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Supplemental Figure Legends

Figure S1. Lithium modulation of lifespan and metabolism.

(A) Lithium extended the lifespan of female w'''® flies (n = 150 flies per condition) at
concentrations of 10 and 25 mM (+13% and +13-18% median and maximum lifespan
extension; p < 0.001), but not at 50 mM (p > 0.05). Similar concentrations of NaCl did

not extend lifespan (see Fig. S1C).

(B) Lithium extended lifespan of male w''® flies (n = 150 flies per condition) at
concentrations of 10 and 25 mM (p < 0.001, log-rank test). 10 mM lithium extended
median lifespan by 18.5% and maximum lifespan by ~4%, while 25 mM lithium
extended median lifespan by 23% and maximum by 13.5%. The higher dose of 50 mM
lithium did not significantly extend lifespan (p > 0.05). Similar concentrations of NaCl did

not extend lifespan (see Fig. S1D).

(C) Concentrations of NaCl similar to those of lithium that promote longevity (see Fig. 1A) did
not extend lifespan of female w'**® flies (n = 150 flies per condition). 50 mM significantly
shortened lifespan (p < 0.05) Note that this experiment was run in parallel to that in Fig.

S1A, hence the lifespan data for controls (LiCl 0 mM) is the same.

(D) Concentrations of NaCl similar to those of lithium that promote longevity did not extend
the lifespan of male w*'*® flies (n = 150 flies per condition). Note that this experiment
was run in parallel to that in Fig. S1B, hence the lifespan data for controls (LiCl 0 mM)

is the same.

(E) Female w''*® flies treated with 10 or 25 mM lithium for 15 days did not show significant
changes in fecundity, while flies treated with 100 mM lithium showed a significant (p <

0.01) reduction. N = 150 females per condition.



(F) Lithium or NaCl —treated flies for 15 days did not show changes in feeding behavior,
except for 100 mM lithium which significantly reduced it (p < 0.05). N = 50 flies per

condition.

(G) There were no significant differences in whole body trehalose levels after 15 days of
lithium treatment of female wP" flies. Bars represent means + SEM of triplicates of 6

biological repeats of 5 flies.

(H) There were no significant differences in whole body glycogen after 15 days of lithium
treatment of female w°" flies. Bars represent means + SEM of triplicates of 6 biological

repeats of 5 flies.

(I) Triglycerides in female w'''® flies. Whole body triglyceride levels were reduced in flies
after 15 days of lithium treatment compared with untreated controls. Bars represent

medians of 6 replicas of 5 flies per condition + SEM, * p < 0.05.

(J) Female w'™® flies pre-treated with increasing concentrations of lithium for 15 days

showed a dose-dependent sensitivity to starvation (p < 0.01; n = 75 flies per condition).

Figure S2. Interactions of lithium with DR and GSK-3.

(A) Lithium increased lifespan under semi-starvation (0.2x yeast; n = 160 flies per condition).
Doses from 1 to 5 mM lithium significantly extended lifespan (p < 0.001). 10 mM lithium

treatment did not significantly change survival (p > 0.05).

(B) Doses of 1 and 2.5 mM lithium extended lifespan under semi-starvation (0.5x yeast; p <
0.05), while 20 mM lithium significantly shortened lifespan (p < 0.05). N = 160 flies per

condition.



(C) All doses of lithium tested increased lifespan under the yeast concentration that
maximized lifespan (1.0x yeast). p < 0.001 for 1 and 2.5 mM lithium versus control, and

p <0.01 for 5 and 10 mM; n = 160 flies per condition.

(D) All lithium concentrations tested extended lifespan under fully fed conditions (2.0x yeast;

p <0.001).

(E) Ubiquitous expression of a constitutively active sgg (sgg(S9A)) shortened lifespan (p <
0.001), and this shortening was almost completely reversed by 25 mM lithium (p <
0.001 for induced not treated and p < 0.05 for induced treated vs control). N = 150 flies

per condition.

(F) A second RNAI line against sgg significantly extended lifespan (p < 0.01) when
expressed ubiquitously using the actGS driver induced 2 days post-eclosion. N = 150

flies per condition.

Figure S3. Bioinformatics analyses of lithium-treated flies and interaction with IIS

down-regulation.

(A) Top 10 of most significantly changed GO categories of down-regulated genes after

lithium treatment.

(B) Venn diagrams and heatmap showing the overlap of genes differentially changed by
lithium and the expression of an insulin receptor dominant negative (Alic et al., 2011).
The only significant overlap over the Bonferroni corrected p value (p < 0.0001) was for
genes down-regulated by IIS down-regulation and genes up-regulated by lithium (p =

9.42°%).



(C) Venn diagrams and heatmap showing the overlap of genes differentially changed by
lithium and expression of an insulin receptor dominant negative in a dfoxo null
background (Alic et al., 2011). No significant overlap over the Bonferroni corrected p

value (p < 0.0001) was detected in any direction.

Figure S4. Bioinformatic analyses of the interaction of lithium and DHR96.

Venn diagrams and heatmap showing the overlap of genes differentially changed by lithium
and over-expression of DHR96 (King-Jones et al., 2006). We detected a significant overlap
over the Bonferroni corrected p value (p < 0.0001) for differentially expressed genes by both
treatments. However, genes down-regulated by DHR96 significantly overlapped with those
up-regulated by lithium treatment (p = 9.23™°). No other significant overlap was detected in

any direction.

Figure S5. Interactions of lithium transcriptional response with phenobarbital

treatment and cncC over-expression.

(A) Genes up-regulated by cncC over-expression (Misra et al., 2011) overlapped with those
up-regulated by lithium treatment (p = 2.06 x 107, Fisher’s exact test). Down-regulated
genes by cncC over-expression (Misra et al., 2011) and lithium did not significantly

overlap (p = 0.452, Fisher’s exact test).

(B) Lithium and phenobarbital treatment (Misra et al., 2011) up-regulated an overlapping set
of genes (p = 6.31 x 10™®, Fisher’s exact test), but did not change a similar set of genes
(p = 0.0352; statistical value was considered when p < 0.0001, Bonferroni correction for

multiple comparisons) at the down-regulated level (Misra et al., 2011).



(C) GO category classification for up-regulated genes involved in detoxification commonly

changed by lithium treatment and cncC over-expression.

(D) Pretreatment with 1 to 10 mM lithium significantly protected (p < 0.05) flies against the

xenobiotic chloroquine. N = 75 flies per condition

(E) Over-expression of the S9A sgg mutant significantly reduced survival when stressed with

phenobarbital (p < 0.05, log rank test). N= 75 flies per condition.

(F) Over-expression of sgg(S9A) significantly reduced keapl mRNA levels (p < 0.05), while

non-significant trends were detected for cncC, gstD2 and MRP mRNA levels (p > 0.05).

(G) RNAi-mediated down-regulation of sgg protected against paraquat (p < 0.001). N = 75

flies per condition.

Figure S6. Interaction of lithium with Keap1.

(A) Heterozygous loss of keapl (keapl®"™) significantly protected against toxic
concentrations of lithium (p < 0.001), and the combination of genetic and
pharmacological activation of CncC further protected flies (p < 0.001 for 25 and 50
mM lithium treated mutants vs mutant or the same doses in the control flies). N = 75
flies per condition.

(B) The keapl®™ mutant significantly protected against paraquat-induced stress
compared with control flies (p < 0.01), and potentiated the effect on lifespan of lithium

pre-treatment (p < 0.001). N = 75 flies per condition.

Figure S7. Interaction of lithium with autophagy.



(A) 15 days of lithium treatment at several concentrations did not induce autophagy as
measured by Atg8 (LC3) levels. There was a slight but non-significant reduction in
the levels of Atg8.

(B) Lithium extended lifespan of flies with heterozygous loss of atgl. N= 120 flies per
condition.



Supplemental Experimental Procedures

Fly Stocks and Husbandry

Stocks and experiments were kept at 25°C and 65% humidity on a 12:12 light:dark cycle
using standard sugar/yeast (SY) medium (15gL™" agar, 50gL™* sucrose, 100gL™ autolyzed
yeast, 100 gL™* nipagin and 3 mL L™ propionic acid). daGS was a gift from Veronique
Monnier (Tricoire et al., 2009). The following stocks were obtained from Bloomington
Drosophila Stock Center: UAS-sgg, UAS-sgg(S9A). UAS-sgg-RNAI was obtained from
Vienna Drosophila Resource Center. UAS-sgg-RNAI(2) is part of the Transgenic RNAI
project at Harvard Medical School and obtained from Bloomington. actGS (Poirier et al.,
2008), atgl™ (atg') (Lee et al., 2007) and all previously mentioned lines were backcrossed
at least 6 times into the w" background. keap1®'®, UAS-keapl, Gst-D-eGFP, and UAS-
cncC-RNAI were obtained from the Bohmann laboratory (Sykiotis and Bohmann, 2008).
The keapl deletion (keap1®®) was generated by P-element mediated male recombination
using the P-element insertion line, Keapl[EY02632]. The resulting lines were screened by
PCR for deletionsthat removed Keapl coding sequence. Keapl-gDNA2
TTACTATTCCACCGTGTTGTG, Keapl-gDNA3 CCGCTCATTCCGTATGAAG. All
keapl/cncC fly lines were backcrossed at least 6 times (except for the yw; UAS-cncC-RNAI
that was used as a hybrid) into the w***® background and then crossed into w”®" females for
experimental analyses. Gene induction (Osterwalder et al., 2001) was obtained by
supplementing food with RU486 (Sigma) at 200 uM (stock prepared at 100 mM in 100%

ethanol).

Lifespan Experiments

'Egg squirt' protocols were undertaken to ensure that all experimental flies were raised at
similar larval densities (~300 eggs per bottle containing 70 mL of food). Flies were allowed to
lay eggs for less than 24 hours on grape medium plates, with live yeast paste to encourage

egg-laying. The eggs were collected from the plate by washing with phosphate buffered



saline (PBS) solution and collected into falcon tubes. The eggs were then allowed to settle to
the bottom of the tube. Using a 100 yL Gilson pipette ~15-18 pL of egg suspension was
dispensed into 200 mL glass bottles containing 70 mL SY medium. Following eclosion flies
were transferred to fresh food for a 48 hr mating period. Under CO, anesthesia flies were
divided by sex with 15-20 flies per vial. Flies were transferred to fresh vials of food three
times a week throughout life. The number of dead flies found during each transfer was
recorded. Lifespan curves were analyzed using a log-rank test. Maximum lifespans were

calculated as the median of the last surviving 10% of the population.

Behavioral measurements

Feeding behavior was assessed by analyzing the proboscis extension of 10 vials of five flies
each. The feeding behaviour assay relies on the fly proboscis extension (Wong et al., 2009).
The number of flies engaged in proboscis extension was recorded and plotted as a function
of observed versus estimated. To assess fecundity female flies were let lay eggs for a
period of ~24 hours in vials containing standard medium. Vials containing eggs were frozen
and kept at -20°C for a short time until eggs were counted (Grandison et al., 2009).
Locomotor ability was assessed through the negative geotaxis paradigm which consists of a
climbing assay in which 10-15 flies were placed in a 35 cm column (1.5 cm diameter) with a
conic bottom end. Flies were tapped down and observed during 45 seconds. The column
was separated into three areas: top, middle and bottom by two lines; one was 10 cm from
top and the other was 3 cm from bottom). After 45 seconds flies located in each of these
three sections were recorded into scoring sheets. Each column was evaluated three times to
minimize trial error and a minimum of three vials per genotype/condition was evaluated in
order to be able to perform statistical analyses. The recorded scoring showed the mean
number of flies in total (ntot), at top (ntop), and at bottom (nbottom), which allowed obtaining
a performance index. The performance index (Pl) was calculated as Y2 (ntot + ntop —

nbottom / ntot). The performance index was plotted against time per each genotype and



condition. Results were analysed with two-way ANOVA and Tukey post-hoc (Rogers et al.,

2012; Kerr et al., 2011).

Stress Assays

Phenobarbital, chloroquine and paraquat were obtained from Sigma. All were dissolved
directly into the sugar/agar medium similarly prepared as the normal fly medium without
yeast. No LiCl treatment was provided during the stress period. For starvation assays flies

were maintained on a pure 1.5% agar medium.

Triglyceride and Storage Carbohydrate Measurements

To quantify triglyceride levels a colorimetric assay kit by Thermo Scientific was used (Bjedov
et al., 2010; Kinghorn et al., 2015); 6 replicas of 5 female flies were homogenized in 0.05%
Tween 20 and incubated for 5 minutes at 70°C. Samples were then centrifuged for 5 minutes
at 7000 rpm. The supernatant was transferred to fresh Eppendorfs and centrifuged for 10
minutes at maximum speed. For each sample, 175 uL was transferred to a fresh Eppendorf.
10 yL of each sample was dispensed into a well on a 96-well plate, with each sample in
triplicate. 200 yL of Thermo Infinity Triglycerides solution was added to each well and the
plate was left to incubate at 37°C for 10 mins, after which time the absorbance in each well
was measured at 574 nm. The lipid standards were treated in the same way as the samples
all throughout and were prepared as 7 serial dilutions in 0.05% Tween 20. These were 2, 1,
0.5, 0.25, 0.125, 0.0625 and 0 pg/uL triglyceride. Samples were normalized to protein levels
using the Thermo Scientific bicinchoninic acid protein (BCA) assay. Whole fly glycogen and
trehalose were measured in once-mated females after 15 days of treatment as previously

described (Broughton et al., 2005; Slack et al., 2011).



Western blot analysis

10 flies were homogenized in 2X Laemmli loading buffer (100 mM Tris 6.8, 20% glycerol, 4%
SDS) containing 5% B-mercaptoethanol and then boiled for 5 min. Approximately 40 pg of
protein extract was loaded per lane. Proteins were separated on SDS polyacrylamide gels
and transferred to a nitrocellulose membrane. Membranes were blocked in 5% milk TBST for
1 hour at room temperature, after which they were probed for primary antibodies diluted in
5% BSA TBST overnight at 4°C. The following primary antibodies were used: GFP (Cell
Signaling Technologies #2955, 1:1000), anti-phospho-GSK3 (Cell Signaling Technologies
#9331, 1:500), anti-GSK-3 (US Biologicals #G8170, 1:1000), anti-Atg-8 (custom made,
1:1000), pB-actin (Abcam #ab4801, 1:5000). Appropriate HRP-conjugated secondary
antibodies (Abcam) were used (1:12,000). Blots were developed using the ECL detection

system and analyzed using ImageJ program (US National Institutes of Health).

RT-qPCR
Total RNA was extracted from 15 flies using Trizol (GIBCO) according to the manufacturer’s
instructions. The concentration of total RNA purified for each sample was measured using
an Eppendorf biophotometer. 2 ug of total RNA was then subjected to DNA digestion using
DNAse | (Ambion), immediately followed by reverse transcription using the Superscript Il
system (Invitrogen) with oligo(dT) primers. Quantitative PCR was performed using the
PRISM 7000 sequence-detection system (Applied Biosystems), SYBR Green (Molecular
Probes), ROX Reference Dye (Invitrogen), and Hot Star Tag (Qiagen, Valencia, CA) by
following manufacturer’s instructions. Each sample was analysed in triplicate using act5c as
reference gene. Primers used were: gstD2-F CATCGCCGTCTATCTGGTGGA, gstD2-R
GGCATTGTCGTACCACCTGG, keapl-F CAAGGAGTCGGAGATGTCG, keapl-R
GTAGAGGATGCGTGACATGG, cncC-F GAGGTGGAAATCGGAGATGA, cncC-R
CTGCTTGTAGAGCACCTCAGC, MRP-F ACTTTACGCCCTGCTT, MRP-R
TCACGTTCAGCTTGTTCCAC, act5C-F GCAGCAACTTCTTCGTCACA, actbC-R

CATCAGCCAGCAGTCGTCTA.



Microarray analyses

Once-mated w'**® female flies were pre-treated for 10 days with 10 mM LiCl and snap frozen
in liquid nitrogen, after which heads and thoraces were separated. RNA extraction was
performed as per manufacturer’'s guidelines using Trizol. RNA was DNase treated and
checked for quality by BioRad Experion. RNA was processed to cRNA, labeled and
hybridized to a single-color Affymetrix GeneChip Drosophila Genome 2.0 Array, following
manufacturer's protocol. These experiments were performed by the Max Planck-Genome-

centre Cologne, Germany (http://mpgc.mpipz.mpg.de/home/).

Differential expression analysis

Raw data (cel files) were processed to correct for probe-sequence biases, by using
bioconductor's package gcrma (http://www.bioconductor.org) in R (http://www.r-project.org).
Affymetrix's MicroArray Suite 5.0 (bioconductor's package affy) was used to determine
present target transcripts (Schuster et al., 2007). Transcripts were deemed present if the p-
value was <0.111 and absent otherwise. The raw data were summarized and normalized by
using Robust Multichip Average (rma function, part of bioconductor's package affy (Gautier
et al., 2004)). In order to identify differentially expressed genes a linear model was fitted and
differential expression was assessed using the empirical Bayes moderated t-statistic as
implemented in R's limma package (Ritchie et al., 2015). P-values were adjusted for multiple
hypotheses testing by applying the Benjamini and Hochberg correction for false discovery
rate. Summarized probe-sets were mapped to transcripts using R's package
"drosophila2.db". Transcripts not mapping to any known or predicted genes were excluded

from further analysis.

The raw data for the wild-type vs. wild-type+Lithium(10mM) are deposited in ArrayExpress
(http://www.ebi.ac.uk/arrayexpress) with identifier E-MTAB-3809. The following freely

available microarray datasets were used: control vs. phenobarbital (E-GEOD-30087); control



vs. hsp70-CncC (E-GEOD-30087); daGal4 vs. daGal4 > UAS-InR"" and dfoxo®” daGal4 vs.

dfoxo®” daGal4 > UAS-INRPN (E-TABM-757); control vs. hs-DHR96 (E-GEOD-5097).

Statistical significance of differential expression gene sets

Statistical significance of overlaps of genes in two microarray experiments was determined
using fisher's exact test. To account for multiple hypotheses testing a p-value cut-off of
<1.0x10™ was used. After correcting for multiple hypothesis testing in the wild-type vs. wild-
type+Lithium(10mM) (Benjamini and Hochberg correction for false discovery rate as
described above), there were only two genes that were above the significance threshold of
0.05, thus we used the top 300 genes within each experiment to calculate significance of
overlap. These genes could be viewed as top up or down-regulated genes among all of the

genes part of an experiment.

Gene Ontology analysis

The Wilcoxon rank sum test, as implemented in Catmap (Breslin et al., 2004), was used to
perform functional analysis, that is significant enrichment of Gene Ontology categories.
FlyBase (http://flybase.org) gene identifiers were mapped to Gene Ontology identifiers
(FlyBase version FB2014_01). Ranks of genes were based on the p-value derived from the
Bayes t-statistic for differential expression. To account for multiple hypothesis testing, an
enrichment of GO terms was deemed statistically significant if the p-value derived from the
wilcoxon rank sum test was <1.0x10®. Gene lists were sorted by log-fold change and p-
value. For all microarray experiments two sets of lists were derived; a gene list comprising
most differentially up-regulated (log-fold change > 0) genes at the top of the list and most
differentially down-regulated genes (log-fold change < 0) at the bottom of the list (termed up-
to-down) and vice verse (termed down-to-up). If a GO category was found to be statistically
significant in the up-to-down list, this GO was referred to as up-regulated, i.e. a large enough

proportion of the genes that are part of this GO category were found to be up-regulated or at



the top of the list. If a GO category was found to be statistically significant in the down-to-up
list, this GO was referred to as down-regulated, i.e. a large enough proportion of the genes

that are part of this GO category were found to be down-regulated or at the top of the list.
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