MBP-TEVs-
ATG16N. Upon completion of TEV cleavage, the complex was further purified on
Source 15Q and SD200 columns. The ATG12-ATGS fusion: The ATG12s2-140 and full-

length ATG5 coding DNA sequences were joined with a linker coding

GlyGlySerGlyGlySer hexa-peptide by PCR and the resulting fusion sequence was

cloned into a MBP-6xHis vector modified from pET15b (Novagen). The fusion protein



was expressed, purified, and complexed with ATG16N as described for ATG5. The
BMOE-cross-linked ATG12~ATG5 conjugate mimic: The ATG1252-149C122N C134S G140C gnd
ATG5C19Q C115L C1288 C223L K130C mytant proteins were purified as described above for the
wild-type of each protein. The purified proteins were buffer-exchanged into 20 mM
Hepes, pH 7.5, 300 mM NacCl, and 5 mM EDTA and then mixed at a concentration of

~250 uM of each protein. A 1.5-fold molar excess of BMOE (Pierce) was added to the
protein solution, which was then incubated at room temperature for 2 hours. The
reaction was quenched by the addition of 10 mM DTT. The reaction solution was mixed
with the 6xHis-MBP-TEVs-ATG16N protein, followed by purification as described for the
wild-type ATG12~ATG5-ATG16N complex. ATG7: The full-length ATG7 coding DNA
sequence was cloned into the Ncol-Sall site of a modified pFastBac1 vector
(Invitrogen); the resulting vector expresses 6xHis-TEVs-ATG7 in insect cells. The
baculovirus was generated using Bac-to-Bac Baculovirus Expression System
(Invitrogen) with this vector and protein expression was carried out in Sf9 (Spodoptera
frugiperda) cells at 27°C for 2.5 days. The expressed protein was purified by nickel
affinity chromatography followed by passage over Source 15Q and SD200 columns.
LC3B: The LC3B1.120 (matured form) coding DNA sequence was cloned into the Nde-
BamHI site of a GST-fusion vector modified from pGEX2T (GE). Protein expression was
carried out as described for ATG3. LC3B was purified on glutathione-sepharose and
Source 15S columns followed by TEV cleavage and SD200 size-exclusion

chromatography.



	MSA-ATG12ATG5.pdf
	Alignment-ATG12
	Alignment-ATG5-page1
	Alignment-ATG5-page2
	Alignment-ATG5-page3
	Alignment-ATG5-page4
	Alignment-ATG5-page5


