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Learn how to design and execute stable isotope tracing experiments that reveal pathway usage and
metabolic rewiring. This module covers tracer selection (13C, 15N and mixed labels), labeling
schemes, sampling strategies, data structures and label pattern interpretation so that you can
connect metabolomics measurements to metabolic flux and mechanism level insights.
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Tracer Concepts & Experimental Design

Foundations of stable isotope tracing in metabolism

1 3 C  a n d  1 5 N  t r a c e r s  p o s i t i o n a l  v s  u n i f o r m  l a b e l i n g

t r a c i n g  v s  s t e a d y  s t a t e  m e t a b o l o m i c s

Designing tracer experiments for key pathways

g l y c o l y s i s  a n d  T C A  c y c l e  t r a c e r s  a n a p l e r o s i s  a n d

g l u t a m i n e  u s a g e  b i o s y n t h e t i c  a n d  n u t r i e n t  r o u t i n g
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q u e s t i o n s

Pools, enrichment and labeling strategies

p u l s e ,  p u l s e  c h a s e  a n d  c o n t i n u o u s  l a b e l i n g  i s o t o p i c

e n r i c h m e n t  f r a c t i o n  c h o o s i n g  d o s e  a n d  d u r a t i o n
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Labeling Protocols, Sampling & Data Structures

Practical aspects of tracer delivery and culture

c e l l s ,  o r g a n o i d s  a n d  i n  v i v o  m o d e l s  m e d i a

f o r m u l a t i o n  a n d  t r a c e r  r e p l a c e m e n t  c o n t r o l

c o n d i t i o n s  a n d  n a t u r a l  a b u n d a n c e

Sampling, quenching and extraction for tracers

t i m e  c o u r s e  d e s i g n s  a n d  e n d  p o i n t s  r a p i d  q u e n c h i n g

a n d  m e t a b o l i s m  a r r e s t  p a r a l l e l  u n l a b e l e d  a n d  l a b e l e d

s a m p l e s

Data structures for isotopologue analysis

M + 0  t o  M + n  i s o t o p o l o g u e  i n t e n s i t i e s  c o r r e c t i o n  f o r

n a t u r a l  a b u n d a n c e  t i d y  t a b l e s  f o r  d o w n s t r e a m

m o d e l i n g
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Label Pattern Analysis & Biological Readouts

From raw signals to corrected labeling patterns

p e a k  i n t e g r a t i o n  f o r  i s o t o p o l o g u e s  i s o t o p o l o g u e

f r a c t i o n  a n d  e n r i c h m e n t  n a t u r a l  a b u n d a n c e

c o r r e c t i o n  c o n c e p t s

Interpreting labeling in central carbon metabolism
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r e a d i n g  l a b e l i n g  o f  l a c t a t e  a n d  T C A  i n t e r m e d i a t e s

a n a p l e r o t i c  v s  o x i d a t i v e  f l u x  s i g n a t u r e s  c r o s s

c h e c k i n g  w i t h  p a t h w a y  m a p s

Summarizing tracer data for flux modeling tools

m e a n  e n r i c h m e n t  a n d  t i m e  c o u r s e s  c o n s t r a i n t s  a n d

m e a s u r e d  f l u x  s u r r o g a t e s  e x p o r t i n g  f o r m a t s  f o r  E M U

o r  C O B R A  w o r k f l o w s
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Mini Capstone: Tracer Study Plan & Reporting Template

Designing a tracer experiment for a real use case

c a n c e r ,  i m m u n i t y ,  m i c r o b i o m e  o r  b i o e n g i n e e r i n g

c o n t e x t

Planning sampling, controls and analysis pipeline

t i m e  p o i n t  s e l e c t i o n  a n d  r e p l i c a t e s  i n s t r u m e n t  a n d

m e t h o d  s u m m a r y  a n a l y s i s  a n d  q u a l i t y  c o n t r o l  s t e p s

Deliverables: tracer study design sheet & methods text

s t u d y  o v e r v i e w  a n d  t r a c e r  s c h e m e  d i a g r a m  t a b l e  f o r

p l a n n e d  m e a s u r e m e n t s  r e a d y  t o  e d i t  m e t h o d s  a n d

r e p o r t i n g  t e m p l a t e
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