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Supplementary Figure 1. Functional characterization of adaptive metabolic
reprogramming following BRAF inhibition in BRAFV6%0 melanoma cells

A. A375 cells were treated with 1uM Vem for the indicated time and assessed for
mitochondrial number using the mitochondrial stain MitoTracker. Representative confocal
images of n=3 biologically independent experiments are shown (left panel) and
quantitation was performed using high content image analysis (right panel). Data are
presented as mean fold change relative to DMSO control, +/- SEM; n=3 biologically
independent experiments. Statistical significance was determined using a one-way
ANOVA adjusted for multiple comparisons. B. Gene expression was determined using g-
RT-PCR. Data are presented as mean fold change relative to DMSO control, +/- SEM;
n=3 biologically independent experiments. Statistical significance was determined using
a two tailed Students T test. SLC7A8 = Solute Carrier Family 7 Member 8. Source data
are provided as a source data file.
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Supplementary Figure 2. A genome wide screen for regulators of glycolytic
responses to BRAF inhibition

A. Network analysis was performed on the 622 viability screen hits (DMSO AT48 > -1.5
Z-score; Source data are provided in Supplementary Data 1) using String. Enriched
pathways were mapped onto the network as indicated. B. Functional annotation
enrichment analysis was performed on the viability screen hits using DAVID. C.
Functional annotation enrichment analysis was performed on the 164 glycolysis screen
hits (DMSO lactate per cell ratio > 0.5-fold change; Source data are provided in
Supplementary Data 2) using DAVID. D. Network analysis was performed on the 717
genes that enhanced the effects of Vem on lactate production (DMSO and Vem AT48
cell count > 0.3-fold change; DMSO lactate per cell ratio > 0.4-fold change; and Vem
lactate per cell ratio < 0.5-fold change; Supplementary Data 3) using String. Enriched
pathways were mapped onto the network as indicated. E. Viability and glycolysis data
from the secondary validation screen for genes associated with RNA binding, transport
and translation. Individual siRNA duplexes (Du1-4) comprising each SMARTpool (SP)
were arrayed into individual wells to confirm reproducibility of phenotypes. Data is
expressed as Vem/DMSO fold change ratio. Source data for E are provided as a Source
Data file.
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Supplementary Figure 3. BRAFi induces transcriptional and translational
reprogramming of metabolism in BRAFV6° melanoma cells

A. Significantly enriched pathways for the indicated modes of gene expression were
identified using gene set enrichment analysis (GSEA; https://www.gsea-
msigdb.org/gsealindex.jsp; corrected for multiple comparisons using false discovery rate
(FDR) < 0.1). Data are expressed as normalized enrichment score (NES). Source data
are provided in Supplementary Data 6. B. Volcano plots of transcriptome-wide changes
in total mRNA levels and polysome-bound mRNA (poly-mRNA; translation) identified
using anota2seq following 40hr treatment with DMSO or 1uM Vem. Source data are
provided in Supplementary Data 5 (n=3 biologically independent experiments). C.
Significantly enriched pathways for the translational buffering dataset (changes in total
mMRNA levels not reflected in changes in poly-mRNA levels) were identified using GSEA
(https://www.gsea-msigdb.org/gsea/index.jsp; corrected for multiple comparisons using
FDR < 0.1). D. GSEA plot demonstrating enrichment of the Hallmark MYC targets (V1)
gene set in the translational buffering data set. Statistical analysis was performed using
the GSEA tool (https://www.gsea-msigdb.org/gseal/index.jsp; corrected for multiple
comparisons using FDR < 0.1). E. mRNA levels of the indicated genes were determined
using RT-gPCR analysis of total mRNA samples. Data are presented as mean values
from n=2 biologically independent experiments. F. Distribution of mRNA encoding the
indicated genes on a 10-50% sucrose gradient was determined using RT-qPCR following
1uM Vem treatment for the indicated time (data are representative of n=2 biologically
independent experiments). G. Western blot analysis of the indicated proteins in whole cell
lysates generated from cells treated with 1uM Vem for the indicated time (data are
representative of n=2 biologically independent samples). Source data for E-G are
provided as a Source Data file.
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Supplementary Figure 4. Depletion of the RNA processing kinase UHMK1
sensitizes BRAFV600 melanoma cells to BRAF inhibition

A. WM266.4 and A375 cells were transfected with the indicated siRNA and assessed for
knock down efficiency using RT-qPCR (top panel; data are presented as mean values +/-
SEM, n=3 biologically independent experiments) and western blot analysis (bottom panel;
data are representative of n=3 biologically independent experiments). p27 protein levels
were used as a biomarker of UHMK1 knockdown, as phosphorylation by UHMK1 targets
p27 for degradation (see text for details). B. Effect of gene knockdown and Vem
treatment on cell number calculated using high content image analysis of DAPI stained
cells . Data are presented as mean values +/- SEM (n=3 biologically independent
experiments). Statistical significance was determined using a one-way ANOVA adjusted
for multiple comparisons. Source data are provided as a Source Data file.
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Supplementary Figure 5. Analysis of the role of RNA export in UHMK1-dependent
regulation of metabolism genes following BRAF inhibition

A. A375 cells expressing UHMK1-V5 were treated with DMSO or 1uM Vem for 48hrs prior
to UHMK1-V5 RNA-immunoprecipitation (RNA-IP). Schematic depicting the RNA-IP
assay (top panel) and western blot verifying UHMK1-V5 immunoprecipitation (bottom
panel). Data are representative of n=3 biologically independent experiments. B. A375
melanoma cells were transfected with the indicated siRNA and treated with DMSO or
1uM Vem as indicated for 48hrs. RNA was extracted from nuclear and cytoplasmic
fractions and fractionation was verified using RT-qPCR (top panel) and western blot
(bottom panel) analysis of the indicated genes and proteins. RT-qPCR data represents
mean fold change +/-SEM (n=3 biologically independent experiments). Western blot data
are representative of n=3 biologically independent experiments. Statistical significance
was determined using an unpaired, two tailed T test. C. Expression of the indicated genes
was determined in cells treated as in (B) using RT-gPCR analysis and Log2 fold change
data relative to the DMSO siOTP control in each subcellular compartment are displayed
in the heatmap (n=3 biologically independent experiments). Source data are provided as
a Source Data file.
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Supplementary Figure 6. Depletion of UQCRC2 and GLUT1, but not ATP5A,
phenocopies UHMK1 knockdown following BRAF inhibition

A. A375 melanoma cells were transfected with the indicated siRNA and assessed for
knock down efficiency using western blot analysis of the indicated proteins. Data are
representative of n=2 biologically independent experiments. B. A375 melanoma cells
were transfected with the indicated siRNA and treated with DMSO or 300nM Vem and
cell proliferation was assessed by monitoring confluency over time using an Incucyte
automated microscope. Average % confluency (normalised to TO) following 96hrs
treatment was determined. Data represents mean fold change +/- SEM (n=3 biologically
independent experiments). Statistical significance was determined using a one-way
ANOVA adjusted for multiple comparisons. C-E. A375 cells were transfected with the
indicated siRNA and treated with DMSO or 300nM Vem for 48hr. Oxygen consumption
rate (OCR) and extracellular acidification rate (ECAR) was determined using Seahorse
Extracellular Flux Analysis and effect of gene knockdown and Vem treatment on spare
respiratory capacity (SRC) (C), ATP production (D), and basal glycolysis was determined
(E). Data is normalized to cell number and represents mean fold change +/- SEM (n=3
biologically independent experiments). Statistical significance was determined using a
one-way ANOVA adjusted for multiple comparisons. Source data are provided as a
Source Data file.
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Supplementary Figure 7. Structure-function analysis of UHMK1

A. Predicted structural modelling of UHMK1 protein as determined by AlphaFold
(https://alphafold.ebi.ac.uk/; left panel). Conserved features of the U2AF homology motif
(UHM) are shown (right panels). B. Schematic depicting the MSCV-UHMK1 expression
constructs generated to assess the function of UHMK1 kinase activity and UHM domain.
C. Expression and immunoprecipitation (IP) of UHMK1 mutant proteins described in (B)
was verified using western blot analysis. p27 levels was used as a biomarker of UHMK1
kinase activity (see text for details; representative of n=3 biologically independent
samples). D. Analysis of UHMK1 IP samples for -actin mRNA was used to verify RNA
processing function of the UHM domain (see text for details). Data represent mean +/-
SEM of n=3 biologically independent experiments. Statistical significance was determined
using a one-way ANOVA adjusted for multiple comparisons. E. UHMK1 was genetically
inactivated using CRISPR-Cas9 and UHMK1 levels were verified using RT-qPCR and
western blot analysis. Source data are provided as a Source Data file.
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Supplementary Figure 8. Genetic inactivation of UHMK1 sensitizes WM266.4
BRAFV600 melanoma cells to BRAF and MEK combination therapy in vivo

A. Schematic of the in vivo drug sensitivity study. B. UHMK1 was genetically inactivated
in WM266.4 cells using CRISPR-Cas9 and UHMK1 KD was confirmed using RT-qgPCR
(left panel; data represent mean +/- SEM of n=3 biologically independent samples) and
western blot analysis of UHMK1 target p27 (right panel; representative of n=3 biologically
independent samples). C. Growth of WM266.4-CAS9, WM266.4-UHMK1-gRNA88 and
WM266.4-UHMK1-gRNA9O tumors treated with vehicle or dabrafenib and trametinib
(Dab/Tram). Data represent mean tumor growth +/- SEM of n=8 individual mice per group.
D. Kaplan—Meier curve of data in (C) shows survival advantage where survival is defined
as time to a tumor exceeding a volume of 1200mm3. Statistical significance was
determined by Log-rank (Mantel-Cox) test. Source data are provided as a Source Data
file.



Supplementary Table 1: Primer sequences used in the study

Gene Direction [Sequence
ATP5A Forward [CTTCGTTGCCACTTCCCAG
Reverse [CCTCCGGACTGGTTCTAGG
B-actin Forward [CTTCCTGGGCATGGAGTC
Reverse |GGATGTCCACGTCACACTTC
GAPDH Forward [TGCACCACCACCTGCTTAGC
Reverse |[GGCATGGACTGTGGTCATGAG
GLUTA1 Forward [TCTCTGTGGGCCTTTTCGTT
Reverse [CAGTTTCGAGAAGCCCATGAG
HK2 Forward [AAGGCAATAGGGCCTTAAAGTAGAG
Reverse [TTCGAGGCTGCAGTGAGCTA
HIF1a Forward [TTTACCATGCCCCAGATTCAG
Reverse [GGTGAACTTTGTCTAGTGCTTCCA
MITF Forward [CCGTCTCTCACTGGATTGGT
Reverse |[TACTTGGTGGGGTTTTCGAG
NONO Forward [CATCAAGGAGGCTCGTGAGAAG
Reverse [TGGTTGTGCAGCTCTTCCATCC
PGC1a Forward [CTGCTAGCAAGTTTGCCTCA
Reverse [AGTGGTGCAGTGACCAATCA
SDHB Forward [AGAAACTGGACGGGCTCTAC
Reverse |[AACTGCAGGCCCCAGATATT
TFAM Forward [TACCGAGGTGGTTTTCATCTG
Reverse [AACGCTGGGCAATTCTTCTA
UHMK1 Forward [GCTGTTGATCTGTGGAGCCTA
Reverse |[TCACCACTGCTTTACTGGCA
UQCRC2 | Forward [ATGTCCAAGCTGCCAAGAAC
Reverse [GGTGGCATGTAAGAACCAGC
VDACT1 Forward [GCCCGGAAGGCAGAAGA
Reverse [CCCTTGGTGAAGACATCCCT




	Smith et al_Figure S1
	Smith et al_Figure S2
	Supplementary Figure 2_Legend
	Smith et al_Figure S3_revised
	Supplementary Figure 3_legend
	Smith et al_Figure S4_revised
	Smith et al_Figure S5_RNA transport_revised_3
	Smith et al_Figure S6_revised
	Supplementary Figure 6_legend
	Smith et al_Figure S7 - UHM point mutants
	Supplementary Figure 7_legend
	Smith et al_Figure S8
	Smith et al_Table S8



