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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 Objective 1
flux




I Flux - Continuous change, passage, or
movement
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Metabolic flux- The rate of turnover of molecules
through a metabolic pathway.

Succinyl CoA

AAAAAA



To understand the

I limitations of snapshots
compared to moving
pictures.

Objective 2




| Adaptation is dynamic
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Describe one approach
| for measuring metabolic  EBEIEE
flux.




| How do we measure metabolic flux?

Protons: 6 Protons: 6
Neutrons: 6 Neutrons: 7
(@) Atomic mass: 12 Atomic mass: 13 |
?‘\ OH Molecules with stable isotopes are
indistinguishable in physiological processes.




| Tracer-measured metabolic flux
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I Example: Substrate use for energy metabolism

Relative Energy Expenditure during
Strenuous Exercise

6000 -
% 4500
=2
b
< 3000 -
=)}
o
= 1500 4
S
0 [ |
Tour de Mountain US Marines Racing Sled
France Climbers Dogs
Cyclists

Education & Training
Network

X




J Appl Physiol 118: 1502-1509, 2015.
First published August 22, 2014: doi: 10.1152japplphysiol.00588.2014.

Participation in a 1,000-mile race increases the oxidation of carbohydrate in
Alaskan sled dogs

Benjamin F. Miller,'# Joshua C. Drake,! Frederick F. Peelor I11,! Laurie M. Biela,! Raymond Geor,2
Kenneth Hincheliff,* Michael Davis,** and Karyn L. Hamilton'*

Table 2. Isotope infusion rates

Isotope Infusion Rate Dates of Testing
[1,1._,2,3.,3—2H]g]}f+::ﬂm] January 2013 and March 2013
Prime, mg 72
Resting, mg/min 0.4
Exercise, mg/min 1.6
[3-'*C]lactate January 2013 and March 2013
Prime, mg 57.5
Resting, mg/min 2.5
Exercise, mg/min 10
[6,6—2Hg]glumsa March 2013 and January 2014
Prime, mg 200
Resting, mg/min 2.0
Exercise, mg/min 3.0
H'*CO; (prime only), mg 100 All dates
H'*CO; (primed continuous) March 2013 and January 2014
Prime, mg 100
Resting, mg/min 1.7
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| 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

I important factors in the
flux (turnover) of
protein

Objective 3




I Turnover (a form of metabolic flux)

SYNTHESIS

BREAKDOWN




I Initial paradigm of protein turnover with aging

A Cellular proteins are exposed to stresses

C Rapid replacement with Slow replacement results in
new proteins prevents accumulation of damage
accumulation of damage

Fast protein turnover — Slow protein turnover —
Proteostatic maintenance Impaired proteostasis
J Pyl 000,00 (2017 pp 17 The ]oumal Of

SYMPOSIUM REVIEW Physiology
Mitochondrial proteostasis as a shared characteristic

of slowed aging: the importance of considering

cell proliferation
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I Impact of gerotherapeutics on protein turnover

. . . Mitochondrial proteins (n = 108)
Aging slows protein turnover resulting

in the accumulation of damaged
proteins.

YCL +
YCR =

OCL +
Treatments that slow aging (like )R -
rapamycin and CR) slow protein
synthesis.

4 % © ® 9 a4 »
Protein half life (days)

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




| “Protein synthesis” is not a thing

Cluster analysis of differentially expressed genes
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| Protein turnover is heterogenous

Hard to conclude that protein synthesis is up or down with aging.

a.
Skeletal Muscle Cell Types Components Individual Proteins
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| Protein turnover is heterogenous
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| Not all proteins fully renew
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| Not all proteins fully renew




To say that “protein turnover”
iInCreases or decreases with age or
gerotherpeutic interventions is overly
simplistic.




Understand how to
I target protein turnover — EBEITE
to slow aging.




| Turnover and proteostasis
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| 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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