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What Was the Animal Eating? Trophic Discrimination (A)
You Are What You Eat... Sort Of

Biochemical-Physiological Processes:
Deamination: Lose '*N
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Sources of Nitrogen for Animals?

Y  Amino Acids

Peptide Bonds ®

amino group
NH,
|
H—C — COOH
| acidic
carboxyl
R group group

Amino Acid

= \
{ o



(Major) Amino Acid Metabolism

Glycine Glucose Essentigl AAs
u Leucine
l . Isoleucine
Serine < 3-P-Glycerate | Glycolysis Phenylalanine
l Threonine
Valine
. o
Alanine <—; Pyruvate Lysine
l *Tyrosine
Acetyl - CoA
Glutamine
Oxaloacetate l T
ﬂ a-Ketoglutarate <—; Glutamate
Aspartate iT
Asparagine Arginine*

Proline*

These 16 amino acids represent ~80-90% of amino acids in animal tissues



Animal Metabolism: Carbon :
Diet

13
8 C:Protein

13
0 CCarbohydrates
13
0 CLipids

Assimilation:

T'SS.Ue.'D'?t Isotopic Incorporation & Protein Routing
Discrimination
(A13C) Biosynthesis:

Protein, Lipids, Carbohydrates

Tissues (Protein)
(13C-enriched)

Excretion
(2COy)



Animal Metabolism: Nitrogen

Diet
615NProtein

Assimilation:

Tissue-Diet Isotopic Incorporation & Protein Routing
Discrimination
(A°N) Biosynthesis:

Amino Acids, Nucleic Acids

Tissues (Protein)
(T°N-enriched)

Excretion
("*NHa)



Food Animal Metabolism: Nitrogen

Amino
Acid Pool
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AN Discrimination:
Amino Acid Catabolism

Deamination (Lose "*NHs5)

TCA Cycle
TSN

Glutamine

@D It

Glutamate

ATPN: You Are What You Eat +2-5%o

Urea



Glutamine/Glutamate is Key: Transamination and Deamination

Direction influenced by [glutamate], [a-ketoglutarate], [NH;], [enzymes]

Diet
. COOr :
Protein o OO
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or NHz3* — C — H > = .
Bod | / \ | Acids
Y R R
Protein
COO COOr
I
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I I
CHZ CH2
I I
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COO Deamlnatlon COO (tissues)
COOr
DeammatN |
; NH3* — C—H
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C?O' COO Deamlnatlon C;"Z
H
NH;* — C — H —_ C_O 14 CHy
| | NH3 |
CHs CH; Urea — ('*“NH,),CO 0= C— NH;

Pyruvate Uric ACld — C5H414N4O3




(Major) Amino Acid Metabolism

Glycine Glucose Essentigl AAs
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These 16 amino acids represent ~80-90% of amino acids in animal tissues



Major Driver of Variation in A>N: Form of Nitrogen Excreted

Uric Acid
CsH4N,O;4

Simplest form to produce,

but highly toxic

Excreted by fully aquatic animals
and invertebrates

Results in relatively small AT™>N

Most complicated to synthesize,
but least toxic form

Excreted by birds, reptiles,

and some insects

Results in relatively large A>N



Major Driver of Variation in A™N: Type of Nitrogen Excreted
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Consumers have higher isotopic values than their food

Animals preferentially retain >N and excrete *N
Vanderklift and Ponsard 2003



. Animal Nutritional Status 2

Other Factors Controlling Variation in AN

a
b bc
' ‘ |
| | | | ﬁ?

Form of Excreted Nitrogen

Dietary Protein Quantity & -
<

Dietary Protein Quality

Urea

Uric acid
Ammonia
Guanine
Amino acids

Vanderklift and Ponsard 2003



AN Increases with Dietary Protein Content

Nile Tilapia
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Kelly and Martinez del Rio 2010



AN Increases with Dietary Protein Quality

Mammals
Y = 11.12 - 0.094X
=072
n=26
X
X
= Milk
+ Fish

A Other animals
¢ Ruminant diets
X Fruit
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Robbins et al. 2005



AN Increases with Negative Nitrogen Balance

Catabolic

meanmg Fast Marion Island, South Africa
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Lubcker et al. 2016, 2017, 2020



Gluconeogenesis: A Critical Pathway

Glucose

[ :

g @-enolpyruvate +

l

—— Pyruvate

l 15
LyS = Acetyl-C N o0">N

(ketogenic) /)\
— Oxalc()acetate a—Ketj)glutarate €« —
Fumarate Succinyl-CoA
: I '
i \ Ala, Ser, Gly,
1SN-AAs Glu, Pro, Asp 14N-Urea
- Phe, Tyr = -
(plasma) (glucogenic) (pee)




Take Home Message(s): Bulk Tissue 0*°N

Consumers have higher isotopic values than their food
Animals retain >N, excreting N via NH3;, urea, and uric acid.

AN varies with dietary protein content, protein quality, and catabolism:
AN increases positively with dietary protein content
AN decreases with increasing dietary protein quality

AN increases with increasing catabolism of endogenous protein (muscle).

Interpretation of isotope data relies on knowing which factors control
the assimilation, synthesis, and incorporation of isotopes into tissues.



