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Organs/tissues are fueled by 
circulating metabolites

What are the important circulating metabolites?
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To be able to carry 10% of glucose 𝑭𝒄𝒊𝒓𝒄, a metabolite’s 

blood concentration has to be greater than 30 µM.
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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 53.3±2.1 Lysine 9.3±1.8 Succinate 3.1±1.1

Glutamine 45.6±4.7 Arginine 9.0±2.6 Creatine 2.6±0.5

3-Hydroxybutyrate 43.3±17.1 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 33.9±5.4 Proline 7.3±2.9 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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• Glucose feeds the TCA cycle 

via circulating lactate.
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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.
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• Fuel preferences are mostly maintained in most tissues.
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• Fuel preferences are mostly maintained in most tissues.

• Muscle, heart, and BAT are most responsive to the 

fed/fasting cycle.



Take-home messages so far

1. Glucose feeds the TCA cycle via circulating lactate.

2. Only muscle and brown adipose tissues adjust their 

fuel preferences in response to fasting/fed cycle.
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A flux network of circulating 
metabolites

Fasted mice
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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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The major fluxes in the body are 
two connected metabolic cycles
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The cycling persists in 
ketogenic diet
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1. Glucose feeds the TCA cycle via circulating lactate.

2. Only muscle and brown adipose tissues adjust their 

fuel preferences in response to fasting/fed cycle.

3. Metabolic cycling helps render internal metabolic 

activity robust to food choice.

Take-home messages so far



Research goal: understand the 
regulation of body weight

Normal 

body 

weight

Obesity
Cachexia

(wasting)
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Does the microbiome in obesity 
contribute more energy to the host?

Stable isotope gas analyzer

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

13C-glucose injection



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?

No, the microbiome in obesity is NOT 

better at energy harvesting. 

lean obese

Turnbaugh et al. 2006
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