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Supplementary Figure 1. DHPG treatment results in increased de novo protein
synthesis in wild-type, but not Fmrl knockout mice. Acute adult hippocampal
slices were prepared and treated for 10 minutes with 100 uM DHPG followed by a 1-
hour recovery (top panel,n=3 mice/group, WT veh vs WT DHPG p = 0.04, WT veh
vs KO veh p = 0.06, KO ve vs KO D p = 0.32). Wild-type slices were treated with
DHPG as described in top panel and were allowed to recover for 0’, 15’, or 60’
recovery (bottom panel). Slices were then lysed, cycloadded and probed for
changes in biotin abundance via western blots (0’ and 60’ n=3 mice/group, 3 slices
per mouse p =0.05; 15" n=2 mice/group). Top panel demonstrates that there is a
DHPG-induced increase in protein synthesis in wild-type (WT) but not Fmrl
knockout (KO) mice. All graphs are represented as mean + SEM. All significance
determined using a Student’s t-test.
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Supplementary Figure 2. DHPG treatment increases Biosynthesis (Hk1) and Cell
membrane (Ras) proteins in Fmrl knockout mice as predicted by the BONLAC
screen. Acute adult hippocampal slices were prepared and treated for 10 minutes
with100 uM DHPG followed by 1-hour recovery. Slices were then lysed and probed for
changes via western blot (n=2 animals for HK1, n=3 animals for RAS). All graphs are
represented as mean + SEM. * indicates p=0.05 using a Student’s t-test. Statistics
were not performed on HK1 as n=2, but both experiments showed the same trend that
supported the proteomic data.
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Supplementary Figure 3. There is minimal overlap between candidates identified
in the steady state versus DHPG-stimulated de novo protein synthesis
experiments. We compared the total number of candidates in steady state and
DHPG-stimulated conditions for wild-type (WT), Fmrl knockout (KO) and conserved
between WT and KO (C) mice. In each case there was overlap in candidates, but it
minimal compared to the total number of candidates represented.
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Comparing the overlap of Ensembl gene IDs of all proteins enriched (up and down) in
KO steady state experiment with the Ensembl gene IDs of all proteins measured in
Gomez-Serrano et al. (2016) — using 53946 genes available in Ensembl as the

background

Detailed information about this GeneOverlap object:
listA size=319, e.g. ENSMUSGO00000003072 ENSMUSG00000004032
ENSMUSG00000036499
listB size=2125, e.g. ENSMUSG00000026817 ENSMUSG00000036932
ENSMUSG00000023262
Intersection size=169, e.g. ENSMUSG00000003072 ENSMUSG00000036499
ENSMUSG00000039682
Union size=2275, e.g. ENSMUSG00000003072 ENSMUSG00000004032
ENSMUSG00000036499
Genome size=53946
# Contingency Table:
notA inA
notB 51671 150
inB 1956 169
Overlapping p-value=6.1e-149
Odds ratio=29.8
Overlap tested using Fisher's exact test (alternative=greater)
Jaccard Index=0.1

Conclusion: the protein candidates from KO Steady state are largely
represented in the total proteins measured in Gomez-Serrano et al. 2016.

Comparing Ensembl gene IDs of all proteins enriched (up and down) in KO steady
state experiment with the Ensembl gene identifiers of a subset of differentially
abundant proteins in the “Age” test in Gomez-Serrano (2016) — using a total set of
5000 proteins as background

listA size=319, e.g. ENSMUSG00000003072 ENSMUSG00000004032
ENSMUSG00000036499
listB size=88, e.g. ENSMUSG00000006574 ENSMUSG00000019843
ENSMUSG00000015854
Intersection size=8, e.g. ENSMUSG00000000568 ENSMUSG00000052397
ENSMUSG00000049539
Union size=399, e.g. ENSMUSG00000003072 ENSMUSG00000004032
ENSMUSG00000036499
Genome size=5000
# Contingency Table:
notA inA
notB 4601 311
inB 80 8
Overlapping p-value=0.2
Odds ratio=1.5
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Overlap tested using Fisher's exact test (alternative=greater)
Jaccard Index=0.0

Conclusion: the protein candidates from KO Steady state are not represented in
the enriched/candidate proteins measured in Gomez-Serrano et al. 2016

Comparing the overlap of Ensembl gene IDs of all proteins enriched in the DHPG
treatment BONLAC experiment with the Ensembl gene IDs of all proteins measured in
Gomez-Serrano (2016)

Detailed information about this GeneOverlap object:
listA size=470, e.g. ENSMUSG00000021087 ENSMUSG00000034187
ENSMUSG00000034088
listB size=2125, e.g. ENSMUSG00000026817 ENSMUSG00000036932
ENSMUSG00000023262
Intersection size=264, e.g. ENSMUSG00000021087 ENSMUSG00000034187
ENSMUSGO00000007815
Union size=2331, e.g. ENSMUSG00000021087 ENSMUSG00000034187
ENSMUSG00000034088
Genome size=53946
# Contingency Table:
notA inA
notB 51615 206
inB 1861 264
Overlapping p-value=2.5e-243
Odds ratio=35.6
Overlap tested using Fisher's exact test (alternative=greater)
Jaccard Index=0.1

Conclusion: the protein candidates from the DHPG BONLAC experiments are
largely represented in the total proteins measured in Gomez-Serrano et al. 2016.

Comparing the overlap of Ensembl gene IDs of all protein candidates in the DHPG
treatment BONLAC experiment with the Ensembl gene identifiers of a subset of
differentially abundant proteins in the “Age” test in Gomez-Serrano (2016)

Detailed information about this GeneOverlap object:

listA size=470, e.g. ENSMUSG00000021087 ENSMUSG00000034187
ENSMUSG00000034088

listB size=88, e.g. ENSMUSG00000006574 ENSMUSG00000019843
ENSMUSG00000015854

Intersection size=3, e.g. ENSMUSG00000024608 ENSMUSG00000026895
ENSMUSG00000037710

Union size=555, e.g. ENSMUSG00000021087 ENSMUSG00000034187
ENSMUSG00000034088

Genome size=5000

# Contingency Table:
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notA inA
notB 4445 467
inB 85 3
Overlapping p-value=0.99
Odds ratio=0.3
Overlap tested using Fisher's exact test (alternative=greater)
Jaccard Index=0.0

Conclusion: the protein candidates from the DHPG BONLAC experiments are
not represented in the enriched/candidate proteins measured in Gomez-Serrano
et al. 2016

Summary: The bulk of our candidates from the BONLAC screens are present in
other proteomic studies, but not enriched suggesting specificity of the proteins
identified to the specific conditions in question (FXS vs. DHPG response vs.
metabolic disruption/obesity).

Supplementary Figure 4. Comparison of BONLAC candidates to an unrelated
proteomic dataset. Candidates from the BONLAC screens (Figures 1 and 2) were
compared with the total proteins measured and the enriched candidates from a
“random” proteomics paper on obesity (Gomez-Serrano et al, 2016) to determine
whether the overlap observe in the ASD and FMRP databases were specific. Although
the same proteins were measured in both the BONLAC and the random dataset, the
same proteins were not enriched or identified as candidates, therefore further
suggesting that protein candidates were specific to the measurement (FXS and
DHPG), and that the overlap with other databases involving FXS and ASD was not
coincidental.
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Supplementary Figure 5. Kruskal-wallis significance values obtained by
comparing mRNA properties of upregulated and downregulated candidates
from BONLAC screens. Vertical axis lists the mRNA property like length or GC
content. Transcript= total mRNA length including introns, CDS= coding sequence,
5'UTR= upstream 5’ untranslated region, 3'UTR= downstream 3’ untranslated region.
Entries in blue display p value (gradiation noted in the middle of the plots). Frequency
distribution plots of mMRNAs in up and down regulated candidates for GC content (color
denotes P value). Frequency distribution plots of mMRNAs in regulated candidates for
each mRNA property that showed significant differences. These include transcript
length, 5" and 3’ UTR for basal wild-type (WT) versus Fmrl knockout (KO) BONLAC
candidates and only 5’ and 3’ UTR lengths for DHPG-stimulated candidates.
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Supplementary Figure 6. Effects of ameliorative treatments in the whole blood
of Fmrl knockout mice and their wild-type littermates. Adult male mice were
treated three ameliorative treatments: PF (left), Li (Top and center), and Met (right)
and probed for 2 markers — Hk1 and Ras. Each graph depicts wild-type (WT) versus
Fmrl knockout (KO) (Figure 4 contains only the KO portion of the graph for S6K1i and
Metformin). All data is mean + SEM. Data was analyzed using a Student’s t-test for
differences between KO veh and drug treatment and WT vehicle vs WT drug
treatment HK1 Pf WT veh, n=4, WT Pf n=3, KO veh n=8, KO Pf n =5, Ras WT veh
n=8, WT Pf n=6, KO veh n=9, KO Pf n=10, HK1 Li WT veh n =6, WT Li n=7, KO veh
n=3, KO Li n=5, Ras Li WT veh n=6, WT Li n=7, KO Veh n=3, KO Li n=6, HK1 Met
WT Veh n=5, WT Met n=5, KO Veh n=6, KO Met n=8, RAS Met WT veh n=5, WT Met
n=5, KO veh n=7, KO Met=5. PF: RAS KO veh vs KO Pf p = 0.008, Li: HKI KO Veh vs
KO Li p=0.07, Met: Ras KO veh vs. KO Met p = 0.03, HK1 WT veh vs WT Met p =
0.006, Ras WT veh vs WT Met p = 0.09
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Supplementary Figure 7. Effects of S6K1 inhibitor in the whole blood of Fmrl
knockout mice and their wild-type littermates for mGIuR5. Adult male mice were
treated with the S6K1 inhibitor PF-4708671 and analyzed for mGIluR5 by western
blotting. All data is mean + SEM. There were no statistical differences between
groups. n = 5/group.
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Supplementary Figure 8. Potential “Patient Barcode” examples based on data
collected from human patient samples. All data were generated by western blot,
normalized to transferrin receptor, then to the average CTRL score. Colors indicate
proteins in FXS patients in relation to CTRL average (within 1 standard deviation,
more than 1 standard deviation or 2 or more) to demonstrate how much the FXS
patient individual protein levels deviate from the control population.
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Supplementary Methods

Sample Preparation for Mass Spectrometry

Briefly, after labeling, slices were lysed in buffer containing 8 M urea, 200 mM Tris pH
8, 4% CHAPS, 1 M NacCl, and protease inhibitor cocktail (Sigma). The lysate was
sonicated to reduce viscosity. AHA-labeled nascent proteins were covalently coupled
to alkyne agarose beads using reagents provided in the kit (Click-iT Protein
Enrichment Kit, Invitrogen). Beads were transferred to a SDS wash buffer (1% SDS,
100 mM Tris pH 8, 250 mMNaCl and 5 mM EDTA) and proteins on beads then were
reduced with DTT at 70 °C and alkylated with iodoacetamide at room temperature.
The beads then were washed sequentially with 100 column volume of the following
three buffers to remove non-specific binding proteins: (1) the SDS wash buffer, (2) 8 M
urea, and (3) 20% acetonitrile. Immobilized proteins were digested with trypsin on-
resin at 37 °C overnight in 25 mM ammonium bicarbonate and the resulting tryptic
peptides were desalted using StageTips and dried under vacuum in a SpeedVac

device.

Liquid Chromatography and Mass Spectrometry

For LC-MS, a Thermo Scientific EASY-nLC 1000 coupled to a Q Exactive mass
spectrometer (Thermo Fisher Scientific) was used. A self packed 75-um x 25-cm
reverse phase column (Reprosil C18, 3 um, Dr. Maisch GmbH, Germany) was used
for peptide separation. Peptides were eluted by a gradient of 3-30% acetonitrile in
0.1% formic acid over 120 min at a flow rate of 250 nL/min at 45°C. The Q Exactive
was operated in data-dependent mode with survey scans acquired at a resolution of
50,000 at m/z 400 (transient time = 256 ms). Up to the top 10 most abundant
precursors from the survey scan were selected with an isolation window of 1.6
Thomsons and fragmented by higher-energy collisional dissociation with normalized
collision energies of 27. The maximum ion injection times for the survey scan and the
MS/MS scans were 60 ms, respectively, and the ion target value for both scan modes
were set to 1,000,000.

Protein Identification and Quantitation
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The raw files were processed using the MaxQuant computational proteomics platform
version 1.2.7.0 for peptide identification and quantitation. The fragmentation spectra
were searched against the Uniprot mouse protein database (downloaded on Feb 08,
2013), allowing up to two missed tryptic cleavages. Carbamidomethylation of cysteine
was set as a fixed modification, and oxidation of methionine and protein N-terminal
acetylation, D4-lysine, 13C6-arginine, 13C6-15N2-lysine and 13C6-15N4-arginine
were used as variable modifications for the database search. The precursor and
fragment mass tolerances were set to 7 and 20 ppm, respectively. Both peptide and

protein identifications were filtered at 1% false discovery rate (FDR).

RNA data analyses

RNA properties survey: Consistently changed proteins in wild-type + vehicle or DHPG
and KO wild-type + DHPG DHPG/Vehicle treated WT or fmrl hippocampal slices were
further categorized into intersectional lists: WT unique up, WT unique down, WT+KO
up, WT+KO down, KO unique up, KO unique down, WT and KO conserved identity
but opposite regulation. Features of the canonical transcript of each protein in all lists
were obtained from Ensembl using Biomart. These features included whole transcript,
coding sequence, 5’ untranslated region and 3’ untranslated region, lengths (natural
log transformed) and GC contents. One-way Anova and Tukey’s HSD post-hoc test
were used to test for significant differences in any of the features across the different
categories. Intra-category (up vs. down) differences were tested using Krukal-Wallis

rank sum tests.

Autism Candidate Database

All subsequent steps were performed by an experimenter who was blinded to the
contents of the BONLAC gene lists. First, a database was created of known ASD risk
genes in previous studies that used either whole-exome or RNA sequencing methods
on either ASD patient samples or established ASD models. The database also
included previously published FMRP target mRNAs (See Table S3 for citation of all
data sources). Next, a literature search on PubMed was performed using the following
keyword search to identify relevant articles through their abstracts: (“autism”[Abstract]

OR “fragile x syndrome”[Abstract]) AND (“whole exome sequencing’[Abstract] OR
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“exome sequencing”’[Abstract] OR “RNA sequencing’[Abstract]) From this initial list of
114 hits, 21 final sources were selected using the following criteria: (1) source
published within last 5 years; (2) article provided a list of 5 or more genes deemed
“candidate genes,” “risk genes,” or something similar; (3) source analyzed ASD patient
data or known ASD models with accompanying statistical analyses; and (4) no
repetition of first authors. In addition to these sources, we included the SFARI gene
list, a commonly referenced and frequently updated assemblage of top ASD risk
genes (gene.sfari.org). Once we created our database, a script was written to
compare the database to the BONLAC gene lists and keep track of overlaps, which
were defined as “full” if the gene name was present in both lists or “partial” if the gene
names differed by a final letter/number, as this indicated likely isoforms (e.g.
GRIN2A/GRIN2B or TPPP/TPPP3). Overlapping genes underwent gene ontology
analysis using the Database for Annotation, Visualization, and Integrated Discovery
(DAVID; see Bowling et al., 2016).

Western Blotting- Antibody sources and working concentrations

Company Dilution Blocking
MGIuR5 Millipore, 1:2000 5% BSA in
AB5676 TBST
NMDAR2B/Grin2B BD Biosciences | 1:2000 5% BSA in
610417 TBST
SynGap Cell Signaling 1:2000 5% BSA in
Technology TBST
D20C7
ACO2 Abcam 1:1000 5% BSA in
ab110321 TBST after
5% Milk in
TBST block
Hk1 Cell signaling 1:1000 5% BSA in
2024 TBST after
5% Milk in
TBST block
BDNF Isagen 327-100 | 1:1000 5% BSA in
TBST after
5% Milk in
TBST block
HRas/Ras Cell Signaling 1:1000 5% BSA in
Technology TBST
3965
FMRP Millipore 1:1000 5% milk in




Supplementary Information: Bowling, Bhattacharya et al.

MAB2160 TBST
Actin Sigma 1:5000 5% BSA in
TBST
Transferrin Abcam ab84036 | 1:1000 - 5% BSA in
1:2000 TBST after
5% Milk in
TBST block
Biotin Abcam - 1:2000 5% BSA in
ab19218 TBST
Anti-rabbit HRP Promega 1:5000 5% BSA in
TBST
Anti-mouse HRP Promega 1:5000 5% BSA in
TBST
Anti-goat HRP Jackson 1:5000 5% BSA in
Immunoresearch TBST
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