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Energy metabolism: Burning the
food we eat into CO,

Cco,
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What do our organs/tissues eat?
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Organs/tissues are fueled by
circulating metabolites

Cco,

Serum Metabolome Statistics

Metabolite Statistics

Total Metabolites 25789

https://[serummetabolome.ca/statistics



Organs/tissues are fueled by
circulating metabolites

Cco,

What are the important circulating metabolites?
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Quantifying F ;.. by Isotopic
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An upper bound for F ;..

F ;.. < cardiac output X concentration



An upper bound for F ;..

F ;.. < cardiac output X concentration

To be able to carry 10% of glucose F,;-., a metabolite’s
blood concentration has to be greater than 30 uM.




Systematic quantification of F ;..

Lactate 374.4+112.4  Serine 19.3+4.2 Phenylalanine 5.9+0.8
Glucose 150.9+46.7 Citrate 16.2+6.6 2-Oxoglutarate 5.8+0.8
Acetate 72.7£17.5 Leucine 11.5+1.2 Histidine 5.0£0.4
Alanine 70.2+5.4 Valine 9.6+0.4 Methionine 3.9+1.6
Glycerol 53.312.1 Lysine 9.3+1.8 Succinate 3.1+1.1
Glutamine 45.6x£4.7 Arginine 9.0+2.6 Creatine 2.6+£0.5
3-Hydroxybutyrate 43.3t17.1 Tyrosine 8.0+2.2 Tryptophan 2.3+0.3
Linoleic acid 42.9+9.2 Threonine  7.6+£0.8 Malate 2.0£0.4
Oleic acid 33.915.4 Proline 7.3x2.9 Betaine 1.6£0.2
Palmitic acid 24.6+4.2 Isoleucine  6.5+0.7

Glycine 21.9+4.2 Asparagine 6.5+£0.8
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Lactate 374.4£112.4  Serine 19.3+4.2 Phenylalanine 5.9+0.8
Glucose 150.9+46.7 Citrate 16.2+6.6 2-Oxoglutarate 5.8+0.8
Acetate 72.7£17.5 Leucine 11.5+1.2 Histidine 5.0£0.4
Alanine 70.2+5.4 Valine 9.6+0.4 Methionine 3.9+1.6
Glycerol 53.3t2.1 Lysine 9.3+1.8 Succinate 3.1+1.1
Glutamine 45.6x£4.7 Arginine 9.0+2.6 Creatine 2.6+£0.5
3-Hydroxybutyrate 43.3t17.1 Tyrosine 8.0+2.2 Tryptophan 2.3+0.3
Linoleic acid 42.9+9.2 Threonine  7.6+£0.8 Malate 2.0£0.4
Oleic acid 33.915.4 Proline 7.3x2.9 Betaine 1.6£0.2
Palmitic acid 24.6+4.2 Isoleucine  6.5+0.7

Glycine 21.9+4.2 Asparagine 6.5+£0.8

Only 13 metabolites actually carry more than
10% of glucose F_;,..
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Cco,

What are the important circulating metabolites?

How do they contribute as fuels to different tissues?



Energy production pathways:
Glycolysis and TCA cycle
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Energy production pathways:
Glycolysis and TCA cycle

Glucose

Glycolysis

Pyruvate
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Acetyl-CoA € Fatty acids

‘(— Amino acids

TCA cycle is the predominant energy production pathway.
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Contribution from circulating
nutrients to tissue TCA cycle

Infuse labeled nutrient X

TCA contribution by glycerol

8-: [J Normalized labeling Ly, cer
0.2
0.1 i I
N ron _ M oo 2@ 00— 0 0 o 10 0 0 U 1 =
& O Nutrient Y &9 &) Nutent fb\(\ ?’S v ,03\' D @9\(\6 (\Q.Aé ?,S
& QRIS TN
WS
AN
(%
‘@ A specific o}Q

" 48 g ( tissue !

Normalized labeling is not direct contribution



Contribution from circulating
nutrients to tissue TCA cycle

Infuse labeled nutrient X

TCA contribution by glycerol
[] Normalized labeling L,

—glycerol

0.21]
0.14 -
g Nutrient X Nutrientzo 0.05——— 08 = L 0 00 H rl

P : |-L| |-L| 0
u OONutrientYuo . e <2 ‘(\& e & A S o .2 Q A
2 X S Y @2 e D \W
¥ P & @l AP QR
/W (%00\,25, Q @\\f SRS R (&90\&@@ VNV

A specific @Q} i S

" 8 e ( tissue !

Normalized labeling is not direct contribution



Contribution from circulating
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Contribution from circulating
nutrients to tissue TCA cycle
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TCA contribution by glucose
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Contribution from circulating
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Contribution from circulating
nutrients to tissue TCA cycle

Direct contribution to TCA
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via circulating lactate.



Direct contributions to the tissue TCA
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* Glucose feeds the TCA cycle
via circulating lactate.

Glycolysis

Pyruvate=pLactate

Pyruvate <=L actate

\ Cco, )/ Hui et al. Nature 2017




Direct contributions to the tissue TCA
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* Glucose feeds the TCA cycle
via circulating lactate.
« Glutamine is a major fuel for visceral tissues.
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Direct contributions to the tissue TCA
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* Glucose feeds the TCA cycle

via circulating lactate.
« Glutamine is a major fuel for visceral tissues.
« BCAAs are a major fuel for pancreas.
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Direct contributions to the tissue TCA

Fasted mice

Glucose feeds the TCA cycle
via circulating lactate.

Glutamine is a major fuel for visceral tissues.

BCAAs are a major fuel for pancreas.
Acetate is widely used by tissues.
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Direct contributions to the tissue TCA
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* Glucose feeds the TCA cycle
via circulating lactate.
« Glutamine is a major fuel for visceral tissues.
« BCAAs are a major fuel for pancreas.
« Acetate is widely used by tissues.
« Citrate is preferentially used by kidneys.
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* Glucose feeds the TCA cycle
via circulating lactate.
« Glutamine is a major fuel for visceral tissues.
« BCAAs are a major fuel for pancreas.
« Acetate is widely used by tissues.
« Citrate is preferentially used by kidneys.
* Glycerol is not a TCA substrate.
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Direct contributions to the tissue TCA

Fasted mice

Glucose feeds the TCA cycle
via circulating lactate.

Glutamine is a major fuel for visceral tissues.

BCAAs are a major fuel for pancreas.
Acetate is widely used by tissues.
Citrate is preferentially used by kidneys.
Glycerol is not a TCA substrate.

Heart does not burn amino acids.
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Direct contributions to the tissue TCA
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Glucose feeds the TCA cycle

via circulating lactate.

Glutamine is a major fuel for visceral tissues.

BCAAs are a major fuel for pancreas.

Acetate is widely used by tissues.

Citrate is preferentially used by kidneys.

Glycerol is not a TCA substrate.

Heart does not burn amino acids.

BAT, WAT, and liver utilize significant internal fuel storages.



Take-home messages so far

1. Glucose feeds the TCA cycle via circulating lactate.



Direct contributions to the tissue TCA
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Direct contributions to the tissue TCA

Left bar: fed; Right bar: fasted
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* Fuel preferences are mostly maintained in most tissues.
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Direct contributions to the tissue TCA

Left bar: fed; Right bar: fasted
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* Fuel preferences are mostly maintained in most tissues.

 Muscle, heart, and BAT are most responsive to the
fed/fasting cycle.
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Take-home messages so far

2. Only muscle and brown adipose tissues adjust their
fuel preferences in response to fasting/fed cycle.
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circulating metabolites
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What are the important circulating metabolites?

How do they contribute as fuels to different tissues?



Organs/tissues are fueled by
circulating metabolites

Cco,
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What are the important circulating metabolites?
How do they contribute as fuels to different tissues?

How do they inter-convert with each other?



Contribution from one circulating
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Contribution from one circulating
metabolite to another
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Contribution from one circulating
metabolite to another

Infuse labeled glycerol Sources of circulating lactate
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* No free palmitic acid is directly from de novo lipogenesis.
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Direct contribution to circulating nutrients B glycerol
[ citrate
1.0 [ acetate
Fasted mice [ 3-HB
g 0.8- Ex — [ linoleic acid
= 0.6 = [ oleic acid
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II 04 ] glygine
0 2-} - m cean
s
0oL m T _ I B BCAAS
AL LA L \ [ alanine
O%Q,\é@, Q@{\\(\e\ (5@ @0\6 (&O\é é)\é{ \*\qu’,\&\ é\e\é@ Q}O?y? ?yb B glutamine
00@9@,@\@. G G AN (;\\0@%00@ Bl lactate
Q)\ \\0\ ’b'sQQ ”\\\\Q;\\QJ\ ) (od Q)\ Q0 [ glucose
S O.\:\ A o®
'R
S
(bl

* No free palmitic acid is directly from de novo lipogenesis.
« Glycerol mostly comes from storage (adipose triglyceride)
« Fatty acids are a major source for acetate
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Inter-converting fluxes between
circulating metabolites

Ala -~ Ala Lac

fatom
16% |16% __Ycircglc 180 190
]circ,glc -
Cglc
290 0 4 1153
Glyc b, (Gle 199% I > Glyc 340, ‘gle 2222,
/ [ ]glc<—i = fglc<—i ']circ,glc / [
Direct contribution (%) Absolute fluxes

(nmol carbon/min/qg)

Hui, Cowan, et al. Cell Metabolism (2020).



A flux network of circulating
metabolites
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The major fluxes in the body
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The major fluxes in the body
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Another major cycle:
the triglyceride — fatty acid cycle
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Another major cycle:
the triglyceride — fatty acid cycle
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The major fluxes in the body are
two connected metabolic cycles
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The cycling persists In
ketogenic diet

Dietary flux
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Take-home messages so far

3. Metabolic cycling helps render internal metabolic
activity robust to food choice.




Research goal: understand the
regulation of body weight
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Does the microbiome in obesity
contribute more energy to the host?
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Does the microbiome in obesity
contribute more energy to the host?

13C-glucose injection

Area under
the curve
(AUC)

-——— Magnitude ——=

Duration
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o
-

Stable isotope gas analyzer

https://www.sablesys.com/products/promethion-line/stable-isotope-gas-analyzer/



Does the microbiome in obesity
contribute more energy to the host?
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Experiment:

Feed mice with 13C labeled inulin, and measure the fraction
of 13C labeled CO.,.
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Does the microbiome in obesity
contribute more energy to the host?

Energy contribution (%)

n-

lean obese

No, the microbiome in obesity is NOT

better at energy harvesting.
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