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Supplementary Figure 1. Leptin: adiponectin ratio: Cut-off values and association with
postpartum homeostasis model assessment, pregnancy BMI and glucose tolerance test
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Supplementary Figure 1. (A) Participants (n=75) were divided into low, medium and high insulin
resistance (IR) tertiles (n=25 per tertile) using plasma leptin: adiponectin ratio (LAR) cut-off values of:
<2ng/ug; >2 to < 5ng/ug; and >5ng/ug. (B-D) Association of LAR with postpartum homeostasis model
assessment (HOMA) for (B) B-cell function (HOMA-B); (C) insulin sensitivity (HOMA-S); and (D) IR (HOMA-
IR) in n=20 breastfeeding participants. Grey and black dots indicate HOMA values assessed during
postpartum days 3-4 or days 15-28, respectively. (E) Association of BMI assessed at 8-10 weeks’ gestation
with LAR in n=75 breastfeeding participants. (F-G) Oral glucose tolerance test plasma glucose values
obtained during 24-36 weeks’ gestation at (F) Ohr and (G) 2hr in n=24 breastfeeding participants in low,
medium and high IR categories. (H-1) Association of LAR with (H) Ohr and (1) 2hr plasma glucose values.
Sp=0.06, *p<0.05. Kruskal-Wallis test used for comparison of low, medium and high IR categories.



Supplementary Figure 2. Association of insulin resistance with serum insulin,
progesterone and prolactin concentrations.
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Supplementary Figure 2. Change in serum concentrations of: (A) insulin; (B) progesterone; and (B)
prolactin during postpartum days 1-4. ***p<0.001 (two-way ANOVA). All participants were stratified
into low (black), medium (blue) or high insulin resistance (IR, red) categories based on plasma leptin:
adiponectin ratio values. Sample sizes are shown below graphs.
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Supplementary Figure 3. Milk fat globule RNA quality

A B
10 18
c
8- 2 151
E q2-
Z 6] g 9-
4 2
4- c
3 6
o
2+ o 3
S
0_ 1
0 T T T T
2 2 3 4
Postpartum day Postpartum day
D2 D3 D4 D5
0.2 0.2 0.2 0.2
RIN
o
0.1 . 0.1 :OO ® 0.1 nggo. 0.1 o® 8
o ae e ® e e 2% . % 6
s Boo A o ‘oge o
© ® ® o] 4
014 O 0.1 © o 0.1 oe 0.1
?)o <’o 2
-0.2 T T T -0.2 T T T -0.2 T T T -0.2 T T T
02 01 0 01 0.2 02 01 0 0.1 02 0.2 -0.1 0 01 02 -02 01 0 01 0.2
PC1 PC1 PC1 PC1

Supplementary Figure 3. (A), Integrity of milk fat globule (MFG) RNA obtained from postpartum days
2-5. RIN, RNA integrity number. Data shown as meantSEM. (B) Sample counts obtained from MFG
transcriptomes. Raw counts were normalised for sequencing depth and expressed as log, counts per
million showing uniform distribution between samples from postpartum days 2-5. Data shown as box
plots. (C) Principal components analysis of MFG transcriptomes from postpartum days 2-5 according to
RIN value. Each dot represents one MFG sample. D, postpartum day.



Supplementary Figure 4. Comparison of milk fat globule gene expression
with human and mouse tissues, and assessment of transcript abundance
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Supplementary Figure 4. (A-B) Enrichment analysis of the 10 most highly expressed genes in the milk
fat globule (MFG) transcriptome from days 2-5 postpartum compared with human and mouse tissues
from (A) Genotype-Tissue Expression (GTEx) and (B) Mouse Gene Atlas databases. (C) Pie chart
showing relative transcript abundance of the 10 most highly expressed MFG genes. (D) Total number
of MFG transcripts in high (red), medium (blue) and low (black) insulin resistance (IR) groups according

to postpartum day.



Supplementary Figure 5. Association of insulin resistance and body mass index

with milk fat globule gene expression
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Supplementary Figure 5. (A) Principal components analysis of MFG transcriptomes from postpartum days
2-5. show clustering of samples according to insulin resistance (IR) category on day 2. Each dot represents
one MFG sample. (B) Volcano plot showing differentially expressed genes (DEGs) obtained from a
comparison of medium vs. low IR groups. (C) Venn diagram showing the number of overlapping genes
obtained from comparison of medium vs. low IR groups with high vs. low IR groups. (D) Volcano plot
showing DEGs obtained from a comparison of body mass index (BMI) <25 kg/m? vs. BMI >25 kg/m?. (E)
Venn diagram showing the number of overlapping genes obtained from comparison of BMI <25 kg/m? vs.
BMI >25 kg/m?2with high vs. low IR groups. Numbers of upregulated and downregulated genes are shown

Log, fold change

in red and blue, respectively.
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Supplementary Figure 6. Correlations between milk fat globule gene
expression and the plasma leptin: adiponectin ratio
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Supplementary Figure 6. Differentially expressed genes are shown from a comparison of high vs. low insulin
resistance groups on postpartum day 2. Genes are grouped into the following categories: (A) Top
upregulated genes; (B) Top downregulated genes; (C) Mitochondrial genes; (D) Lactation genes; and (E)
Insulin receptor signaling genes. Pearson correlation coefficient (r) and associated p values are shown in
each graph. CPM, counts per million.



Supplementary Figure 7. Association of plasma leptin: adiponectin ratio with
number of cells in the milk fat globule fraction
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Supplementary Figure 7. (A) Milk processing and flow cytometry protocol. (B) Representative dot plots
showing flow cytometry gating of cells derived from the milk fat globule (MFG) fraction. FSC-A, forward
scatter area; SSC-A, side scatter area; FSC-H, forward scatter height. (C-E) Quantification of (C) total cells
(DRAQ5"), (D) CD457, and (E) CD45* cells obtained from the MFG fraction per mL of milk. (F-H) Correlation
between leptin-adiponectin ratio (LAR) and (F) number of total cells (DRAQ5*), (G) CD45 or (H) CD45*
cells. The Pearson correlation coefficient (r) and associated p values are shown.




Supplementary Figure 8. Association of serum C-reactive protein at 36 weeks’
gestation with milk fat globule gene expression on postpartum day 2

A s, n=5 n=5 n=5 B 15— C
High vs. low CRP High vs. low IR
- . (n=67 DEGS) (n=4425 DEGs)
S ° =3 * CCNL1
£ 10; 8 10
-~ [)
& 3
E:) e a4
E s KX 8 5 i 18
@ ° ' LSS e > KLF6
? m ol PG
[ J
0 poee 0 T - T
S S -2 0 2
& Log, fold change

Supplementary Figure 8. (A) Participants (n=15) were divided into low, medium and high tertiles (n=5
per tertile) based on serum CRP values measured at 36 weeks’ gestation. (B) Volcano plot showing
differentially expressed genes (DEGs) obtained from a comparison of postpartum day 2 MFG
transcriptomes from participants in high vs. low CRP tertiles. DEGs with log, fold-change of 0.5 and
meta q value of <0.05 are shown in red (upregulated) or blue (downregulated). Grey dots represent
genes not meeting the fold-change or significance thresholds. (C) Venn diagram showing the number of
overlapping genes between participants in the high IR and high CRP groups. Numbers of upregulated
and downregulated genes are shown in red and blue, respectively.



Supplementary Figure 9. Effect of Akt knockdown on the RNA expression of AKT1-3
isoforms, beta-casein and insulin receptor in MCF-12A cells
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Supplementary Figure 9. RNA expression of (A) AKT1-3 isoforms, (B) beta-casein (CSN2), and (C)
insulin receptor (INSR) in untransfected MCF-12A cells (grey) or cells transfected with scrambled siRNA
(Scr-siRNA, black) or Akt-targeted siRNA (AKT-siRNA, red). Each dot represents an individual well of
MCF-12A cells. RNA expression is shown as meantSEM fold-change compared to untransfected cells.
**%*p<0.0001. One-way ANOVA was used to compare groups.



Supplementary Figure 10. RNA quality assessment, principal components analysis, and
clustering of MCF-12A transcriptomic data
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Supplementary Figure 10. (A) RNA integrity number (RIN)
analysis of control and insulin-treated cells (n=3-5
replicates per condition). Data shown as mean +SEM. (B)
Sample counts obtained from MCF-12A transcriptomes.
Raw counts were normalised for sequencing depth and
expressed as log2 counts per million showing uniform
distribution between samples. Data shown as box plots.
(C) Principal components analysis of untransfected and
AKT siRNA-transfected cells with or without insulin.
Biological replicates (n=5) from each condition cluster
together with clear separation of control and insulin
groups. (D) Silhouette analysis showing grouping of genes
into K=4 clusters based on temporal changes in expression.
Average silhouette width (aveiiCj s_i) indicates degree or
quality of clustering. j =cluster, i = gene, n_j = number of
genes assigned to a cluster.



Supplementary Figure 11. Number of overlapping differentially expressed genes in MCF-
12A cells treated with 10 nM and 100 nM insulin

A B
10 nM insulin 100 nM insulin 10 nM insulin 100 nM insulin
Upregulated genes Downregulated genes

Supplementary Figure 11. Venn diagrams showing the number of overlapping (A) upregulated and
(B) downregulated genes between MCF-12A cells treated with from 10 nM or 100 nM insulin.



Supplementary Figure 12. Characterization of beta-casein, insulin receptor and
insulin-mediated Akt signalling in HC11 cells
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Supplementary Figure 12. (A) Csn2 and (B) Insr expression in HC11 cells were longitudinally assessed
during cell differentiation over 7 days. Fold-changes are shown in comparison to day 1 expression
values. D day. *p<0.05 and ****p<0.0001 compared to cells at day 1. (C) Virtual capillary protein
electrophoresis blots showing phospho- and total-Akt responses at 5 min, 30 min, 2 hours and 8 hours
in cells treated with 0, 10 or 100 nM insulin. (E) Quantitative analysis of pAkt expression normalised to
total Akt expression (n=4 biological replicates). Data shown as mean+SEM. ****p<0.0001 compared to

untreated HC11 cells.



Supplementary Figure 13. RNA quality assessment, principal components

analysis, and clustering of HC11 transcriptomic data

154 15—

10 R 10

==

0 T

RIN

Log, counts per million

T T
Control Insulin Control Insulin

PC2

0.1 T T T T
0.3 -0.2 -01 00 01 0.2

0.4

0.3
s

0.2
0.1

0.0

“

PC1

@ Control
@ Insulin (100nM)

Supplementary Figure 13. (A) RNA integrity number (RIN) analysis of control and insulin-treated cells
(n=5 replicates per condition). Data shown as mean + SEM. (B) Sample counts obtained from HC11
transcriptomes. Raw counts were normalized for sequencing depth and expressed as log, counts per
million showing uniform distribution between samples. Data shown as box plots. (C) Principal
components analysis of control cells and cells treated with insulin for 8 hours. Biological replicates (n=5)
from each condition cluster together with clear separation of control (black) and insulin (red) groups.



Supplementary Figure 14. Mitochondrial processes influenced by insulin in HC11 cells

A He

IMS

?n

IMM

Q)

Matrix AH*+ O, + 4e

NADH NAD* Succinate Fumarate O ADP + Pi =% ATP

B Cytosol Mitochondrial compartment
TIM ;haperones
Timm8a1 \ Coenzyme Q
,,,,,,,,,,,,,,,,,,,,,,,,,,,, Timméb @ | oythesis
{subunits and § Timm10b i MICOS
iassembly factors  : Timm13, o Hspd1 Coq7 (cristae formation)
i1: 32 genes : Hspel Chcdé
!: 3 genes : translocase_p, P Micos10
1l: 7 genes Timm22 Folding of imported . . Micos13
HIV: 15 genes iTOM complex/ | A nuclear proteins mt protein synthesis
iV: 16 genes ; Tommé 0 14 LSU
i Tomm40 ' mt-t-RNA genes s ™
‘Cytochrome proteins |7 d = synthetases—, . DL W4—
iCycs ; Gars 115U ™
iCyel ; Fe-S transfer L _genes MRNA mtDNA
iFe-S cluster i Cisd1 Qrsi1 mt ribosomes processing - replication
ibiosynthesis proteins O Fastkd5 — stomi2
iBola3 ! Electron-transfei Apex1 Endog
iGlrx5 : Cyb5b
INful :

Matrix IMS  IMM  MOM

Supplementary Figure 14. (A) Schematic of electron transport chain showing complexes encoded by
upregulated genes in HC11 cells (red). Q, co-enzyme Q; Cyt C, cytochrome C. (B) Schematic showing
involvement of upregulated genes (red) in mitochondrial biogenesis processes in HC11 cells. IMS,
inter-mitochondrial membrane space; IMM, inner mitochondrial membrane; MOM, mitochondrial
outer membrane.



Supplementary Figure 15. Transmission electron microscopy of mitochondria in HC11 cells
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Supplementary Figure 15. (A) Protocol for transmission electron microscopy involving high pressure
freezing of cells treated with insulin for 24 hours.(B) Representative mitochondrial images are shown
for each condition, with zoomed-in images shown at the bottom.



Supplementary Figure 16. PGC-1a expression in response to insulin treatment and
evaluation of transcription factors involved in insulin-mediated mitochondrial biogenesis
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Supplementary Figure 16. (A) PGC-1a RNA expression in HC11 cells treated with 0 or 100 nM insulin for 8
hours. Data shown as mean+SEM. ***p<0.0001 (unpaired t-test). (B) Capillary protein electrophoresis
blots showing PGC-1a protein expression and total protein in HC11 cells treated with 0, 10 or 100 nM
insulin for 8 hours. (C) Quantitative analysis of PGC-1a protein expression normalised to total protein (n=3-
4 biological replicates). Data shown as meanzSEM. (D) STRING network analysis of transcription factors
predicted to interact with differentially expressed mitochondrial genes identified in insulin-treated cells.
Nodes represent genes and edge thickness indicate interaction confidence level. Orange and blues nodes
represent transcription factors identified in either lactating mammary gland or skeletal muscle,
respectively. Pink nodes represent transcription factors identified in both lactating mammary gland and
skeletal muscle.



Supplementary Figure 17. Examples of protein blot and qPCR technical replicates
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Supplementary Figure 17. (A) Representative protein blots showing duplicate analyses of
phospho-Akt (pAkt) and total Akt proteins (n=2 technical replicates). (B) Representative qPCR
melt curve plots showing expression analysis of target genes (AKT1, INSR and PRDX1)
performed in triplicate (n=3 technical replicates).



Supplemental Methods

Study site

This single centre study was undertaken at the John Radcliffe Hospital, Oxford, UK; which is a
tertiary referral center with a maternity unit and infant feeding team. Although not Baby Friendly
Initiative (BFT) accredited, all mothers receive guidance on breastfeeding during antenatal visits.
Early postpartum care includes mothers rooming-in with their infants, and encouragement to initiate
skin-to-skin contact as soon as possible after birth and commence breastfeeding within the first

postpartum hour.

Participant exclusion criteria

Participants were excluded if there was a history of prior breast surgery, presence of severe maternal
illness including postpartum depression or psychosis, infant prematurity or severe infant illness
including major congenital abnormalities, or if there was prolonged separation of infant from mother

such as admission to the neonatal unit (1). No participants had a prior diagnosis of breast hypoplasia.

Flow cytometry analysis of the milk fat globule fraction

Flow cytometry was performed with a Cytek® Northern Lights three-laser flow cytometer (Cytek
Biosciences, USA), and spectral profiles of each fluorophore were unmixed using SpectroFlo®
software (Cytek Biosciences, USA), and appropriate single-stain and unstained controls used to
account for autofluorescence. Instrument startup and quality control was performed prior to
acquisition according to the manufacturer’s instructions. Volumetric counting was undertaken on
sample volumes of 200 uL to obtain absolute quantification of CD45" and CD45" cells in the MFG
fraction. Manual gating was applied to identify singlet nucleated structures, as reported (2, 3). The

number of cells in the MFG fraction obtained from 1mL of milk was calculated.

Induction of f-casein expression in cultured mammary cells



Differentiation of the human MCF-12A cell line to B-casein expressing cells was performed by
culturing cells on Transwell inserts with 0.4 pm pore size (Sarstedt, Germany) coated with growth-
factor-reduced Matrigel (1:4 dilution, CORNING, USA), as reported (4). The differentiation protocol
involved cells being cultured in complete medium for one day, followed by 3 days in differentiation
media consisting of DMEM/F12 with 5% horse serum, 1.4 uM hydrocortisone, 0.1 pg/mL human
prolactin (Thermo Fisher Scientific, USA), and 10 nM insulin (Sigma, USA).

Differentiation of the murine HC11 cell line to B-casein expressing cells was performed by
growing cells in complete medium until confluency, followed by 2 days of EGF withdrawal and then
culturing for 2 days in in differentiation media consisting of RPMI 1640 medium with 0.1 uM
dexamethasone (Sigma, USA), 1 pg/mL prolactin (Thermo Fisher Scientific, USA), and 10 nM

insulin (Sigma, USA) (5).

SIRNA transfection
MCF-12A cells were seeded onto Matrigel-coated transwell inserts at a density of 3x10° cells/insert in
a 6-well plate. Upon reaching 70-80% confluency in complete medium without

penicillin/streptomycin, cells were transfected with either Silencer® siRNA targeting Akt (Gene ID:

103719) or a non-targeting Silencer™ select siRNA (scramble) (ThermoFisher Scientific, USA).
Transfection was performed using Lipofectamine RNAIMAX (ThermoFisher Scientific, USA) in
penicillin/streptomycin-free differentiation medium. In brief, siRNA-lipid complexes were prepared
in Opti-MEM"® I reduced serum medium (Thermo Fisher Scientific, USA), and following 20 min
incubation, were added to cells to achieve an siRNA concentration of 50 nM. Akt RNA and protein

expression were assessed at 48 hours and 72-96 hours, respectively, following siRNA transfection.

RNA sequencing
RNA samples were quantified using Qubit 4.0 Fluorometer (Life Technologies, USA) and RNA
integrity assessed using the Agilent 5300 Fragment Analyzer (Agilent Technologies, USA). For MFG

samples, ribosomal RNA depletion was used for sequencing library preparation. For intact mammary



cell line RNA (RIN>6), poly-A selection with Oligo (dT) beads was used. RNA libraries were
prepared using the NEBNext Ultra II RNA Library Prep Kit for [llumina (NEB, USA). Sequencing
was undertaken using the [llumina NovaSeq 6000 with 2x150 paired-end reads and a sequencing
depth of 50 million reads per sample. Raw sequence data was converted into fastq files and de-
multiplexed using [llumina bcl2fastq program version 2.20. Sequences were aligned to the mouse

(mm9, NCBI Build 37) or human (hg19, GRCh37) genomes to generate read count tables.

Differential gene expression analysis

Sequencing data was analysed using Omics Playground (BigOmics Analytics, Switzerland). Pre-
processing of raw counts included normalization to sequencing depth and log transformation to yield
log> counts per million (CPM). Filtering was applied so that transcripts with CPM>1 in at least k
samples were kept, where k = size of smallest experimental group. To account for differences in RNA
integrity in the MFG dataset, we used Omics Playground built-in surrogate variable analysis (SVA)
method using RIN values as covariates. To increase statistical reliability, DEG analysis was performed
using limma, edgeR, and DESeq?2 for cultured cell data; whereas DESeq2 (Wald and likelihood ratio
tests) was used to assess MFG DEGs. FDR-adjusted p-values (q) were combined where meta-q for a
gene represents the lowest q-value among the methods. Significant DEGs were based on log, fold
change values >0.5 for upregulated genes and <-0.5 for downregulated genes, with meta-q threshold
of 0.05. For exploratory analysis of MFG data, the meta-q threshold was lowered to 0.1.

Biological pathway enrichment and gene-set enrichment analysis (GSEA) was undertaken
using GO, WikiPathways, Reactome, BioPlanet, InterPro, HumanCyc datasets, with statistical
analysis involving Fisher’s exact test, single-sample GSEA (ssGSEA), and gene set variation analysis
(GSVA). Statistical significance was determined based on mean log, fold change within each gene set
with threshold values >0.5 for upregulation and <-0.5 for downregulation, and using q- or meta-

q<0.05.

Comparison of MFG transcriptome with other tissues



The Enrichr web-based tool was to compare the MFG transcriptome with other tissues (6). The most
highly expressed MFG genes (top 10%) on days 2-5 postpartum were assessed for enrichment using
human GTEX and Mouse Gene Atlas (7-9). Enrichment scores were calculated based on the adjusted
p-value (Fisher’s exact test with Benjamini-Hochberg correction for multiple hypotheses) and odds
ratio calculated as: odds ratio = (1.0*a*d)/Max(1.0*¥b*c, 1), where: a represents the number of genes
shared between the input and annotated gene sets; b and ¢ are the numbers of genes unique to the
annotated set and the input set, respectively; and d corresponds to the number of genes in the
background that are present in neither the input nor the annotated set. Enrichment was considered

significant at adjusted p<0.05.

Analysis of temporal gene expression using TMixClust

TMixClust utilised transcript per million (TPM) values with expression values for each gene
normalized to mean of 0 and standard deviation of 1. The mean expression value for control and
treatment groups were calculated at each study time-point, followed by subtraction of the control
group mean value from the treatment group mean value. This procedure resulted in a 2,367 x 4 matrix
(rows = genes, columns = time points) for input into TMixClust. Analysis of this dataset using a range
of K=2 to 8 clusters was performed, with 10 clustering runs and the iteration with the highest
likelihood selected per value of K. Silhouette plots generated by TMixClust were used to select the
value of K with the best clustering cohesion, with K=4 providing the best solution and larger values of
K overfitting the data. For cluster GSEA, filtering was applied after clustering to only include genes
that were also expressed in human MFG transcriptomes (with median TPM >0.5). This resulted in

1,086 genes from the MCF-12A dataset being used for cluster GSEA.

In silico transcription factor analysis

Transcription factor identification involved significance thresholds being set to an FDR-adjusted p
value of 10 calculated from Model-based Analysis of ChIP-Seq (MACS) computational method
(10). We used the STRING database (https://string-db.org/) to generate an interaction network for

transcription factors binding to mitochondrial genes. The minimum required interaction score was set



to 0.4 and singletons excluded. The network diagram was then modified using Cytoscape (3.10.3)

(https://cytoscape.org/).

In silico inflammatory gene analysis

HumanBase was used to generate a mammary gland-specific interaction network of inflammatory
genes (11). Briefly, inflammatory genes were determined by cross-referencing MFG DEGs with the
inflammatory response gene set (Hallmark dataset) (12). Genes with shared functions based on GO
terms were clustered together in functional modules (13). Nodes and edges represent genes and
functional interactions between genes, respectively. Node size corresponds to the number of direct

connections to other nodes within the network.

Quantitative PCR analysis of cultured mammary cells

MCF-12A gene expression was assessed by qPCR using predesigned human primers (Sigma,
USA): CSN2 (Forward: 5'-GCTCAACCAAGAACTTCTAC, Reverse: 5'-
CACTAATGGGGTTATGAACTG). INSR (Forward: 5'- GATCCAATCTCAGTGTCTAAC, Reverse:

5'-CCTTTGAGGCAATAATCCAG), AKTI (Forward: 5'-AAGTACTCTTTCCAGACCC, Reverse:
5'- TTCTCCAGCTTGAGGTC), AKT2 (Forward: 5'- CACCATGAATGAGGTGAATAC, Reverse: 5'-
CTACGGAGAAGTTGTTTAAGG), AKT3 (Forward: 5'- TTCTTCTCTGGAGTAAACTGG,

Reverse: 5'- TTGCTGACATTTTTCAGGTG). Housekeeping genes included FAM190B ((Forward:
5'- GGAGTGTGACAATATGAACC, Reverse: 5'- TCTGCTCAAGTCACTTTTTC ), YWHA?2
(Forward: 5'- AACTTGACATTGTGGACATC, Reverse: 5'- AAAACTATTTGTGGGACAGC),
SYMPK (Forward: 5'-ATGAGGACAAAGACTTGGAG, Reverse: 5'-
GACCAGATTAGCCACATTATC).

HC11 gene expression was assessed by qPCR using predesigned mouse primers (Sigma,
USA): Csn2 (Forward: 5'-GTATTTCCAGTGAGGAATCTG, Reverse: 5'-
ATTGCAAGAGATGGTTTGAG) and /nsr (Forward: 5'-AAGACCTTGGTTACCTTCTC, Reverse:

5'-GGATTAGTGGCATCTGTTTG). Housekeeping genes included Actb (Forward: 5'-



GATGTATGAAGGCTTTGGTC, Reverse: 5'-TGTGCACTTTTATTGGTCTC), B2m (Forward: 5'-
CGAACATACTGAACTGCTAC, Reverse: 5'-AGCCAGGATATAGAAAGACC), and Prdx]
(Forward: 5'-CATGGATTACCATAGTTGGC, Reverse: 5'-CCTAGTCTACAGAGTTCCAG). Stock
primers (100 uM) were diluted to 10 uM in RNase-free water and stored at -20°C until further use.
Each qPCR reaction was prepared with PowerUP SYBR Green PCR master mix (Applied
Biosystems, USA) in a final volume of 10 pL and conducted on the QuantStudio 3 real-time PCR
system (Applied Biosystems, USA). Samples were analysed in triplicate. Threshold cycle (Ct) values
were determined using Design and Analysis software (Thermo Fisher Scientific, USA). Mean Ct
values for each sample were normalized to the housekeeping gene geometric mean and expressed as

fold-change relative to control using the 224 method.

Capillary-based protein electrophoresis of cultured mammary cells

Phospho- and total protein quantification was performed using capillary-based electrophoresis (JESS,
Simple Western™ instrument, Bio-Techne, USA). Protein lysates were diluted in 0.1x sample buffer
and 1x fluorescent master mix to achieve a final concentration of 0.3-0.6 pg/uL in the presence of
molecular weight markers and 400 mM dithiothreitol (SimpleWestern, Bio-Techne, USA). This
preparation was denatured at 95°C for 5 min and a total of 4 uL was loaded into capillaries in the 12—
230 kDa JESS separation module (SimpleWestern, Bio-Techne, USA) along with antibodies and
chemiluminescence reagents, described as follows: primary antibodies were purchased from Cell
Signalling Technology (USA) and prepared in antibody diluent (SimpleWestern, Bio-Techne, USA),
including: phospho-Akt (S473) (D9E #4060, 1:100 dilution), total Akt (E7J2C #58295, 1:100
dilution), and PGC-1a (3G6 #2178, 1:50 dilution); chemiluminescence detection was conducted using
peroxide/luminol-S and anti-rabbit (#042-206) or anti-mouse (#042-205) HRP-secondary antibodies
(#DM-001 and #DM-002, SimpleWestern, Bio-Techne, USA). Chemiluminescence intensity plotted
against the migration distance corresponding to protein molecular weight were used to generate
electropherograms using the Compass for SimpleWestern analysis software. The protein detection

module (#DM-TPO1, SimpleWestern, Bio-Techne, USA) was used to quantify lysate total protein.



Target proteins were quantified based on area-under-the-curve of the target peak and visualized as a

virtual blot. Target protein expression was normalized to total protein or total Akt.

Confocal mitochondrial imaging

Images were acquired using an Olympus [Xplore Spin-SR, using a 50 um pinhole confocal spinning
disk and a Hamamatsu ORCA Fusion BT camera. Imaging was performed using a 60x silicone oil
lens with a numerical aperture of 1.3. Z-stacks were acquired spanning a total depth of 11.34 pm with
z-spacing of 0.42 pm. Cells were imaged in a 37°C and 5% CO; environmental chamber. This study
involved n=2 biological replicates (2 individual wells) per treatment. Around 7,000-10,000

mitochondria were imaged from 5-10 images per treatment group obtained from n=2 individual wells.

Mitochondrial morphology and volume analysis

Analysis was performed using the ImageJ plug-in Mitochondria Analyzer. Images were converted into
8-bit and transformed into binary images using adaptive thresholding (block size: 1.45 um, C-value:
13). For 2D analysis, maximum intensity projections were generated from z-stacks, thresholded, and
analysed using the 2D pipeline (14). Measurements of mitochondrial length and number of branches
were obtained from each image. For 3D analysis, z-stacks comprised of 27 slices were thresholded
and analysed using the 3D pipeline (14) to assess mitochondrial volume, and the sphericity index,
which indicates how closely each mitochondrion resembles a perfect sphere calculated as 36m(V?*/S?),

where V is volume and S is surface area.

Transmission electron microscopy mitochondrial imaging

HCI1 cells were seeded onto poly-l-lysine-coated sapphire discs in 24-well plates and underwent
differentiation to B-casein expressing cells over 7 days. Insulin was removed overnight followed by
insulin treatment (0, 10, 100 and 1000 nM) for 24 hours. High-pressure freezing (EM PACT2, Leica,
Germany) was used to preserve native cell structures. Samples were maintained at —90°C in an AFS2
(Leica, Germany) freeze substitution device for 44 hours in a solution of 0.1% uranyl acetate, 1%

osmium tetroxide (TAAB Laboratory Equipment, UK), and 0.5% anhydrous glutaraldehyde (Agar



Scientific, UK). The temperature was then raised to 4°C over a period of 25 hours through a series of
controlled warming phases. Samples were washed with acetone (Sigma, USA), infiltrated with low
viscosity resin (TAAB Laboratory Equipment, USA), and polymerized at 60°C. Sections of 90 nm
were collected on EM grids and imaged using a 120KV transmission electron microscope (JEOL

1400Flash TEM). This study involved n=2 biological replicates (2 individual wells) per treatment.

Oxygen consumption rate and extracellular acidication rate assays

Cell respiration was assessed using MitoXpress Intra Intracellular oxygen assay and pH-Xtra
Glycolysis Assay, respectively (Agilent Technologies, USA). HC11 cells were seeded in 96-well
plates (10 cells per well), underwent differentiation to B-casein expressing cells, and incubated
overnight in insulin-free RPMI 1640 medium containing 0.1 pM dexamethasone and 1 pg/ml
prolactin prior to OCR and ECAR measurements. For OCR measurement, cells were treated for 24
hours with 0, 10, or 100 nM insulin prepared in insulin-free medium containing 0.1 M
dexamethasone, 1 pg/ml prolactin, and 5% MitoXpress Intra (Agilent Technologies, USA). Where
indicated, 0.1 uM FCCP (Sigma, USA) was used to measure maximal OCR following insulin
treatment (15). For ECAR measurement, cells received the same insulin treatment, followed by CO»-
depletion for 2 hours. Cells were then washed with respiration buffer (1mM K-phosphate, 20 mM
Glucose, 70 mM NacCl, 50 mM KCl, 0.8 mM MgSOs, 2.4 mM CaCl,) and 10% pH-Xtra (Agilent
Technologies, USA) was added. Where indicated, 25 mM 2-deoxyglucose (Sigma, USA) and 1 pM
oligomycin (Sigma, USA) were added to measure glycolytic capacity. Measurements were performed
on the CLARIOstar plate reader (BMG Labtech, Germany) at 37°C and recorded every 15 min for 4
hours at ~21% O,. Fluorescence intensities of MitoXpress and pH-Xtra, were measured in dual-read
time-resolved fluorescence (TR-F) mode (Agilent Technologies, USA). OCR was calculated as the
rate of decline in media O, during the period where O, concentration showed a linear decline. ECAR
was calculated as the change in pH-Xtra probe lifetime per min (ps/min), during the period where
lifetime showed a linear change. This study involved n=5-8 biological replicates (5-8 individual

wells) per treatment.
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