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APPENDIX A: SUPPLEMENTARY MATERIALS AND METHODS

Q-PCR analysis - RNA was extracted from C2C12 cells according to the manufacturer’s protocol
(PureLink™ RNA Mini Kit, Invitrogen). cDNA was generated from 1 pg RNA using the IScript
cDNA synthesis kit (Biorad, Hercules, CA, USA) according to the manufacturer’s protocol.
Quantitative real-time PCR was performed in a final volume of 25 pl containing 12.5 pl
SYBR®Green Supermix (Bio-Rad), 5 pl (10x diluted) cDNA, 4.5 pl RNAse-free water, 1.5 pl
forward primer (2.5 uM) and 1.5 pl reverse primer (2.5 uM). Primers for GAPDH and Glutl-4
were obtained from Biolegio, Nijmegen, The Netherlands (see table below). Amplification of
cDNA was performed using a C1000 Thermal Cycler (Bio-Rad) and fluorescence was analyzed
using the CFX96™ Real-Time System (Bio-Rad). The PCR conditions were 95° C for 3 minutes (1
cycle), 95° C for 15 s and 60° C for 30 seconds (39 cycles), and finally a temperature increase
starting at 65° C to 95° C with 0.5° C intervals. RNA expression (N=3) was normalized against the
mRNA level of GAPDH (DCt) and represented as 2"°°® (Fig. S1).

Primer Direction Sequence

Glutl_mo_cDNA-F1 Forward (5’>3") TGCAGTTCGGCTATAACACTG
Glutl_mo_cDNA-R1 Reverse (5’2 3’) GGTGGTTCCATGTTTGATTG
Glut2_mo_cDNA-F1 Forward (5’>37) TGTGATCAATGCACCTCAAG
Glut2_mo_cDNA-R1 Reverse (5’2 3°) TCATAGTTAATGGCAGCTTTCC
Glut3_mo_cDNA-F1 Forward (5’>3") ACTCTTTGTCAACCGCTTTG
Glut3_mo_cDNA-R1 Reverse (5’2 3°) ATCTTGGCGAATCCCATAAG
Glut4_mo_cDNA-F1 Forward (5’>37) CTTGGCTCCCTTCAGTTTG
Glut4_mo_cDNA-R1 Reverse (5’2 3’) CACGTTGCATTGTAGCTCTG
GAPDH-F1 Forward (5’>3") TGATGGGTGTGAACCACGAG
GAPDH-R1 Reverse (5’2 3°) GGGCCATCCACAGTCTTCTG

Single cell pH measurements — For cytosolic pH analysis, C2C12 myoblasts were loaded with the
pH-sensitive reporter molecule BCECF (2',7'-Bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein)
(Life Technologies - Molecular Probes, Bleiswijk, The Netherlands) by incubating them with 5
UM of the BCECF acetoxy-methyl (AM) ester form (BCECF-AM) in HT buffer for 15 min at 37° C
in the dark. Subsequently, cells were washed 3 times with HT buffer and imaged using an inverted
microscope (see above). The H*-bound form of BCECF was excited at 440 nm (100 ms) using a
505DRLPXR dichroic mirror (XF2031; Omega). The H*-unbound form of BCECF was excited at
490 nm (100 ms) using the same dichroic mirror. Fluorescence images were recorded at 530 nm
using a 535AF45 emission filter (XF3084; Omega). The ratio between the emission signal obtained
at 490 and at 440 excitation was used as a measure of cellular pH (1). Time-lapse recordings were
performed using an acquisition interval of 6 s. (Fig. S2C-D)

P/O ratio analysis - To determine the P/O ratio we slightly modified a previously described
approach (2). Briefly, cells were resuspended in mitochondrial respiration medium MiR05 (3)
containing: 110 mM sucrose, 60 mM K'-lactobionate, 0.5 mM EGTA, 3 mM MgCl,, 20 mM
taurine, 10 mM KH,PO,4, 20 mM HEPES adjusted to pH 7.1 with KOH at 30 °C, and 1 g/l BSA
essentially fatty acid-free. Routine O, consumption was recorded as described in the Materials and
Methods section. Next, the plasma membrane was permeabilized using digitonin (10 pg /
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1-10° cells) and malate (MAL, 2 mM) and pyruvate (PYR, 5 mM) were added (Fig. S6). Upon
addition of ADP (220 nM), the O, consumption rate was allowed to decrease to a stable level,
indicating a complete conversion of ADP into ATP. As a quality control (4), mitochondrial integrity
was assessed by adding 10 uM cytochrome-c (cyt-c). The P/O ratio was calculated by dividing the
amount of ADP used by the amount of oxygen used by the mitochondria to consume all the ADP.

APPENDIX B: SUPPLEMENTARY RESULTS

B1l. Validation of the glucose uptake and consumption measurements - Various control
experiments were performed to validate the strategy proposed in the previous section. To block
Glut-mediated GLC uptake we used the inhibitor CytoB. Indeed, C2C12 cells pretreated with
CytoB did not show an increase in [GLC]. upon extracellular GLC application (Fig. S2A).
However, CytoB might also induce F-actin depolymerization at the same concentration that inhibits
cellular GLC uptake (5). To investigate whether this off-target effect was responsible for the
blocking of GLC entry we carried out experiments with the CytoB structural analogue Cytochalasin
D (CytoD). This compound is an established inhibitor of actin polymerization (6) but does not
affect Gluts (7). In contrast to CytoB, GLC entry was not blocked by CytoD in 1AA-treated cells
(Fig. S2A). This strongly suggests that the GLC influx blocked by CytoB is Glut-mediated.
Proteinaceous FRET sensors can exhibit sensitivity to their local environment including pH (8-10).
C2C12 cells transfected with a high-affinity GLC sensor (FLIPglu-170n813V; K= 0.17 uM; (11)
did not display changes in fluorescence ratio signal upon manipulation of the extracellular GLC
level (Fig. S2B). This suggests that this cytosolic sensor is fully in its GLC-bound state
(“saturated”) and that the observed changes in FLII ratio are unlikely caused by GLC-independent
alterations in FRET efficiency. Moreover, in agreement with the data presented in Fig. 1B (upper
panel), the lack of effect on the high-affinity GLC sensor fluorescence signals, directly after GLC
addition, demonstrates that [GLC]ex: changes do not induce cell-volume changes. Cytosolic pH was
not significantly affected by IAA treatment (500 uM for 15 min; Fig. S2C). However, inhibition of
oxidative phosphorylation using piericidin A (PA) or antimycin (AA, see below) induced cytosolic
acidification (Fig. S2C). Therefore we determined whether pH changes affected the fluorescence
ratio signal of FLII by transient addition of extracellular ammonium chloride (1). Using the pH-
sensor BCECF we observed that NH4Cl addition and removal induced cytosolic alkalinization and
acidification, respectively (Fig. S2D; upper panel). However, no changes in the FLII ratio signal
were observed upon acidification (Fig. S2D; lower panel). These results, combined with the
observation that CFP and Citrinerrer emission changed antiparallel (Fig. 1B), make it unlikely that
FLII signals were affected by cytosolic acidification in our experiments.

B2. FLII calibration simulation -Simulating the calibration procedure with the optimal model
(vehicle-condition) predicted that [GLC]. fully equilibrated with [GLC]ex within 30 min for
[GLC]ext <4 mM (Fig. S4A). For [GLC]ext > 4 mM this model predicted that [GLC]. did not fully
equilibrate with [GLC]ex: within this time period (Fig. S4A). However, correcting [GLC]. for this
effect did not significantly affect the FLII calibration curve and its Ky, and Rmax value (Fig. S4B).
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APPENDIX C: SUPPLEMENTARY FIGURES
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Figure S1. mRNA levels of Glut family members in C2C12 myoblasts and respirometry analysis. A gPCR with
primers against mouse Glutl, Glut2, Glut3, and Glut4 was performed on cDNA generated from C2C12 myoblasts. Only
mRNA of Glutl was detected.
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Figure S2. Validation of the experimental strategy for analysis of glucose uptake and consumption. (A) Typical
GLC uptake in cells pretreated with CytoB (open symbols) or CytoD (filled symbols). (B) Typical GLC uptake in cells
expressing a high-affinity GLC sensor (FLIPglu-170n513V). (C) Effect of the various treatments on cytosolic pH. Cells
were pretreated for 30 min with vehicle, PA or AA. Subsequently, cells were loaded with the pH sensor BCECF using a
[GLC]ex: of 0 mM in the absence or presence of IAA. Statistical significance was determined using the Kruskal-Wallis
test: N.s. not significant. (D) Effect of cytosolic pH changes on FLII fluorescence. Cytosolic pH was manipulated by
transient extracellular addition ammonium chloride and monitored using the pH sensor BCECF (upper panel). In
parallel experiments the response of FLII to these changes was determined (lower panel).
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Figure S3. Dose-dependent inhibition of O, consumption by piericidin A and antimycin A in intact C2C12 cells.
0O, consumption rates of C2C12 cells in culture medium upon titration with piericidin A (PA) and antimycin A (AA).
Respiration rates were normalized to basal respiration in the absence of inhibitor. The ICs, value was determined by
fitting a logistic equation (y=[(A1-A,)/(1+(x/ICs))]-A, to the data (R*>0.95), with A; being the initial respiration (i.e.
100%) and A, being the lowest respiration. Residual respiration (ROX) after rotenone (ROT) and antimycin A (AA)
was displayed as percentage of basal respiration.
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Figure S4. Effect of [GLC], on the maximal rate of [GLC]. increase. (A) Typical kinetics of [GLC], upon acutely
increasing [GLC]ex from 0 to 1 mM (left part) and from 1 mM to 2 mM (after a 15 min waiting period; break). The
experiment was carried out in the presence of 1AA to block GLC consumption. The maximal rate of [GLC], increase
was quantified using a linear fit (red lines). (B) Average maximal rate of [GLC]. increase for the experiment depicted in
panel A (N=2 experiments, n=18 cells).
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Figure S5. Effect of the magnitude of [GLC]e: on [GLC], equilibration kinetics as predicted by the optimal
model. (A) Simulations with the vehicle model were carried out to reflect the conditions during the FLII calibration
protocol: At t=ty [GLC].y increases to values (X) used during calibration (see Fig. 1C); the simulation time is 30 min to
reflect the incubation time. Initial conditions: [GLC]qx=25 mM, [GLC].=2.4 mM, V,=0 to reflect the presence of
IAA. After 30 min, full equilibration is predicted (i.e. [GLC]ex=[GLC].) for X=0.1 mM, 1.0 mM, 1.5 mM, 2.0 mM, 3.0
mM and 4.0 mM. Partial equilibration was predicted for X=5.0 mM ([GLC], equals 94% of [GLC]ey), X=6.0 mM
([GLC]. equals 90% of [GLC]eyx) and X=7.0 mM ([GLC], equals 86% of [GLC]ey). The predicted partial equilibration
at higher [GLC]e\ did not affect the FLII calibration curve, since identical values for R? R and K., were obtained
(panel B).

3500 -
3000 4
2500 - Y=1.78+0.079X
2000 -
1500 1
1000 1
500 -

0

Measured volume of C2C12 cell (um?)

S L O O O O O .©
PR S E S
Measured area of C2C12 cell (um?)

Figure S6. Area-volume relationship of C2C12 cells. To calculate the relationship between C2C12 cell area and
volume we used data from 3D morphometric measurements of C2C12 cell (12). The relationship between area and
volume was fitted using a linear equation (slope=1.78+0.08, p=0.001, R?*=0.98). Dotted lines indicate 95% confidence
limits.

Page 6 of 8



Liemburg-Apers et al., 2015, Appendix

200+
180-
160-
140 _
2] o

f

: AO,=46 nmol/ml|

02 level
(nmol/ml)

807 PYR+MAL§
601
404
204 Y
ol >~

Dig ADP

VoY

O, consumption
(pmol/s/ml)

Time (min)

Figure S7. Quantification of P/O ratio in permeabilized C2C12 cells. C2C12 cells were added to the respirometry
chamber and permeabilized using the detergent digitonin (Dig). Subsequently, pyruvate/malate (PYR+MAL) and ADP
(220 nM) were added. The total amount of O, consumed (AO,) following ADP addition allowed calculation of the P/O
ratio. Mitochondrial integrity was assessed by adding cytochrome-c (cyt-c). This figure depicts a representative
example of 4 independent experiments.
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