Supporting Text

1. Derivation of the flux ratios (V/Vrcan based on steady-state labeling from [2-
”C]acetate

The metabolism of [2-"*CJacetate is depicted in Fig. 5. [2-">C]Acetate is metabolized exclusively
in glial cells to AcCo,C2, followed by its oxidation in the glial TCA cycle leading to "*C labeling
of a-ketoglutarate. The "*C label is transferred into cytosolic glutamate-C4 after exchange with
mitochondrial a-ketoglutarate-C4 and converted to glutamine-C4 by glutamine synthetase.
Glutamine-C4 is released by astroglia and metabolized by neurons to glutamate-C4 (Fig. 54). In
GABAergic neurons, glutamate-C4 is decarboxylated to GABA-C2 (Fig. 5B). Glutamine-C2/C3
and glutamate-C2/C3 carbons are labeled during subsequent turns of the TCA cycle.

A. Derivation of VyGiwcml/Vrcaciu for glutamatergic neurons

The dynamic "°C labeling of Gln and Glu in astroglia and glutamatergic neurons can be described
by the following equations:

d[GIngius 1/dt = VeyerGinGiny Glnag — VeyeGin/Giay GINGiua (1]
d[Glugiu 1/dt = VeyeGinGiny Glngusa — (VeyeGuiny + VrcaGin) Glugiu, [2]
where Glxjs represents percent BC enrichment of glutamate or glutamine at carbon 4 in
glutamatergic neurons (Glu) or astroglia (a), and VeyeGiw/Gin) = Veye(Gin/Glu)-

At isotopic steady state, Eq. 1 becomes

VeyeGlwGiny GlNag — VeyeGin/Giey Glngiua = o

which leads to Glngus = Glnaa. [3]
Similarly, at isotopic steady state, Eq. 2 becomes

VeyeGinGiu) GIngus - (VeyeGucing + Vrea@Gi) Glugius = 0.

For VeyeGiuGiny = Veye(Gin/Giu,

it leads to

VeyeGuGiny Vreaciuy = Gluga/(Glngius — Glugius). (4]
Substituting the value of Glngjy4 from Eq. 3 gives

Veye(GlwGiny VTea@Giu) = Gluga/(Glnas — Glugius). [S]

B. Derivation of chc(GABA/Gln)/VTCA(GABA) for GABAergic neurons



The dynamic "°C labeling of GIn and Glu in GABAergic neurons can be described by the

following equations:

d[GluGabas 1/dt = Veye(GinGabay Glnag — (VicaGabaet + Van) Glugava, [6]
where Glngapas = Glnas from Eq. 3 for glutamatergic neurons.

d[GABAGapa2 1/dt = VGap Glugabas — (Veye(Gaba/Giny + Vshunt) GABAGaba, [7]
where Vrca(Gaba) = VTCAGabaNet T Vshunt [8]
and Vgap = Veye(Gaba/Gin) T Vshunts [9]

and where Glugapas and GABAgaba2 represents the percent B¢ enrichment of glutamate-C4 and
GABA-C2 in GABAergic neurons, and VyeGaba/Gin) = Veyc(Gin/Gaba)-

At isotopic steady state, Eq. 6 becomes:

Veye(Gin/Gabay GlNag — (V1ca(GabaNet T VGap) Glugabas = 0.

Therefore, Glugabas = Veye(Gin/Gabay GInaa/(Vrca(GabayNet + VGab). [10]
Similarly, at isotopic steady state, Eq. 7 becomes:

VGap Glugabas — (Veye(Gaba/Giny + Vishunt) GABAGapa2 = 0.

Substituting VyeGaba/Giny T Vshunt and Glugapas from Eqs. 8 and 9, respectively, gives:
VGap Veye(Gin/Gabay Glnad/(VrcaGabaNet T Vaap) - Voap GABAGapa2 = 0,

which is equivalent to

Veye(Gin/Gabay GlNas = (VrcaGabaNet T Voap) GABAGaba2.

Substituting VrcaGabaynet and Vgap from Eqgs. 8 and 9, respectively,

Veye(Gaba/Giny GlNag = (VrcaGaba) — Vshunt T Veye(Gaba/Giny T Vishunt) Gabagabas,

which after rearrangement gives

chc(Gaba/Gln)/V TCA(Gaba) = GabaGabaZ/ (Glna4 - GabaGabaZ)- [1 1]

2. Differential equations describing the three-compartment metabolic model (Fig. 1)

Mass balance equations

d[Glerain]/ dt= Vmaxin Glcblood/ (Kl’l’lin + Glcblood) — Vmaxout Glerain/ (Kmout + Glcbrain) — Cl\/IRglC =0
d[L]/ dt=2 CMRglc + VdilLac(inﬂux) - (VPC + VdilLac(eﬂux) + Vpdh(a) + Vpdh(Gaba) + Vpdh(Glu)) =0
d[Aspa]/dt = Vya0aa/asp) — Vxaaspioaa) = 0

d[Glu,}/dt = VeyeGiuGny T VxakaiGiuy T VeyeGava/giny — (Vain + ViaGuka)) = 0



d[KG,]/dt = Vpan@ + Vxa@Giuke) T Vi@ — (Vrca@net T VxakaiGin) + Veye(Gaba/Gin) = 0
d[OAA,])/dt = Vrca@net T Vxaaspioaa) + Vec + VeyeGava/Ging — (Vxa0aaasp) T V1ca) =0
d[GIn}/dt = Vgin + Vdiigin — (Vi) T VeyeGiweiny T VeyeGaba/Giny) = 0

d[ASpGabal/dt = VyaGaba©oaa/asp) — VxGaba(aspioas) = 0

d[GABAGapal/dt = Vgap — (Vshunt T VeyeGin/Gaba) = 0

d[Glugapal/dt = Veye(Gin/Gabay T VxGabaka/Giuy — (VGap T VGabaGiwkag)) = 0

d[KGgapa)/dt = VpdnGabay T VxGabaGlukc) T ViiGaba) — (VTcaGabaNet T VxGabakG/Giu)) = 0
d[OAAGabal/dt = Vrca@GabaNet T Vhunt T ViGabaaspioaa) — (V1ca(Gabay T VxGabaoaa/asp)) = 0
d[Aspaiu]/dt = Viguoaa/asp) — VxGluasproas) = 0

d[Glugi)/dt = VyeGucny + Vciuksciny — (VeyeGuciny + ViciuGiukay) = 0

d[KGan)/dt = ViguGka) T ViilGie + VpdnGiny — (Vxauka/cny T Vica@Giy) = 0

d[OAAG)/dt = ViGluaspoaa) T Vrcaciny — (Vxciuoaaasp) T VrcaGi) =0

Isotope balance equations

d[GlCbrain,16 /At = Vmaxiy Glopioods16/(KMin + Glesised) — VMaXou Globrain,16/(KMout + Glprain) — CMRgic
(Glcbrain,lé/ Glcbrain)

d[L;")/dt = CMR g (Glchrin16/Glebrain) + VaitLactinfiu) (0) — (Ve + VaitLac(etitux) + Vipdha) + Vpdn(Gaba)
+Vpan(ai) (Ls/L)

d[Aspa 1/dt = Vyaoaaasp) (OAAL JOAA,) — Viaaspoan) (Aspa” /Asp,)
d[Aspa; V/dt = Viaoanaspy (OAAL /OAA,) — Viaaspoan) (Aspss /Asp,)

d[Glus 1/dt = Vyaaioiy (KGas' / KGa) + Veyeucin (Glugis /Glug) + VeyeGabacing (KGas 7KGy) —
(Vain + VxaGiuka) (Glugs /Gluy)

d[Glu,y 1/dt = VeyeGiuwain (Glu Gra/Gluci) + Viaka/ciny (KGas /KGa) + VeyeGabaGiny (KG*,4/KG,) —
(Ve + ViacGiuka)) (Glu*,4/Glu,)

d[KGa3*]/ dt = VyaGuka) (Glua3* /Glua) + Vrcag) (OAAaZ* /OAA,) - (V1ca@nett Vxaka/Gy T
chc(Gaba/Gln)) (KGaS* / KGa)



d[KGa4*]/ dt= Vpdh(a) (L3* /L)+ an(Glu/KG) (Glu*a4/ Glu,) + Vdil(a) 0) - (V1c Aa)Net T an(KG /Gluy T
Veye(Gabarginy) (KG*4/KGy,)

d[OAA, 1/dt = 0.5 Vica@ne (KGas /KGy) + (KGa3” /KGy)) + Viaeaspoan) (Aspa” /Asp,) + 0.5 Ve
(Ls" /L) + Veye(Gava/Giny (GABAGabar/ GABAGaba) — (Vxa0ansasp) T Vcaw) (OAA, /OAA,)

d[OAA,; 1/dt = VeyeGabaGiny (GABAGabas /GABAGaba) + Via(aspoan) (Aspas /Asp,) + 0.5 Vpe (L3 /L) +
0.5 Vrca@ne (KGas /KG,) + (KGas /KGy)) — (Vxaoanasp T Vicaw) (OAA,;; /OAA,)

d[GlIn;")/dt = Viin (Gluas” /Glu,) + Viigin (0) — (Vi) + VeyeGu/Giny T Veye(GabaGi) (GIns /Gln)
d[GlIny )/dt = Viin (Glu"a/Glu,) + Vaigin (0) — (Vaineftiun) + Veye(GiuGin) + Veye(GabarGiny) (Glng /Gln)
d[AsPGabar 1/dt = ViGana 0an/asp) (OAAGa /OAAGaa) — VxGaba (aspoan) (ASPGabaz /ASPGaba)
d[ASPGabas /At = ViGana 0ar/asp) (OAAGabss /OAAGaba) — VxGaba(aspoas) (ASPGabas /ASPGaba)
d[GABAGaba 1/dt = Viap (Glugabas /Glugaba) — (Vshunt + Veye(Gaba/Giny) (GABAGaba2 /GABAGaba)
d[GABAGaba3 1/dt = Vaap (Glugabas /Glugaba) — (Vshunt + Veye(Gaba/Giny) (GABAGabas/ GABAGaba)

d[GluGabas 1At = Veye(GinGabay (GIn ™ /GIn) + ViGabaka/ciny (KGaabas /KGaaba) — (VGap + ViGaba(Gluka))
(Glugabas /Glugaba)

d[Glugabas J/dt = VeyeGin/Gaba (GIng /GIn) + VyGabaka/aiuy (KGaabas /KGaaba) = (Vap + VaabaGiuka)
(Glu*Gaba4/ GluGaba)

d[KGaabas V/dt = ViGavaGiuka) (Glugabas /Glugaba) + VicaGaba) (OAAGabas /OAAGaba) — (VTcaGabanet +
V GabakG/Giy) (KGaabas /KGaba)

d[KGaabas 1/dt = VpanGabay (L3 / L) + ViGabaGiuka) (Clugabas /Glugaba) + VaitGava) (0) — (VrcaGabape: +
VxGaba(KG/Glu)) (KGGaba4* / KGGaba)

d[OAAGaba 1/dt = 0.5 VicaGabaet (KGaabas /KGaaba) + (KGaabas /KGaba)) + 0.5 Vihunt
((GABAGaba2/ GABAGaba) + (GABAGabas /GABAGaba)) + ViGabacaspoan) (ASPGavaz /ASPGaba) — (V1CAGaba)
+ VxGaba (OAA/Asp)) (OAAGaba;/OAAGaba)

d[OAAGaba3*]/ dt = 05 VTCA(Gaba)Net ((I<GG:J1ba4>1k / KGGaba) + (KGGaba3*/ KGGaba)) + 05 Vshunt
((GABAGaba2/ GABAGuba) + (GABAGabas/ GABAGaba)) + ViGaba(aspoaa) (ASPGabas /ASPGaba) — (V1eA(Gaba)
+ ViGaba (0An/Asp) (OAAGabas /OAAGaba)

d[Aspei V/dt = ViGoaaas) (OAAG: /OAAGH) — ViGiuaspoaa) (ASPcia /ASPeia)



d[Aspeis V/dt = Vigoaaas) (OAAGHs /OAAGH) — Viciuaspoaa) (ASPcius /ASPGia)

d[Glugiss 1/dt = VeyeGinGin (GIns” /GIn) + ViGuka/ciy (KGais /KGaia) - (VeyeGiuGin + ViGiuGluka))
(Glugrs /Glugr)

d[Glugis V/dt = VeyeGinain (Glng /GIn) + Vigurao/any KGaia /KGaia) — (Veye(GiGin + VaGluGluka))
(Glugiu /Glugy,)

d[KGais V/dt = ViGiuGiuke) (Glugs /Glug) + Vrcaciu (OAAG:  /OAAGH) — (VxGuka/Gin) +
Vrcaei) (KGos” /KGaiu)

d[KGaiua 1/dt = ViGrucuka) (Gluge /Glug) + Vi (0) + Vpanaiwy (L /L) - (VGuka/Gio +
Vrcaciy) (KGarua /KGa)

d[OAAG: 1/dt = ViGuaspoaa) (Aspara /Aspai) + 0.5 Veaci (KGaru /KGai) + (KGais / KGa))
- (VxGlu(Asp/OAA) + VTCA(Glu)) (OIAIAGluZ>x< / OIAIAGlu)

d[OAAG3 V/dt = Viguaspoaa) (Aspas / Aspaia) + 0.5Vrea@in (KGas /KGai) + (KGarua / KGaiu))
— (Viaoaanasp) + Vrcac) (OAAGLs /OAAGH)

Values of parameters

CMRyic = (Vpdh@ + Vpdn(Giu) T VpdnGaba) T Vec)/2

Kmj, = 13.9 mM; Michaelis—Menten half-saturation constant for blood-to-brain glucose
transport (1).

Kmg, = Kmy, x V4 = 10.7 umol/g; Michaelis—Menten half-saturation constant for brain-to-blood

glucose transport

Vmax;, = 5.8 x CMRy, Michaelis-Menten maximum uptake rate for blood-to-brain glucose
transport (1).

Vmax,, = Vmax;,, Michaelis—Menten maximum uptake rate for brain-to-blood glucose transport.
V4= 0.77 ml/g; brain water space (2)

Vain = VeyeGinGlyy T VeyeGinGabay T Ve, glutamine synthesis flux.

Vpc = 0.2 x Vg, anaplerotic flux (3).



VrcaGy, flux through glutamatergic TCA cycle (iterated).

Veye(Giu/Giny = VeyeGin/Giuy = 0.45 X VrcaGiuy, glutamate/glutamine cycle flux, estimated using Eq. 5.
VrcaGabaNet, the net flux through the GABAergic TCA cycle (iterated).

Vshunt, flux through the GABA shunt (iterated).

V1caGaba) = V1ca(GabayNet T Vshunt-

Veye(Gaba/Giny = Veye(Gin/Gaba) = 0.63 X VrcaGava), GABA/glutamine cycle flux, estimated using Eq. 11.
Vi), diluting inflow of astroglial lactate from blood (iterated).

VdiiGaba), diluting inflow flux of GABA lactate from blood (iterated).

Viigm, diluting inflow flux of brain glutamine from blood glutamine (iterated).

Vi, diluting inflow flux of brain glutamate from blood lactate (iterated).

Vainetux) = Vee + Vi, glutamine efflux from brain.

VGap = Vshunt + VeyeGaba/Giny, GABA synthesis rate.

Vopan@ = 0.176 x VrcaG, astroglial pyruvate dehydrogenase flux (4)

Vrca@net = Vpdna) T Vil — Vec —Veye(Gaba/Giny, N€t flux through the astroglial TCA cycle.

V pdh(Gaba) = VTCA(Gaba) — Vdil(Gaba)y GABAergic pyruvate dehydrogenase flux.

VopanGiu) = VreaGiu — VG, glutamatergic pyruvate dehydrogenase flux.

Vica@ = Vrca@net T Vee + VeyeGavaGin, astroglial TCA cycle flux.

Via0an/asp) = VxaGlwka), mitochondrial/cytosolic OAA-to-Asp exchange rate in astroglia.
Vaaspioan) = Vxa@Giuka), cytosolic/mitochondrial Asp-to-OAA exchange rate in astroglia.
Viaka/oy = VxaGiwka) T Vee, mitochondrial/cytosolic KG-to-Glu exchange rate in astroglia.
VaGiuka), cytosolic/mitochondrial Glu-to-KG exchange rate in astroglia.

VGabakG/Glwy, mitochondrial/cytosolic KG-to-Glu exchange rate in GABAergic neurons.

VGaba(GlwkG) = VxGabaG/Glu)y T VGap — Veye(GabarGiny, mitochondrial/cytosolic Glu-to-KG exchange rate

in GABAergic neurons.



VGaba(0AA/Asp) = VxGaba(KG/Gluy, mitochondrial/cytosolic OAA-to-Asp exchange rate in GABAergic

ncurons.

VGaba(Asp/0AA) = VixGaba(OAA/Asp), CYtOsolic/mitochondrial Asp-to-OAA exchange rate in GABAergic

ncurons.

ViGluaspoas) = Vxaiuka/Guy, mitochondrial/cytosolic Asp-to-OAA exchange rate in glutamatergic

neurons.

Vicuoaanasp) = VxGuka/Gu, mitochondrial/cytosolic OAA-to-Asp exchange rate in glutamatergic

neurons.
Vauka/aGy, mitochondrial/cytosolic KG-to-Glu exchange rate in glutamatergic neurons.

Viou@Giwks) = VxGukaiGl), cytosolic/mitochondrial Glu-to-KG exchange rate in glutamatergic

neurons.
X1 = Vmaxi, x Glcpiood/(Kmi, + Glcpiood), value used to calculate the concentration of brain glucose.

X, =X — CMRy, value used to calculate the concentration of brain glucose.

Concentrations of Metabolite Pools

[Aspr] = 4.2 umol/g, concentration of brain aspartate (measured).

*[Aspa] = 0.10 x Aspr = 0.42 umol/g, concentration of astroglial aspartate.

*[Aspg] = 0.45 x Aspr = 1.92 umol/g, concentration of aspartate in glutamatergic neurons.
*[ASpGava] = 0.45 x Aspr = 1.92 umol/g, concentration of aspartate in GABAergic neurons.
[GABAGaba] = [GABAT] = 1.75 umol/g, concentration of brain GABA (measured).

[Glcprain], concentration of brain glucose (calculated based on ref. 1).

[GIn] = 6.83 umol/g, concentration of brain glutamine (measured).

[Glu,] = 0.10 x Glur = 1.44 umol/g, concentration of glutamate in astroglia, 10% of total (5).
[Glug] = 0.88 x Glur = 12.65 umol/g, concentration of glutamate in glutamatergic neurons (5).

[Glugapa] = 0.02 x Glur = 0.29 umol/g, concentration of glutamate in GABAergic neurons, 2% of total
(6,7)



fIKG,] = 0.020 umol/g, concentration of a-ketoglutarate in astroglia.

"TKGgaba] = 0.004 pmol/g, concentration of a-ketoglutarate in GABAergic neurons.
"[KGg] = 0.176 pmol/g, concentration of o-ketoglutarate in glutamatergic neurons.
[L]= 1.50 umol/g, concentration of brain lactate (measured).

TTOAA,] = 0.020 umol/g, concentration of oxaloacetate in astroglia.

"TOAAGaba] = 0.004 umol/g, concentration of oxaloacetate in GABAergic neurons.

"TOAAG] = 0.176 pmol/g, concentration of oxaloacetate in glutamatergic neurons.

*The distribution of tissue aspartate (Asp) among different cell types is unknown. In our analysis, the
concentration ratio of astroglial-to-total aspartate was assumed to be the same as for glutamate, i.e.
Aspa,is 10% of the total Asp pool. The remaining Asp (90%) was assumed to be equally distributed
between glutamatergic (45%) and GABAergic neurons (45%).

"The cellular concentration distribution of KG,:KGgapa:KGar, and OAA,:OAAGapa:OAAG Was

assumed to be the same as the cellular percentage distribution of glutamate, i.e. 10:2:88.
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