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1. Schematic diagram of autophagic pathway.

Drug Treatment

Autophagy Induction

v
l (a) Nucleation —1.y294002

¥y c
ytoplasm
RFP-GFP-LC3-| & @

.'I.. Phagophore
@00

RFP-GFP-LC3-II

(b) Sequestration

/\

; &Y

! Autophagosome

Acidic hydrolases
(c) Fusion ¥ Bafilomycin A1
Lysosome

Autolysosome
l (d) Degradation

- - -» Cell Death Cell Survival

(Modified from ref. 4)

Fig. S1. Schematic diagram of autophagic pathway. Macroautophagy (referred to
as autophagy) is an intracellular catabolic process in which cytoplasmic components
are sequestrated within autophagosomes for bulk degradation by lysosomes." * In the
circumstances of nutrient deprivation or drugs treatment, autophagy could be induced
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both in vitro and in vivo.” There are four major steps in the autophagic pathway after
autophagy induction:

(a) Vesicle nucleation. Vesicle nucleation is characterized by the formation of
cup-shaped, membrane-bounded phagophores.* This process requires type III
phosphatidylinositol 3-kinase (PI3K) and involves a large number of evolutionarily
conserved autophagy-related proteins (ATGs). Ly294002 (Ly2), an PI3K inhibitor,’ is
used to inhibit this step in our studies. Ly2-pretreatment prevents phagophores
formation and reduces the total amounts of autophagosomes and autolysosomes.

(b) Autophagosomes sequestration. Upon phagophores expansion,” 7 bulk
cytoplasm (including dysfunctional mitochondria, fractured endoplasmic reticulum,
mis-folded proteins and so on) is enclosed and sequestrated forming autophagosomes.
Under the transmission electron microscopy, autophagosomes are visualized as
double-membrane bounded vacuoles, containing degenerating components (Fig. 2 in
main text).® Autophagosomes formation can also be examined by the translocation of
microtubule-associated protein 1 Light Chain 3 (LC3) from cytoplasm to the
membrane of autophagosomes.”’ HeLa cells stably transfected with a marker gene,
tandem fluorescent-tagged LC3 (RFP-GFP-LC3, tfLC3)'" was employed to monitor
the LC3 translocation. In the absence of autophagy induction, the LC3 fluorescent
signals are evenly distributed; upon autophagy induction, the punctate fluorescent
signals (LC3 dots) appear as a result of LC3 accumulated on the membrane of
autophagosomes (Fig. 1A in main text). The formation of autophagosomes can also be
examined by immunoblotting analysis of the post-translational processing of LC3
proteins (Fig. 1C in main text). The level of processed form of LC3 (LC3-II) serves as
a read-out of the amount of autophagosomes.

(c) Autolysosomes formation. The autophagosomes eventually fuse with
lysosomes to form autolysosomes. As the GFP signals are quenched at acidic pH
whereas the RFP signals are insensitive to pH changes, the GFP signals disappear
within the acidic lysosomal environment which the RFP signals persist. As a result,
the red fluorescent dots (RFP-LC3 dots) indicate the total of autophagosomes and
autolysosomes, and the co-localized green (GFP) and red (RFP) fluorescent dots
(display as yellow dots in overlapped GFP and RFP images) represent the
autophagosomes. In the present study, the percentage of cells with significant
RFP-LC3 dots was used to represent the LC3 translocation and to measure the
autophagy level. Bafilomycin A1 (Baf), an inhibitor of vacuolar H™-ATPase'', is used
to inhibit the fusion step in our studies. The pretreatment of Baf prevents the
formation of autolysosomes and leads to accumulation of autophagosomes."'

(d) Autolysosomes degradation. Both the inner membrane of autophagosome
and its luminal content will be degraded by lysosomal acidic hydrolases. The
finishing of degradation marks the completion of the autophagic pathway.

However, autophagy may have two divergent consequences for cancer cells: cell
survival or cell death.'” " In recent reports, the accumulation of autophagosomes is
associated with cell death, implying that the autolysosomes degradation step may be

14,1
unnecessary. .
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2. Experimental

a. Materials

i. Chemicals and reagents. dppm (bis (biphenylphosphino)methane) and dpmp (bis
(diphenylphosphinomethyl)phenylphosphine) were purchased from the Strem
Chemicals Inc. (Newburyport, MA, USA). All the other chemicals that were used in
synthesis were purchased from Sigma-Aldrich Chemical Co. (St Louis, MI, USA),
unless otherwise stated. Cisplatin (cis-diammineplatinum(Il) dichloride, Sigma,
P4394), MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide,
Sigma, M2128), Rapamycin (Sigma, R0395), Ly294002 (Sigma, L9908), Bafilomycin
Al (Sigma, B1793) were used. Antibodies, rabbit anti-LC3 (Abgent, AP1802a), rabbit
anti-GAPDH (Cell Signaling, #2118), sheep anti-rabbit [gG HRP-linked antibody (GE
Healthcare, NA931V) were used. Au-1 ([Au(TU),]Cl) was prepared as stated in our
previous study.'® Au-2 ([Au(1,3-bis(2,6-di-i-propylphenyl)imidazol-2-ylidene)]Cl)
was prepared according to literature procedures.'’

ii. Synthesis of Au-3. Au-3 ([(C"N"C)Aus(pu-dppm),]Cl) was prepared as stated in
our previous study.'® "H NMR (400 MHz, CD-CL,): § 1.22 (m, 2H, H%), 4.36 (m, 2H,
H®, 6.54 (d, 2H, H®), 6.86 (t, 2H, H?), 6.91-7.00 (m, 10H, H’, H'® and H*),
7.06-7.10 (m, 6H, H*, H'” and H*), 7.18-7.3 (m, 8H, H'’ and H*"), 7.33 (d, 2H, H®),
7.25-7.51 (m, 6H, H*' and H*), 7.57 (dd, 4H, H"), 7.69-7.79 (m, 7H, H’, H'? and
H"), 8.00 (dd, 4H, H'"). *'P NMR (162 MHz, CD,CL): § 30.98 (dd), 37.26 (dd). MS
(FAB, +ve): 1589 (M+). Anal. Calcd for Ce7HssNP4AusCl - 1/2CHCls: C, 48.10; H,
3.32; N, 0.838. Found: C, 48.59; H, 3.35; N, 1.01.
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Fig. S2. Perspective view of Au-3 ([(C"N*C)Aus(u-dppm):]Cl). For clarity, all the
hydrogen atoms are omitted (except four methylene hydrogen atoms). Non-hydrogen
atoms are represented anisotropically by thermal ellipsoids drawn at 30 % probability
level.
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Fig. S3.'H NMR spectrum for Au-3 showing proton H* shifted to up-field (1.22 ppm)
when compared with the non-shielded proton H° (4.36 ppm) in CD,Cl,.
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iii. Synthesis of Au-4a. Au-4a ([Au(PPh;)Cl]) was prepared according to literature
procedures.’” 'H NMR (400 MHz, CDCls): & 7.48-7.54 (m, 15H). *'P NMR (162
MHz, CDCls): § 33.30 (s). MS (FAB, +ve): 494 (M"). Anal. Calcd for C,gH;sAuCIP:

C,43.70; H, 3.06; Found: C, 43.75; H, 3.15.
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Fig. S4. '"H NMR spectrum of Au-4a in CDCl;.
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Fig. S5.°'P NMR spectrum of Au-4a in CDCls.
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iv. Synthesis of Au-4b. Au-4b ([Auy(u-dppm)Cl,]) was prepared according to
literature procedures.”” '"H NMR (400 MHz, d¢-DMSO): § 4.67 (t, 2H), 7.43 (t, 8H,
H?), 7.51 (t, 4H, H), 7.76 (m, 8H, H"). *'P NMR (162 MHz, de-DMSO): & 27.27 (s).
MS (FAB, +ve): 848 (M+). Anal. Calcd for CpsH»,Au,ClLP;: C, 35.36; H, 2.61; Found:
C, 35.42; H, 2.66.
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Fig. S6. '"H NMR spectrum of Au-4b in dg-DMSO.
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Fig. S7.°'P NMR spectrum of Au-4b in dg-DMSO.
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v. Synthesis of Au-4c. Au-4c ([Auz(u-dpmp)Cl;]) was prepared according to
literature procedures.”’ '"H NMR (400 MHz, d¢-DMSO): & 4.10-4.19 (m, 2H),
4.24-4.34 (m, 2H), 7.18-7.23 (t, 2H), 7.32-7.36 (t, 4H), 7.42-7.47 (m, 4H),
7.55—7.66 (m, 11H), 7.73—7.78 (m, 4H). *'P NMR (162 MHz, ds-DMSO): & 21.86 (t),
24.90 (d). MS (FAB, +ve): 1202 (M+). Anal. Calcd for C3,Hy9AusCL3P5: C, 31.93; H,
2.43; Found: C, 32.03; H, 2.46.
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Fig. S8. '"H NMR spectrum of Au-4c¢ in dg-DMSO.
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Fig. S9.>'P NMR spectrum of Au-4c in de-DMSO.
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b. Cell culture

HeLa, NCI-H460, MDA-MB-231, SUNEI, HepG2, SW480, PLC and HL-60 cells
were obtained from American Type Culture Collection. The tfLC3 cells were the
HeLa cells stably transfected with plasmid encoding RFP-GFP-LC3'° (gift from Prof.
Tamotsu Yoshimori, Department of Genetics, Osaka University Graduate School of
Medicine, Osaka, Japan). HeLa and tfLC3 cells were maintained in Minimum
Essential Medium (MEM, GIBCO) supplemented with 10% Fetal Bovine Serum
(FBS, GIBCO), L-glutamine (2 mmol/L), penicillin (100 unites/mL), and
streptomycin (100 pg/mL). NCI-H460, MDA-MB-231, SUNEI, HepG2, SW480,
PLC and HL-60 cells were maintained in RPMI-1640 Medium (Sigma, R4130-1L)
supplemented with 10% Fetal Bovine Serum (FBS, GIBCO) and L-glutamine (2
mmol/L). Cultures were incubated in a humidified atmosphere of 95 % air and 5 %
CO; at 37 °C.

c. Cell viability assay

The gold(I) complexes, dppm and cisplatin were dissolved in DMSO as a 10 mM
stock before use. HeLa cells (about 8 x 10°/well), NCI-H460 cells (about 1.5 x
10*/well), MDA-MB-231 cells (about 4 x 10%/well) , SUNE1 (about 1.5 x 10%/well),
HepG2 (about 3 x 10*/well), SW480 (about 4 x 10*well), PLC (about 8 x 10*/well)
and HL-60 cells (about 8 x 10%well) were seeded in 96-well flat-bottomed
microplates in supplemented medium and incubated for 24 h. The medium was
replaced with 100 puL. drug-containing medium (serial dilution of each complex from
100 uM to 0.2 uM), and cells were further incubated for 48 h. Then 10 uL MTT (5
mg/mL in water) was added to each well and incubated for 4 h, 100 pL solubilization
solution (10% SDS in 0.01 M HCI) was added to each well for 24 h. The absorbance
of formazan formed was measured at 580 nm by a microplate analyzer (Perkin-Elmer
Fusion a-FP). A vehicle-control (0.2% DMSO) was run in parallel.

d. Autophagy assays22

i. Autophagy-treatment conditions. tfLC3 cells (2 x 10°) were plated in 35-mm
glass-bottomed microwell dishes (MatTek) with supplemented medium 24 h before
gold(I) complexes treatment. According to the cytotoxicities, early stage of treatment
(1 uM at 24 h) which is before the cell death was chosen as the experimental
conditions for the assays. 250 nM Rapamycin (Rapa, 1 mM stock solution in DMSO)
was used as positive control of autophagy. For the experiments using autophagy
blockers, tfLC3 or HeLa cells were pretreated with 10 uM Ly294002 (Ly2, 10 mM
stock solution in DMSO) or 15 nM Bafilomycin Al (Baf, 100 uM stock solution in
DMSO) for 2 h, and then treated with Au-4b or Rapa. The vehicle control (DMSO)
was studied in parallel for comparison.
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ii. Fluorescence microscopy analysis. The tfLC3 cells were examined using the
Zeiss Axiovert 200M inverted fluorescence microscopy. The images are captured by a
Zeiss AxioCam MRc5 CCD camera with Zeiss AxioVision Rel. 4.5 software.
Fluorescent images are analyzed by the software ImagelJ. “Cells with RFP-LC3 dots”
in the main text and figure legends is defined as cells with at least 50 punctate red
fluorescent dots, which indicates the accumulation of autophagosomes and
autolysosomes. “Cells with RFP-GFP-LC3 dots” is defined as cells with at least 20
co-localized red and green fluorescent dots, which indicates the accumulation of
autophagosomes. The percentages of cells with RFP-LC3 or RFP-GFP-LC3 dots were
counted in 6 random non-overlapping fields. Experiments were repeated at least three
times for the calculation of standard deviation.

iii. Western blotting.”* HeLa cells were treated with lysis buffer (20 mM Tris, pH 7.2,
150 mM NaCl, 2 mM EDTA, 10 % glycerol, 1 % Triton X-100, protease inhibitors).
The lysate was centrifuged at 10,000 x g for 10 min followed by heat denaturation for
5 min. Proteins were separated by 12 % SDS-PAGE, and transferred onto a
polyvinylidene fluoride (PVDF) membrane (GE Healthcare). The membrane was
blocked with a TBST buffer (10 mM Tris, pH 7.4, 150 mM NaCl, 0.1 % Tween-20)
containing 5 % bovine serum albumin (BSA, USB) at 4 ‘C overnight. Then the
membrane was incubated with the primary antibodies at room-temperature for 2 h,
washed and incubated with secondary antibodies for 2 h. The immunoreactivities
were detected with the enhanced chemiluminescence plus kit (GE Healthcare).
GAPDH was probed to ensure equal protein loading. Quantitation analysis was done
with the software Imagel.

iv. Transmission electron microscopy. HelLa cells treated with various gold(I)
complexes were harvested and washed with PBS. The cells were fixed by ice-cold
glutaraldehyde (2.5% in 0.1 M cacodylate buffer, pH 7.4) at 4 [] overnight. After
washing with cacodylate buffer, cells were post-fixed in 1 % OsO4 (w/v, pH 7.2) for
30 min at room-temperature. After gradual dehydration with increasing concentration
of ethanol, cells were embedded into agar and polybed resin. Ultrathin sections were
doubly stained with uranyl acetate and lead citrate. The images were examined with a
208S Philips transmission electron microscopy.

e. Statistical analysis

Each experiment was repeated at least three times for the standard deviation
calculation. The statistical significance of the differences was assessed using paired
t-test of Office Excel 2003 (Microsoft) with p value less than 0.05 to be considered
statistically significant.
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