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Abstract

Metabolic assay buffers often omit bicarbonate, which is susceptible to alkalinisation in an open 

environment. Here, we assessed the effect of including bicarbonate in respirometry experiments. 

By supplementing HEPES-buffered media with low concentrations of bicarbonate, we found 

increased respiration in adipocytes and hepatocytes, but not myotubes. This was observed across 

multiple respirometry platforms and was independent of effects on enhanced insulin sensitivity, 

pH drift, or mitochondrial function. Permeabilised cell experiments suggest that bicarbonate 

increases substrate availability, likely by acting as a cofactor for carboxylase enzymes. This 

emphasises the importance of buffer choice in experimental biology.
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Introduction

The study of cell biology in vitro requires an intricate buffer system that is convenient, 

minimises fluctuations caused by experimental manipulations, and reflects physiological 

conditions. The criteria for an ideal pH buffer were originally outlined by Good et al., who 

characterised a range of buffers compatible with biological experiments [1]. This was 

followed by Eagle, who examined the immense impact of pH buffer choice on cell growth 

[2]. This led to the development of standardised formulae for cell culture media and as 

media became commercially available, research into buffer optimisation diminished. 

Address correspondence to: David E. James, Charles Perkins Centre, The University of Sydney, Sydney, New South Wales, 2050, 
Australia. david.james@sydney.edu.au, Phone: +612 8627 1621.
4These authors contributed equally to this work

Author Contributions: Conceptualisation, J.R.K. and D.E.J.; Investigation, J.R.K., K.F-W., and D.J.F.; Data analysis, J.R.K. and K.F-
W.; Writing – original draft, J.R.K. and K.F-W; Writing – editing and reviewing, all authors; Resources, funding acquisition, and 
supervision, D.M.M. and D.E.J.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Biochem Biophys Res Commun. Author manuscript; available in PMC 2018 August 05.

Published in final edited form as:
Biochem Biophys Res Commun. 2017 August 05; 489(4): 399–403. doi:10.1016/j.bbrc.2017.05.151.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



However, recent studies have demonstrated there is still a need to better balance the 

physiological and logistical aspects of buffers used in cell biology experiments (e.g., [3]).

In metabolic experiments, the typical bicarbonate pH buffer used in cell culture media is 

susceptible to alkalinisation when not maintained at 5-10% CO2 and thus does not permit 

frequent manipulations in an open environment outside the CO2 incubator. Consequently, 

bicarbonate is often substituted by HEPES, which meets Good's buffer criteria [1] and is in 

standard mitochondrial assay buffers for cultured cells [4]. Furthermore, a popular tool in 

bioenergetics experiments is the XF Analyzer system [5], for which pH-buffer-free media is 

recommended by the manufacturer to facilitate extracellular pH flux measurements 

(Seahorse BioScience).

However, as the endogenous buffering system in mammals, bicarbonate is essential for 

metabolism for several reasons. First, it serves as a nutrient for carboxylation reactions, such 

as by acetyl-CoA carboxylase in lipogenesis. Second, bicarbonate alters cellular signalling 

responses, for example improving insulin sensitivity [6]. Third, it permits pH fluctuations in 

the cytosol, which can regulate metabolism (e.g., glycolysis [7]). Consequently, we assessed 

the potential for including bicarbonate in bioenergetic experiments. We found that 

bicarbonate increased mitochondrial respiration across multiple instruments in a cell-specific 

manner, with evidence suggesting this is due to enhanced substrate availability. This 

emphasises the importance of buffer choice in experimental biology.

Materials and Methods

Cell culture

3T3-L1 fibroblasts were passaged and differentiated into adipocytes as described previously 

[8], using Dulbecco's modified Eagle's medium (DMEM, bicarbonate-buffered) 

supplemented with 10% (v/v) foetal bovine serum and 2 mM GlutaMAX (Media A). For 

intact-cell experiments, adipocytes were used between days 9 and 12 after the initiation of 

differentiation. L6 myoblasts were cultured and diffrentiated into myotubes as described 

previously with slghtly modifciations [9]. Myoblasts were passaged using α-minimal 

essential medium (α-MEM) containing GlutaMAX supplemented with 10% (v/v) foetal 

bovine serum and differentiated into myotubes by switching to α-MEM containing 

GlutaMAX supplemented with 2% (v/v) horse serum. L6 myotubes were used between days 

5 and 7 after the initiation of differentiation. AML12 cells were cultured in high glucose 

(4.5g/L) DMEM, supplemented with 10% fetal bovine serum (ThermoFisher, USA). Unless 

otherwise stated, the DMEM used in cell culture and experiments was buffered solely by 

bicarbonate.

Respirometry using the XFp and XF24 Analyzers (Seahorse Biosciences, MA, USA)

On Day 7-8 of differentiation, 3T3-L1 adipocytes were trypsinised with 5× Trypsin/EDTA 

(Life Technologies) in phosphate-buffered saline (PBS) and seeded onto XFp cell culture 

plates coated with Matrigel (Corning, distributed by Sigma-Aldrich (Castle Hill, NSW, 

Australia)) and cultured in Media A prior to experimentation. L6 myoblasts were seeded 

directly onto Matrigel-coated XFp culture plates, then cultured and differentiated into 
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myotubes. Prior to the assay, cells were washed 3 times with PBS, once with bicarbonate-

free DMEM buffered with 30 mM Na-HEPES, pH 7.4 (DMEM/HEPES), and then incubated 

in DMEM/HEPES supplemented with 0.2% (w/v) BSA, 25 mM glucose, 1 mM GlutaMAX 

and 1 mM glutamine (Media B), for 1.5 h in a non-CO2 incubator at 37 °C. Cells were then 

washed once with PBS, once with DMEM/HEPES, and assayed in the XFp Analyzer in 

Media B without BSA and supplemented with or without 10 mM NaHCO3. During the 

assay, respiration was assayed with mix/wait/read cycles of 3/0/2 min for 3T3-L1 adipocytes 

and 2/0/2 min for L6 myotubes. Following assessment of basal respiration, the following 

compounds (final concentrations in parentheses) were injected sequentially: insulin (100 

nM), oligoymcin (10 μg/ml), BAM15 (10 mM), rotenone/antimycin A (5 μM / 10 μM). All 

of these reagents were obtained from Sigma-Aldrich, except BAM15, which was provided as 

a gift from Kyle Hoehn (UNSW, Australia). After the assay, the media was aspirated and 

DNA content was measured by Hoechst staining as described previously [10], except 

following freeze-thaw lysis in 50 μl water per well, 50 μl TNE buffer (10 mM Tris-HCl pH 

7.4, 2 M NaCl, 1 mM EDTA) was added to the wells. Lysates were then transferred to a 96-

well plate before staining with 100 μl Hoechst solution, containing 10 μg/ml Hoechst-33342 

(Life Technologies, instead of Hoechst-33258) in a 1:1 mixture of water and TNE buffer, 

and subsequent fluorescence measurement.

For AML12 experiments, cells were seeded into XF24 tissue culture plates at a cell density 

of 60,000 cells/well. Cells were cutured in the XF24 plates for 48 h and then assayed. Prior 

to respirometry analysis, cells were washed once with PBS and then incubated for 1 h in 

bicarbonate-free DMEM/HEPES media in a non-CO2 incubator at 37 °C. Fresh DMEM/

HEPES media supplemented with or without 10 mM NaHCO3 was then added to the cells 

and the plate was placed inside the XF24 analyzer. During the assay, respiration was assayed 

with mix/wait/read cycles of 2/1/2 minutes. Following assessment of basal respiration, the 

following compounds (final concentrations in parentheses) were injected sequentially; 

insulin (100 nM), oligomycin (5 mM), trifluorocarbonylcyanide phenylhydrazone (FCCP, 5 

mM), rotenone/antimycin A (5 μM / 5 μM). At the conclusion of the assay, cells were 

washed once with PBS, lysed in RIPA buffer and protein content was determined via the 

BCA protein assay (ThermoFisher, USA).

For each experiment, NaHCO3 was added fresh and the final pH was adjusted to 7.4 at 

37 °C, such that the media with and without NaHCO3 were within 0.05 pH units of each 

other.

Respirometry using the O2K Electrode (Oroboros Instruments, Innsbruck, Austria)

High-resolution O2 consumption measurements were conducted at 37 °C using the 

OROBOROS O2K Oxygraph (Oroboros Instruments, Innsbruck, Austria). For all 

experiments involving non-permeabilised cells, cells were washed with PBS, trypsinised 

with 0.25% trypsin/EDTA, pelleted at 2,000 RPM and then resuspended in a bicarbonate-

free DMEM media containing 25 mM glucose, 2 mM glutamine, and with or without 10mM 

NaHCO3 at a cell concentration of 1.0 × 106 cells/ml. To begin the respirometry assays, cells 

were first loaded into the O2K chambers and allowed to equilibrate to 37 °C. The pH of each 

condition (NaHCO3 vs control) was then assessed via a pH electrode and subsequently 
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clamped at 7.3 using dilute NaOH and/or HCl. The chambers were then sealed and basal 

respiration was assessed for approximately ∼15 minutes. Maximal respiratory flux was 

determined with FCCP (5 μM). The pH of each condition was assessed at the completion of 

each experiment to ensure there was no deviation from 7.3.

For experiments designed to directly assess the mitochondrial oxidative phosphorylation 

system, cell pellets were suspended in respiration buffer [20mM HEPES (pH 7.1), 110 mM 

sucrose, 10 mM KH2PO4, 3 mM MgCl2, 0.5 mM EGTA, 1 g/L BSA], supplemented with 

0.03 mg/ml digitonin and 10 mM sodium bicarbonate or 10mM NaCl. To begin, cells were 

first loaded into the O2K chambers and allowed to equilibrate to 37°C. The pH of each 

chamber was then assessed via a pH electrode and subsequently clamped at 7.1 using dilute 

KOH and/or HCl. The chambers were sealed and state 1 respiration was assessed for 

approximately ∼10 min in the absence of added carbon substrates. Subsequent additions of 

glutamate/malate (10 mM / 2 mM), ADP (2 mM) and succinate (10 mM) were added to 

determine the maximal capacity of oxdative phosphorylation. All permeabilised cell 

experiments included hexokinase (1 U/ml) and glucose (5 mM) to clamp the ADP 

concentration at 2 mM. Cytochrome C (0.01 mM) was added at the completion of all 

protocols to assess the integrity of the inner mitochondrial membrane. The pH of each 

condition was measured again at the completion of each experiment to ensure there was no 

deviation from 7.1.

Glucose uptake and consumption assays

To measure glucose uptake, the glucose analog 2-deoxyglucose (2DOG) was used. Cells 

were washed with PBS and incubated in DMEM supplemented with 0.2% (w/v) BSA and 2 

mM GlutaMAX. After 1.5 h, cells were washed with PBS and assayed for 2DOG uptake as 

described previously [11], using Krebs-Ringer phosphate buffer supplemented with 30 mM 

Na-HEPES with or without 10 mM NaHCO3. 2DOG uptake was normalised to protein 

content, measured using the BCA protein assay (ThermoFisher Scientific, North Ryde, 

NSW, Australia).

To measure glucose consumption following treatments, the plate of cells was chilled on ice 

and media was removed. Media was centrifuged at 2000 × g to remove debris and glucose 

content was measured using the glucose oxidase kit (ThermoFisher Scientific). Naïve 

treatment media was included as a control. Glucose consumption was determined by 

subtracting the glucose content of the conditioned media from the naïve media, and then 

normalised to protein content, measured using the BCA protein assay.

Results

Respirometry experiments within intact cells are typically performed outside of a CO2-

regulated environment (such as a tissue culture incubator). These conditions necessitate 

bicarbonate-free media to circumvent alkalinisation. Although other buffering agents such as 

HEPES stabilise experimental pH, bicarbonate restriction could have a dramatic effect on 

cellular metabolism since bicarbonate acts as a nutrient, alters kinase signalling [6], and 

permits intracellular pH fluctuations [7].
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To determine the impact of bicarbonate on cellular metabolism we employed a HEPES (30 

mM) buffer supplemented with or without 10 mM sodium bicarbonate. This HEPES/

bicarbonate combination has been shown previously to stabilise the pH under ambient CO2 

levels whilst retaining bicarbonate in solution (e.g., [12]). Bioenergetic experiments using 

the Seahorse XFp Analyzer in 3T3-L1 adipocytes revealed bicarbonate-dependent increases 

in basal (10%) and insulin-stimulated (42%) respiration (Fig. 1A; “Bas”, “Ins”). To 

determine if this increase in respiration was caused by increased substrate delivery and/or 

accelerated demand for ATP regeneration, we measured maximal uncoupled oxygen 

consumption in the presence of mitochondrial poisons oligomycin and BAM15 [13]. Under 

these conditions, bicarbonate again increased respiratory flux compared to control cells (Fig. 

1A; “Oligo”, “BAM15”), suggesting that bicarbonate increased respiration via accelerated 

substrate delivery to the mitochondria. Non-mitochondrial respiration, assessed in the 

presence of rotenone and antimycin A, was not different between conditions (Fig. 1A; “Rot/

AA”). Together, bicarbonate substantially increased cellular respiration.

Bicarbonate could be mediating its effect on respiration through increasing insulin-

stimulated uptake of glucose [6] and subsequent delivery of glucose-derived pyruvate to the 

mitochondria. We tested the former by measuring the uptake of 2-deoxyglucose (2DOG), a 

non-metabolisable analog of glucose, following insulin stimulation. Bicarbonate caused a 

leftward shift (reduced EC50) in the dose-response curve for insulin-stimulated 2DOG 

uptake (Fig. 1B-C), corroborating previous findings [6]. However, bicarbonate did not alter 

basal 2DOG uptake (no insulin) or the maximal response to insulin (100 nM) (Fig. 1B-C), 

whereas we did observe significant effects of bicarbonate on respiration under these 

conditions (Fig. 1A). Furthermore, there was no difference in glucose consumption from the 

media in response to insulin (Fig. 1D). Thus, although bicarbonate enhanced adipocyte 

insulin sensitivity, increased glucose uptake cannot explain the bicarbonate-induced 

increases in respiration (Fig. 1A).

Bicarbonate-dependent increases in respiration could also be due to pH fluctuations 

associated with including bicarbonate in respiration media. To address this, we tested the pH 

stability of naïve media in an unsealed environment. Under these conditions, bicarbonate 

caused a time-dependent increase in pH (Fig. 2A). Similar results were obtained in the 

Seahorse XFp instrument (data not shown) and this was exacerbated by higher bicarbonate 

concentrations (Fig. 2A). However, 1 mM bicarbonate exerted a negligible pH drift (<0.05 

units), but still increased respiration in adipocytes (Fig. 2B-C). Furthermore, a buffer set to a 

higher pH (Fig. 2A) in the absence of bicarbonate had no impact on respiration (Fig. 2C). 

Together, these data suggest that bicarbonate increases respiration independent of pH drift.

Next, we tested if the effects of bicarbonate were specific to adipocytes. Under similar 

experimental conditions, bicarbonate had no effect on respiration in L6 myotubes (Fig. 3A). 

In contrast, 10 mM bicarbonate increased basal, ATP-independent and maximal respiration 

(the latter using the uncoupler, FCCP) in AML12 hepatocytes (Fig. 3B), although 1 mM 

bicarbonate or pH 7.65 bicarbonate-free media had no effect (data not shown). Thus, the 

bicarbonate-dependent increase in respiration is a cell-specific phenomenon.
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The respiration experiments presented to this point were performed in a non-sealed system 

(Seahorse XFp or XF24 instrument) in which the ambient air is in constant exchange with 

the media. We hypothesised that the pH drift measured in bicarbonate-containing media 

(Fig. 2A) may be minimised in a sealed system which prevents air-media exchange. We 

tested this using the O2K system. Since this system requires cells to be in suspension, we 

could not use adipocytes as trypsinisation abolishes insulin sensitivity [14] and thus would 

impair adipocyte metabolism. Consequently, we used hepatocytes as they exhibited minimal 

increases in respiration in the presence of insulin compared to adipocytes (Fig. 1A, 2B, 3B). 

We suspended AML12 hepatocytes in HEPES-buffered DMEM with or without bicarbonate 

and loaded them into respective chambers of the O2K and allowed them to air equilibrate for 

∼10 min. The pH of each condition was adjusted to ∼7.3 using dilute NaOH or HCl and the 

O2K chambers were sealed for the duration of the experiment. Assessment of the pH at the 

conclusion of this protocol revealed no bicarbonate-dependent drift in pH (control: pH = 

7.26 ± 0.01; bicarbonate: pH = 7.28 ± 0.02; mean ± SEM from 3 separate experiments). We 

also observed no pH drift with naïve media in the O2K (data not shown). Using these assay 

conditions, basal and maximally-uncoupled respiration was increased with bicarbonate (Fig. 

3C). Thus, the effect of bicarbonate on respiration was consistent across different 

respirometry platforms.

To determine if bicarbonate directly affects the activity of the mitochondrial oxidative 

phosphorylation system, we assessed respiratory function in permeabilised adipocytes and 

hepatocytes in the O2K system under pH clamped conditions. Following digitonin 

permeabilization, bicarbonate had little effect on State III respiration driven by Complex I 

(glutamate/malate) or Complex II (succinate), in both adipocytes (Fig. 4A) and hepatocytes 

(Fig. 4B). In contrast, bicarbonate increased State I and Complex I-driven State IV 

respiration in permeabilised hepatocytes (Fig. 4B). This is consistent with the notion that 

bicarbonate increased respiration in these cell-lines via increasing mitochondrial delivery of 

endogenous substrates.

Discussion

In this study, we assessed the impact of including bicarbonate in respirometry experiments. 

Bicarbonate increased respiration in a cell-specific manner (Fig. 1, 3). This was independent 

of effects on insulin sensitivity (Fig. 1), pH drift (Fig. 2), or mitochondrial function (Fig. 4), 

with evidence suggesting that this is mediated by increased substrate availability (Fig. 4).

Although the 3:1 ratio of HEPES/bicarbonate has been regularly used to study adipocyte 

biology (e.g., [12]), the extent of the pH drift in such media and its effects on respiration has 

not been previously characterised. We showed that bicarbonate increased media pH in a 

dose-dependent manner, but that even the largest measured increases in pH did not affect 

adipocyte respiration in isolation (Fig. 2). These changes in pH can be circumvented by 

either using a sealed environment (Fig. 3) as in the O2K system and as often used in prevous 

studies into adipocyte biology, or through the use of lower bicarbonate concentrations (e.g., 

1 mM for adipocytes) for unsealed systems. Furthermore, the observation of bicarbonate-

increased respiration with both the XFp/XF24 and O2K instruments (Figs. 1-3) 

demonstrates that it is a robust phenomenon and highlights the complementary nature of 
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these instruments when investigating bioenergetics; permitting higher doses of bicarbonate 

in the O2K or allowing for interrogation of bioenergetics in cell-lines not amenable to 

suspension in the XFp/XF24 instruments.

Given that bicarbonate had little effect on myotubes yet increased respiration in adipocytes 

and hepatocytes (both lipogenic cell-types), it is possible that this is driven by an increased 

demand in lipogenesis. However, this is unlikely as bicarbonate increased uncoupler-

stimulated respiration in both adipocytes and hepatocytes, suggesting that bicarbonate 

instead improves respiratory potential. This is likely due to substrate availability, given the 

increased State I respiration (Fig. 4B). This is a biochemically feasible mechanism, given 

that bicarbonate is an essential cofactor for a range of carboxylases in the metabolism of 

glucose (e.g., pyruvate carboxylase), lipid (e.g., acetyl-CoA carboxylase), and amino acids 

(e.g., methyl-crotonyl-coA carboxylase).

In conclusion, the present findings highlight the importance of including bicarbonate as a 

nutrient in metabolic experiments. For instance, it enhanced the effect size of insulin on 

adipocyte respiration (e.g., 130% to 168% in Fig. 1A), which provides a better opportunity 

to delineate the factors driving adipocyte respiration. Therefore, we strongly encourage the 

consideration of bicarbonate in buffers of other open experimental systems (e.g., live-cell 

microscopy) where metabolism plays an essential role in the physiological parameters being 

assayed.
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Highlights

• Bicarbonate increases respiration in adipocytes and hepatocytes.

• This effect was observed across multiple respirometry instruments.

• Mechanistically, this could be due to increased substrate availability.

• This emphasises the importance of buffer choice in experimental biology.

Krycer et al. Page 9

Biochem Biophys Res Commun. Author manuscript; available in PMC 2018 August 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Bicarbonate increases adipocyte respiration independently of insulin sensitivity. (A) 3T3-L1 

adipocytes were incubated with or without bicarbonate (10 mM) and respiration was 

assessed using the XFp Analyzer. Following basal measurements (Bas), cells were 

sequentially treated with insulin (Ins), oligomycin (Oligo), Bam15, and rotenone/antimycin 

A (Rot/AA). Data presented as mean + SEM, from n = 4 separate experiments. (B) 3T3-L1 

adipocytes were assayed for 2-deoxyglucose (2DOG) uptake for a range of insulin 

concentrations, in the presence or absence of bicarbonate (10 mM). Data presented as mean 

± SEM, from at least n = 3 separate experiments for each insulin concentration. (C) The data 

from (B) were used to calculate basal uptake, maximal response (maximal uptake – basal 

uptake), and the insulin EC50. Data presented as mean ± SEM. Responses are in 

pmol/mg/min and EC50 is in nM. (D) 3T3-L1 adipocytes were incubated in Media B (except 

with 10 mM glucose) for 1 h, in the presence of insulin (100 nM) with or without 

bicarbonate (10 mM). Following treatment, glucose consumption was measured by assaying 

the glucose content of the media. Data presented as mean ± SEM, from n = 3 separate 

experiments. * p<0.05, ** p<0.01, using the two-tailed t-test.
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Figure 2. 
Bicarbonate increases adipocyte respiration independently of pH drift. (A) Naïve DMEM/

HEPES was supplemented with varying bicarbonate concentrations (0 to 10 mM) and set to 

pH 7.4 at 37 °C. Media was then dispensed in a 24-well plate (3 wells per media) in a 37 °C 

waterbath and left for 5 min for the temperature to stabilise. This preparation took ∼10 min 

per experiment, after which the pH was measured in every well every 20 min for 120 min. 

Data presented as mean ± SEM from n = 4 separate experiments. (B-C) 3T3-L1 adipocytes 

were incubated in bicarbonate-free media set at pH 7.4 (control), supplemented with 

bicarbonate (1 mM) or set at pH 7.65. Respiration was assessed as described in Fig. 1A. The 

control and bicarbonate data are presented in (B) as JO2. All of the data is presented as a 

change in JO2 (ΔJO2) in (C). Data presented as mean + SEM, from at least n = 3 separate 

experiments. * p<0.05, using the two-tailed t-test.
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Figure 3. 
The effect of bicarbonate on respiration is cell-specific and observed across multiple 

respirometry instruments. (A) L6 myotubes were incubated with or without bicarbonate (10 

mM) and respiration was assessed using the XFp Analyzer as described in Fig. 1A. Data 

presented as mean + SEM, from n = 4 separate experiments. (B) AML12 hepatocytes were 

incubated with or without bicarbonate (10 mM) and respiration was assessed using the XF24 

Analyzer. Following basal measurements (Bas), cells were sequentially treated with insulin, 

oligomycin (Oligo), FCCP, and rotenone/antimycin A (Rot/AA). Data presented as mean + 

SEM, from n =3 separate experiments. (C) AML12 hepatocytes were incubated with or 

without bicarbonate (10 mM) and respiration was assessed using the O2K. Following basal 

measurements (Bas), cells were treated with FCCP. Data presented as mean + SEM, from n 

= 3 separate experiments. #,* p<0.05, using the one-tailed (#) or two-tailed (*) t-test.
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Figure 4. 
Bicarbonate increases State I and IV respiration in hepatocytes. (A-B) 3T3-L1 adipocytes 

(A) or AML12 hepatocytes (B) were permeabilised and assayed for respiration using the 

O2K Electrode. Following the measurement of State I respiration, permeabilised cells were 

treated sequentially with glutamate/malate (G/M), ADP, succinate (Succ), and cytochrome C 

(Cyt C). Data presented as mean + SEM, from n = 3 separate experiments. *, p<0.05, using 

the two-tailed t-test.
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