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SI Materials and Methods
Strains, Plasmids, and Reagents. Strains used in this paper are
summarized in Table S1.
Yeast strain construction. ATG11 was tagged on the chromosome
with triple hemagglutinin (3×HA) at the COOH terminus in
NSY125 strain as described previously (1). Gene deletions were
done as described previously (2). TRS85 was tagged on the
chromosome with yEGFP, and ATG9 was tagged on the chro-
mosome with mCherry at their COOH terminus in relevant
strains as described previously (3).
Plasmid construction. Plasmids used in this study are summarized in
Table S2. For recombinant protein interaction experiments, the
Atg11 coiled-coil domain (CC)2-3 peptide (amino acids 626–859)
was cloned into multiple cloning site 1 (MCS1) of pCDFDuet-1
(EMD Chemicals) in frame with the 6×His tag.
Fusion proteins: To create Atg11-Ypt1/Ypt1-1 fusion con-

structs, the ClaI–BamHI genomic DNA fragment containing the
YPT1ORFwas cloned into pRS315. TheNdeI site was introduced
just upstream of the YPT1ORF by site-directedmutagenesis. This
plasmid was used to introduce T40K mutation. The ATG11 ORF
plus the AASS linker was cloned into the NdeI site, resulting in
pRS315-Atg11-Ypt1/Ypt1-1 constructs. Later these constructs
were subcloned into pRS317 using the NotI and SalI/PspXI re-
striction sites. To makeATG11 expressed under the control of the
YPT1 promoter, we replaced the PstI fragment of pRS315-Atg11-
Ypt1 with the PstI fragment from pGBDU-C2-ATG11, thus put-
ting a stop codon after the ATG11ORF and removing the first 65
amino acids of Ypt1 from the construct as well.
Plasmids used in live-cell microscopy: To construct the yEGFP-

tagged versions of Atg11, Atg8, and Atg1 expressed under the
ADH1 promoter, we first replaced the VF1 coding fragment in
p416-VF1 (4) with yEGFP amplified from pKT127 [received from
the European Saccharomyces cerevisiae Archive for Functional
Analysis (EUROSCARF) (5)], using the BstXI and BspEI sites.
We then used the construct obtained to clone the appropriate
protein-coding sequence in frame with yEGFP. To make the
mCherry-Atg8 chimera expressed under the ADH1 promoter, we
first replaced the VF1 coding fragment in p416-VF1 withmCherry
amplified from pBS34 [obtained from the Yeast Resource Center
(6)], using the XbaI and BspEI sites, and then cloned ATG8 in
frame with mCherry. Later the whole fragment, including the
ADH1 promoter, mCherry, ATG8, and CYC1 terminator, was
subcloned into pRS41H (7) using the SacI and KpnI sites.
Plasmids used in bimolecular fluorescence complementation

(BiFC): The constructs used formulticolor BiFC include theNH2-
terminus of yEVenus (172 amino acids)–Atg11, the Trs85-NH2
terminus of Cerulean (172 amino acids), and the COOH terminus
of yECFP (amino acids 155–238)–Ypt1/ypt1-1/ypt1Q67L. All the
constructs were expressed under the control of the ADH1 pro-
moter and CYC1 terminator and included either a GGGG (Atg11
and Ypt1/ypt1-1/ypt1Q67L) or a GGGS (Trs85) linker. The
plasmids carrying the constructs were pRS416, pRS415, and
pRS413, respectively. The fragment length was selected in
accordance with previously published methods (8). To make ex-
pression constructs for the YFP-N-Atg11, YFP-N-Atg1, YFP-N-
Atg11ΔCC2, and YFP-N-Atg11ΔCC3 chimeras, the VF1 coding
fragment in p416-VF1 was replaced by the fragment encoding
the 172 NH2-terminal amino acids of yEVenus amplified from
pKT103 [received from EUROSCARF (5)] using the SpeI/
XbaI and BspEI sites. Then ATG11 or ATG1 was cloned down-
stream and in frame with this fragment, or ATG11ΔCC2 and
ATG11ΔCC3 were subcloned from pNS1387 and 1388,

respectively. For the Trs85-CFP-N chimera, we first cloned the
fragment encoding 172 amino acids of Cerulean amplified from
pBS10 [obtained from Yeast Resource Center (9)] into p415-VF2
(4) instead of VF2, using the BspEI and XhoI sites, followed by
cloning TRS85 without the upstream stop codon. To construct Y/
CFP-C–tagged Ypt1, ypt1-1, ypt1Q67L, and Y/CFP-C-Atg1, the
fragment encoding amino acids 155–238 of yECFP amplified from
pKT102 [received from EUROSCARF (5)] was inserted into
p416-VF1 using the SpeI/XbaI and BspEI restriction sites and
replacing VF1. Then the piece containing the ADH1 promoter,
amino acids 155–238 of yECFP, and the CYC1 terminator was
subcloned into pRS413 using PvuII. Finally Ypt1, ypt1-1,
ypt1Q67L, or Atg1 was cloned downstream of and in frame with
amino acids 155–238 of yECFP. For the Atg19-Y/CFP-C con-
struct, ATG19 was cloned into p415-VF2.
All chemical reagents were purchased from Fisher Scientific,

except for the following: Media components, other than amino
acids, were purchased from US Biological; ProtoGel for Western
blots from National Diagnostics; amino acids, GDP, and GTPγS,
p-nitrophenyl phosphate, and protease inhibitors from Sigma-
Aldrich; glutathione Sepharose 4B beads from Amersham Bio-
sciences; EDTA-free protease inhibitor mixture from Roche
Diagnostics; glass beads from BioSpec Products; restriction en-
zymes and buffers from New England BioLabs; isopropyl-β-D-
thiogalactopyranoside (IPTG) from ACROS Organics; and DTT
from Invitrogen.
Antibodies used in this study included rabbit anti–GAL4-AD,

rabbit anti–GAL4-BD, mouse monoclonal anti-GFP (Santa Cruz
Biotechnology); mouse monoclonal anti-HA (Covance); rabbit
anti–glucose-6-phosphate dehydrogenase (G-6-PDH; Sigma-
Aldrich), rabbit anti-GST (Molecular Probes), mouse monoclonal
anti-HIS (R&D Systems; goat anti-rabbit HRP and goat anti-
mouse HRP (GE Healthcare); anti-ApeI (10); and affinity pu-
rified rabbit anti-Ypt1 (11).

Yeast Culture Conditions and Viability Analysis. For yeast two-hybrid
assays (Fig. 1 and Fig. S1), haploid cells were transformed with
the relevant activation domain (AD) (pACT2) and binding
domain (BD) (pGBDU-C2) plasmids and were mated. Diploid
cultures were grown overnight at 26 °C in minimal synthetic
dextrose medium, normalized to the same density by OD600, and
spotted onto agar plates in serial dilutions. Plates for the yeast
two-hybrid assay, indicated in figure legends, were incubated at
26 °C. Medium preparation and yeast culture growth for nitro-
gen-starvation shift experiments were done as described (12).
Growth of the diploids is shown on synthetic dextrose-Ura-Leu
plates, whereas interaction is shown on synthetic dextrose-Ura-
Leu-His plates; one or two 10-fold dilutions are shown from top
to bottom. Empty AD and BD plasmids (Φ) served as negative
controls for interaction.

Protein Level Analyses. To determine the expression level of yeast
two-hybrid constructs, overnight cell cultures (4.5 × OD600) were
spun down, resuspended in 100 μL of Laemmli buffer, boiled,
vortexed with an equal volume of glass beads, and subjected to
immunoblot analysis with anti–GAL4-AD, anti-HA, or anti–
GAL4-BD. To check the level of GFP-tagged proteins or fusion
constructs, exponentially growing cell cultures (7 × OD600) were
spun down, resuspended in 100 μL of Laemmli buffer, boiled,
vortexed with an equal volume of glass beads, and subjected to
Western blot analysis with anti-GFP or anti-Ypt1. Preparation of
yeast lysates for Ape1- and Atg8-GFP–processing analysis was
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done as described (13). Quantification of bands was done using
ImageJ software (National Institutes of Health).

Coprecipitation Analyses. Preparation of proteins for coprecipita-
tion: Bacterially expressed GST-Ypt1, GST-Ypt1-1, or GST (as
a negative control) proteins were expressed from pGEX-KT and
purified as previously described (14). GST-tagged proteins were
purified on glutathione agarose beads and loaded with GDP or
GTP. The beads were incubated with lysates from yeast cells
expressing full-length Atg11-3×HA or from bacterial cells ex-
pressing His6-tagged Atg11-CC2-3. To prepare lysates from
yeast cells expressing Atg11-3×HA, cells (200 × OD600) were
spun down, washed twice with ice-cold water, resuspended in 10
mL of buffer containing 100 mM Tris·HCl (pH 9.4) and 20 mM
DTT, and incubated for 15 min at 30 °C. Then cells were spun
down, resuspended in 4 mL oxaliticase buffer [1 M sorbitol, 50
mM Na2PO4 (pH 7.4), 0.05 mg/mL oxaliticase], and incubated
for 30 min at 30 °C with gentle mixing. Spheroplasts were
pelleted by centrifugation at 4,000 × g for 5 min and were re-
suspended gently in 3 mL of ice-cold lysis buffer [20 mM Hepes
(pH 6.8), 150 mM KOAc, 4 mMMgOAc, 250 mM sorbitol, 0.2%
Triton X-100, 1 mM PMSF, and complete protease inhibitor
mixture]. Protein lysate was aliquoted and stored at −80 °C. To
prepare recombinant His-Atg11 CC2-3, BL21 cells were trans-
formed with pCDF-Duet-1-Atg11 CC2-3, induced with 0.4 mM
IPTG at OD600 0.6–0.8 for 4 h, collected by centrifugation, re-

suspended in lysis buffer [50 mM PBS (pH 7.5), 1 mM PMSF,
0.5% Triton X-100], and lysed by sonication.
Coprecipitation of Atg11-3×HA or His-Atg11 CC2-3 with

GST-Ypt1 or GST-Ypt1-1 was done as previously described
(15), using GTP-γ-S instead of GTP. After precipitation, the
levels of GST, GST-Ypt1, and GST-Ypt1-1 were determined by
immunoblot analysis using anti-GST antibody, and the level of
Atg11-HA or His6-tagged Atg11-CC2-3 that coprecipitated with
the GST-tagged proteins was determined using anti-HA or anti-
His6 antibodies, respectively.

Alkaline Phosphatase Activity Assay. The alkaline phosphatase
activity assay of Pho8Δ60 was done as previously described (16).

Microscopy. Live-cell microscopy was done as follows: Wild-type
(NSY125) and ypt1-1mutant (NSY2) cells carrying constructs for
GFP- or mCherry-tagged protein expression were grown to mid-
log phase in appropriate selective media. Fluorescence micros-
copy was carried out using a deconvolution Axioscope microscope
(Carl Zeiss) with FITC (GFP) and TexasRed (mCherry) filter sets.
To visualize protein interactions in BiFC and multicolor BiFC
assays, NSY128cells carrying the appropriate expression con-
structs were grown to midlog phase in appropriate selective media
and visualized using a deconvolution Axioscope microscope with
the filters optimized for the visualization of YFP and CFP (8).
Immunofluorescence microscopy using affinity-purified anti-Ypt1
antibodies was done as previously described (11).
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Fig. S1. Yeast-two hybrid interaction with Ypt1 requires CC2 and CC3 of Atg11. Ypt1 and Ypt1-GTP (Q67L) were cloned into the AD vector. Atg11 and
mutants missing one of its four CC domains (CC1, CC2, CC3, or CC4) were cloned into the BD vector. Both the wild-type and the GTP-restricted form of Ypt1
interact with Atg11, Atg11ΔCC1, and ΔCC4 but not with Atg11ΔCC2 and ΔCC3 (growth is shown on the left and interaction on the right). (Bottom Left)
Immunoblot analysis shows expression of the Atg11 proteins. Results are representative of at least two independent experiments.
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Fig. S2. Ypt1, Trs85, and Atg11 localization and multicolor BiFC controls. (A) The intracellular localization of the Ypt1-1 mutant protein is similar to that of the
wild type. Ypt1 localization was determined by immunofluorescence microscopy using anti-Ypt1 antibody in wild-type (Upper) and ypt1-1mutant (Lower) cells.
DIC, differential interference contrast. (B) Atg1 shows a positive protein-fragment complementation assay (PCA) with Atg11 but not with Ypt1. BiFC is seen
only for Atg1 and Atg11 (Right) but not for Atg1 and Ypt1 (Left). (C) Atg11-CC2 and Atg11-CC3 are required for BiFC of Atg11 with Ypt1. BiFC with Ypt1 is seen
only when YFP-N is tagged to wild-type Atg11 and not to Atg11ΔCC2 or Atg11ΔCC3 (Left). In contrast, BiFC with Atg19 is seen for wild-type Atg11, Atg11ΔCC2,
and Atg11ΔCC3 tagged with YFP-N (Right). (D) Localization of Trs85 to multiple puncta. (Left) Endogenous Trs85 tagged at its C terminus with GFP localizes to
multiple puncta. (Scale bar, 5 μm.) (Right) Trs85-GFP is functional. Yeast cells expressing Trs85-GFP from the chromosome are resistant to nitrogen starvation.
Yeast cells carrying wild-type TRS85 (as a positive control), TRS85-GFP, or the trs85Δ allele (as a negative control) were shifted to medium without nitrogen, and
viability was tested at the indicated times. Viability is shown as percent of viability at day zero. Although trs85Δ cells are sensitive to nitrogen starvation, cells
expressing Trs85-GFP are as resistant as wild-type cells. Error bars represent SD. Results are representative of at least two independent experiments.
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Fig. S3. Quantification of GFP-tagged Atg11, Atg8, and Atg1 proteins in wild-type and ypt1-1–mutant cells. (A) Quantification of micrographs used for Fig.
3A. (B) The level of proteins used for microscopy in Fig. 3A was determined by immunoblot analysis using anti-GFP antibody. G6PDH is shown as a loading
control. (C) Quantification of micrographs used for Fig. 3C. Results are representative of at least two independent experiments.
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Fig. S4. The role of Ypt1, Trs85, and Atg11 in autophagy. (A) Overexpression of Ypt1, but not Ypt31, can suppress the Ape1-processing defect of trs85Δ
mutant cells. The experiment was done as described in Fig. 4A, except that trs85Δ cells were transformed with 2μ plasmids: empty plasmid (−), a plasmid
overexpressing Ypt1 (1), or Ypt31 (31). (B) The growth defect during nitrogen starvation of the atg11Δtrs85Δ double-deletion mutant cells is not more severe
than that of the single-deletion mutants. The viability of wild-type and atg11Δ, trs85Δ, atg11Δtrs85Δ, and ypt1-1 mutant cells was determined before and after
the shift to medium without nitrogen. Shown is the percent of live cells 2 and 4 d after the shift compared with the number of cells before the shift. Both
atg11Δ and trs85Δ single-deletion cells exhibit an intermediate nitrogen-starvation growth defect phenotype between that of the wild-type and ypt1-1mutant
cells. The trs85Δ atg11Δ double-deletion mutant cells exhibit a growth defect similar to that of trs85Δ. (C) Trs85-GFP colocalizes with Atg9-mCherry. En-
dogenous Trs85 and Atg9 were tagged on the chromosome with GFP and mCherry, respectively. Shown from left to right are DIC, GFP, mCherry, and merged
images. All the Trs85 puncta (green) puncta (arrowheads) overlap with the Atg9 puncta (red) (arrows). There are more red Atg9 puncta than the green Trs85
puncta. (D) The localization pattern of Atg9 is altered in ypt1-1 and trs85Δ mutant cells. (Upper) Endogenous Atg9 was tagged on the chromosome with
mCherry, and cells were visualized in the mCherry channel. At least 200 cells were visualized for each strain. (Lower) The number of Atg9 dots per cell is lower
in trs85Δ and ypt1-1mutant cells than in wild-type cells. Error bars in B and D represent SD. Results are representative of at least two independent experiments.
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following compartmental markers were tagged on the chromosome with RFP: Sec13-ER-ES (endoplasmic reticulum exit sites), COP1 (cis Golgi), Anp1 (Golgi),
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are representative of at least two independent experiments.

Table S1. Yeast strains used in this study

Strain Alias Genotype Source

NSY468 PJ69-4A MATa trp1-901 leu2-3,112 ura3-52 his3-200 gal4Δ gal80Δ GAL2-ADE2
LYS2:GAL1-HIS3 met2::GAL7-lacZ

(1)

NSY752 PJ69-4α MATα trp1-901 leu2-3,112 ura3-52 his3-200 gal4Δ gal80Δ gal2-ade2
lys2::gal1-his3 met2::gal7-lacZ

(1)

NSY125 DBY1034 MATa his4-539 lys2-801 ura3-52 (2)
NSY2 ypt1-1 (DBY1803) MATa his4-539 lys2-801 ura3-52 ypt1-T40K (3)
NSY128 DBY4975 Matα ade2 his3Δ200 leu2-3,112 lys2-801 urs3-52 D. Botstein
NSY825 BY4741 MATa leu2Δ0 ura3Δ0 his3Δ1met15Δ0 (4)
NSY1440 trs85Δ NSY825 TRS85Δ::HYGRO This study
NSY1499 atg11Δ NSY825 ATG11Δ::KAN This study
NSY1500 trs85Δ atg11Δ NSY825 ATG11Δ::KAN TRS85Δ::HYGRO This study
NSY1508 ATG11-3xHA NSY125 ATG11-3xHA::KAN This study
NSY1524 TRS85-yEGFP NSY825 TRS85-yEGFP::KAN This study
NSY1523 ATG9-mCherry NSY825 ATG9-mCherry::HYGRO This study
NSY1525 TRS85-yEGFP,ATG9-mCherry NSY825 TRS85-yEGFP::KAN ATG9-mCherry::HYGRO This study
NSY1526 trs85Δ ATG9-mCherry NSY825 TRS85Δ::KAN ATG9-mCherry::HYGRO This study
NSY1527 ypt1-1 ATG9-mCherry NSY55 (MAα his3-200 ura3-52 leu2-3,112 ypt1-T40K) ATG9-mCherry::KAN This study
NSY1528 TN124 MATa leu2-3,112 trp1 ura3-52 pho8::pho8Δ60 pho13::LEU2 (5)
NSY1529 atg1Δ in TN124 NSY1528 ATG1Δ::KAN Y. Liang
NSY1530 TN124 trs85Δ NSY1528 TRS85Δ::HYGRO This study
NSY1531 TN124 atg11Δ NSY1528 ATG11Δ::KAN This study
NSY1532 TN124 trs85Δ atg11Δ NSY1528 ATG11Δ::KAN TRS85Δ::HYGRO This study

1. Huh WK, et al. (2003) Global analysis of protein localization in budding yeast. Nature 425:686–691.
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Table S2. Plasmids used in this study

Plasmid Alias Genotype Source

pNS196 pACT2 2μ, LEU2, Ampr Clontech
pNS1377 pACT2-YPT1 This study
pNS1378 pACT2-YPT1-T40K This study
pNS1375 pACT2-YPT1-S22N This study
pNS1374 pACT2-YPT1-Q67L This study
pNS1376 pACT2-YPT1-D124N This study
pNS206 pGBDU-C2 2μ, URA3, Ampr (1)
pNS1373 pGBDU-C2-ATG11 This study
pNS1385 pGBDU-C2-ATG11-CC2-3 This study
pNS1386 pGBDUC1-ATG11ΔCC1 This study
pNS1387 pGBDU-C1- ATG11ΔCC2 This study
pNS1388 pGBDU-C1- ATG11ΔCC3 This study
pNS1389 pGBDU-C1- ATG11ΔCC4 This study
pNS1390 pGBDU-C2-SEC4-Q79L This study
pNS1391 pGBDU-C2-YPT31-Q72L This study
pNS1392 pGBDU-C2-YPT6-Q69L This study
pNS1348 pBS10 Cerulean-HYGRO, Ampr (2)
pNS1320 pBS34 mCherry-KAN, Ampr (3)
pNS719 pRS317 CEN, LYS2, Ampr (4)
pNS243 pRS313 CEN, HIS3, Ampr (5)
pNS245 pRS315 CEN, LEU2, Ampr (5)
pNS1359 p416-yEGFP-ATG11 This study
pNS1360 p416-yEGFP-ATG8 This study
pNS1361 p416-yEGFP-ATG1 This study
pNS1340 p416-VF1 (6)
pNS1341 p415-VF2 (6)
pNS1362 p416-mCherry-ATG8 This study
pNS1364 pRS315-YPT1 This study
pNS1365 pRS315-YPT1-T40K This study
pNS1366 pRS315-ATG11-YPT1 This study
pNS1367 pRS315-ATG11-YPT1-T40K This study
pNS1368 pRS317-YPT1 This study
pNS1369 pRS317-YPT1-T40K This study
pNS1370 pRS317-ATG11-YPT1 This study
pNS1371 pRS317-ATG11-YPT1-T40K This study
pNS1372 pRS317-YPT1 promoter-ATG11- -YPT1 terminator This study
pNS1380 p413-Y/CFP C-YPT1 This study
pNS1381 p413-Y/CFP C-YPT1-T40K This study
pNS1382 p413-Y/CFP C-YPT1-Q67L This study
pNS1383 p416-YFP N-ATG11 This study
pNS1384 p415-TRS85-CFP N This study
pNS1412 p416-YFP N-ATG11ΔCC2 This study
pNS1413 p416-YFP N-ATG11ΔCC3 This study
pNS1409 p415-ATG19-Y/CFP C This study
pNS1410 p416-YFP N-ATG1 This study
pNS1411 p413-Y/CFP C-ATG1 This study
pNS274 YEp24 2μ, URA3, Ampr New England Biolabs, MA
pNS489 YEp24-YPT1 (7)
pNS229 YEp24-YPT31 (8)
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