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Metabolic flux and protein metabolism

• The limits of snapshots when trying to understand a moving picture.



Learning Objectives

• To understand the concept of metabolic flux.

• To understand the limitations of snapshots compared to 

moving pictures. 

• Describe one approach for measuring flux.

• To understand important factors in the flux (turnover) of 

protein.

• Understand how to target protein turnover to slow aging.



To understand the 
concept of metabolic 
flux

Objective 1



Flux - Continuous change, passage, or 
movement



Metabolic flux- The rate of turnover of molecules 
through a metabolic pathway.



To understand the 

limitations of snapshots 

compared to moving 

pictures. 

Objective 2
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Describe one approach 

for measuring metabolic 

flux.

Objective 3



How do we measure metabolic flux?

Protons: 6
Neutrons: 6

Atomic mass: 12

Protons: 6
Neutrons: 7

Atomic mass: 13

Molecules with stable isotopes are 
indistinguishable in physiological processes. 



Tracer-measured metabolic flux 

Blood glucose

Liver

Metabolically active tissues

Glycogen

Oxidized



Example: Substrate use for energy metabolism











What was learned by measuring flux

• Contrary to what was assumed in the literature, Iditarod sled dogs are 

reliant on glucose during exercise. 

• However, the glucose is made possible by a high rate of 

gluconeogenesis from the glycerol that comes from adipose tissue. 



To understand 
important factors in the 
flux (turnover) of 
protein

Objective 3



Turnover (a form of metabolic flux)

SYNTHESIS

BREAKDOWN



Initial paradigm of protein turnover with aging



Impact of gerotherapeutics on protein turnover

Aging slows protein turnover resulting 
in the accumulation of damaged 
proteins.

Treatments that slow aging (like 
rapamycin and CR) slow protein 
synthesis.

Treatments that slow aging increase 
protein breakdown (e.g. autophagy). 



“Protein synthesis” is not a thing

Muscle Protein Synthesis (FSR) = 2.8%/hr



Protein turnover is heterogenous



Protein turnover is heterogenous

Skeletal muscle protein

0.0

0.2

0.4

0.6

0.8

F
ra

c
ti

o
n

 n
e
w

 

CON Rapa

Myofibrillar Mitochondrial

*
0 10 20 30 40 50 60 70

0

10

20

30

40

50

60

70

CON

R
a
p

a

Mitochondrial proteins

Con versus Rapa

Decreased with Rapa

Increased with Rapa

0 10 20 30 40 50 60 70

0

10

20

30

40

50

60

70

CON

R
a
p

a

All proteins

Con versus Rapa

Decreased with Rapa

Increased with Rapa

0

20

40

60

H
a
lf

 L
if

e
 (

D
a
y
s
)

Mitochondrial compartment

CON

Rapa

Matrix Outer

Membrane

Inner

Membrane

0

20

40

60

80

H
a
lf

 L
if

e
 (

D
a
y
s
)

Individual proteins of mitochondrial 

complexes
CON

Rapa

I II III IV

Complex

V



Not all proteins fully renew



Not all proteins fully renew



To say that ”protein turnover” 
increases or decreases with age or 

gerotherpeutic interventions is overly 
simplistic. 



Understand how to 
target protein turnover 
to slow aging.

Objective 4



Turnover and proteostasis



Learning Objectives (revisted)

• To understand the concept of metabolic flux.

• To understand the limitations of snapshots compared to moving 

pictures. 

• Describe one approach for measuring flux.

• To understand important factors in the flux (turnover) of protein.

• Understand how to target protein turnover to slow aging.
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