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| Core energy metabolism and signaling

« How carbohydrates and lipids are mobilized and used at the systemic
and cellular levels




Learning Objectives

Understand storage and mobilization of glucose and
fat (lipids)

Learn cellular pathways to take up and harvest
energy from these molecules

Become familiar with two key intracellular
energy sensors, mTORC1 and AMPK



Understand storage and mobilization
of glucose and fat (lipids)

Objective 1
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COMPARATIVE GUIDE: MACRONUTRIENTS
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| Glucose is the main sugar in blood

Fasting Blood Sugar Ranges (mg/dL)
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| Glucose comes from food and the liver
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I Insulin and glucagon from the pancreas regulate
glucose

Insulin
‘ - Increases tissue uptake
- Decreases liver

High glucose
N9 production

Glucagon
- Increases liver
production

Low glucose




| Insulin maintains glucose levels




| Insulin maintains glucose levels




| Main circulating lipids (fats)

FREE FATTY ACID VS TRIGLYCERIDE
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I Circulating Lipids in fasting and

feeding
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I Triglycerides are hydrolyzed for
uptake
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and harvest energy from these Objective 2

I Learn cellular pathways to take up
molecules
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| Fatty acids are trapped by CoA addition
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| Glucose has many fates
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| Metabolic pathways branch
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| Mitochondria oxidize pyruvate
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I Tricarboxylic acid cycle produces NADH/FADH,

Acetyl-CoA
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| Mitochondria import fatty acids via Cpt1

y Mitochondrial |
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Mitochondria oxidize fatty acids to Acetyl-CoA
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I Electron transport chain (ETC) generates ATP
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| Intracellular sensing of nutrients and energy

Each Acetyl-CoA: Starting from Glucose:
3NADH  ~2.5 ATP each = 7.5 ATP Glycolysis 2 ATP
2 NADH (~5 ATP)
1 FADH, ~1.5 ATP
Pyruvate 2 NADH (~5 ATP
10 ATP
2 Acetyl-CoA 20 ATP

~32 ATP/glucose




Become familiar with two key
intracellular energy sensors, Objective 3
mTORC1 and AMPK




| Intracellular sensing of nutrients and energy

Cells need to adapt to: mTORC1 is a key indicator of
« Availability of nutrients nutrient sufficiency/growth
 Energetic demands
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energetic stress
« Damage/stress




I MTORC1 senses nutrients and promotes growth
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| AMPK primarily senses energetic stress

Nucleotide-dependent regulation Nucleotide-independent regulation
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I AMPK switches from fat synthesis to oxidation
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I Can targeting mTORC1/AMPK mimic caloric
restriction?
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I MTORCI1 inhibitor rapamycin extends mouse
lifespan

Females, pooled |
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| But may act differently from CR

Journals of Gerontology: Biological Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2020, Vol. 75, No. 1, 4-13
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Special Issue: Is vicTORy in sight? New advances in mTOR, rapalogs and aging

Is Rapamycin a Dietary Restriction Mimetic?

Archana Unnikrishnan, PhD,' Kavitha Kurup, PhD," Adam B. Salmon, PhD,?® and
Arlan Richardson, PhD'4*

“...while dietary restriction and rapamycin may have similar

effects on some pathways and processes; overall, they affect
many pathways/processes quite differently.”
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Summary

Glucose and lipid metabolism

Blood glucose is dynamically maintained in a tight range as
readily available fuel

Lipids contain more energy and are essential to meet
sustained demand

Both are metabolized to fuel the TCA in mitochondria (and
glucose generates additional ATP through glycolysis)

Cellular sensors can respond to nutrient and energy
availability
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