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Supplement 2 

 

Text S1. CSIA-AA sample preparation 

Reagents and solvents 

All reagents and solvents used were of analytical grade: hydrochloric acid (HCl), ethyl 

acetate (Fisher chemicals), acetone, triethylamine (Scharlau), acetic acid, dichloromethane, 

isopropanol and acetic anhydride (Merck Chemicals). All AAs were purchased individually 

in crystalline form from: Sigman-Aldrich (alanine (Ala), aspartic acid (Asp), Glutamic acid 

(Glu), glycine (Gly), norleucine (Nle) and phenylalanine (Phe)) or Mann Assayed chemicals 

(isoleucine (Ile), leucine (Leu), proline (Pro), serine (Ser), threonine (Thr) and valine (Val)) 

for use as a high-purity calibration standard for GC-C-IRMS.  

Amino acid extraction 

The AA extraction occurred by hydrolysing the samples. Initially, the samples (finely grinded 

fat-free fish muscle tissues) were placed in borosilicate glass kimax® culture tubes. An 

internal standard mixture (50 µl of 1 mg/ml Nle in 0.1 M HCl) was added to the sample to 

monitor any possible fractionation differences due to the derivatization. Norleucine was 

chosen as it makes an excellent an internal standard for three main reasons: (i) it is a synthetic 

AA that does not naturally occur in proteins, (ii) it is stable to acid hydrolysis and (iii) it can 

be chromatographically separated from other protein AA. The samples were then covered 

with 2 ml of 6 M HCl and heated at 110 oC for 24 hours in a N2 atmosphere. After 24 hours, 

the tubes were removed from the oven and allowed to cool down until reaching room 

temperature. They were then centrifuged (3000 rpm, 10 min) and each sample’s supernatant 

was transferred into a clean kimax® tube, preferably avoiding as much remaining tissue as 

possible. This was done a second time by adding 2 ml of 0.1 M HCl to the samples, 

centrifuging and extracting the new supernatant. Combined supernatants were dried at 60 oC 

under a stream of N2.  
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Amino acid derivatization 

Samples were all derivatised at the same time, along with four tubes containing the AAs 

standard solution. 

Esterification - The esterification of the carboxylic acid group was completed by adding 0.5 

ml of a solution of isopropanol, previously acidified with acetyl chloride (4:1, v/v), to each 

kimax® tube. It is very important to carefully seal the tubes with PTFE before proceeding, to 

ensure that no solvents will leave the tube during the reaction. These tubes were then heated 

in an oven at 100 oC for 1 hour. The esterification of the carboxylic acid was conducted under 

acidic conditions (because HCl is generated when forming isopropyl acetate from acetyl 

chloride and isopropanol), so that the OH- group could be protonated to generate water as a 

leaving group. The carboxylic acids were not dissociated and therefore they will react with 

the isopropyl acetate to form an ester (see Fig S1). After 1 hour, the reaction was stopped by 

placing the tubes in a freezer (-4 oC). After a couple of minutes, when the samples had cooled 

down to below room temperature, they were placed under a gentle stream of N2 at 40 oC to 

remove excess solvent, until dryness.  

Acetylation - Step two, the acetylation of the amine group was performed by adding 1 ml of a 

mixture of acetone:triethylamine:acetic anhydride (5:2:1, v/v/v) to each sample followed by 

heating at 60 oC for 10 min. During this time, the reaction was carried out in a basic 

environment (triethylamine), so that free amine nucleophiles were present in the reaction 

system. The nucleophiles will react with the acetic anhydride to form a secondary amide. At 

this stage, it is important to note that threonine and serine also acetylate at their OH group on 

the side chain.  
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Figure S1. NAIP ester formation. This happens in two distinct reactions: Step 1 - 

Esterification and Step 2 - Acylation. 

Once the derivatisation was completed, the reagents were evaporated at room temperature 

under a stream of N2 and then the AAs derivatives were re-dissolved in 2 ml of ethyl acetate. 

The extraction was performed by adding 1 ml of saturated NaCl in Milli-Q water (Millipore 

Corporation: (MQ), 18.2 MΩ•cm at 25 °C), vortexing, and then drawing off the organic 

phase. This was done twice to ensure quantitative extraction. The combined organic phases 

were then dried under a gentle N2 stream at room temperature. Any residual water was 

removed by adding dichloromethane (1 ml x 3) and drying it with gentle stream of N2 in an 

ice bath. It is important to have a final solution containing as few water molecules as 

possible, as they would interfere with the GC-C-IRMS analysis.  

Finally, the derivatives were re-dissolved in a minimum volume of ethyl acetate (i.e. 40 µl). 

The final solution was sufficiently concentrated to provide reasonable signal strength when 

analysed by a GC (> 100 mV).  
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Text S2. Amino acid GC-IRMS measurements 

 

δ13CAA and δ15NAA were measured by gas chromatography/combustion/isotope ratio mass 

spectrometer (GC-IRMS), using a Thermo Trace gas chromatograph, the GC combustion III 

interface, and a Deltaplus XP isotope ratio mass spectrometer (Thermo Fisher Scientific). 200 

nl aliquots of derivatised AA were injected, inlet at 270 °C in splitless mode, carried by 

helium at 1.4 ml min−1 and separated on a VF-35ms column (30 m long, 0.32 mm ID and a 

1.0 µm film thickness). The GC temperature program is summarized in Table S2 and an 

example of a chromatogram is presented in Fig S2. 

 

Table S2. GC-FID and GC-C-IRMS program, modified from Styring et al. 2012. 

 Rate (oC/min) Temp (oC) Hold time (min) 

Initial - 40 5 

Ramp 1 15 120 0 

Ramp 2 3 180 0 

Ramp 3 1.5 210 0 

Ramp 4 5 270 7 

 

For δ13CAA measurements, the oxidation reactor was set at 950 °C and the reduction reactor at 

200 oC; while for δ15NAA measurements, the oxidation rector was set at 980 °C and the 

reduction reactor at 650 °C and a liquid nitrogen cold trap employed after the reduction 

reactor. Samples were analysed in duplicates or triplicates – when needed - along with amino 

acid standards of known isotopic composition (STD; measured by EA-IRMS). Each run 

contained no more than 10 samples. 
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Figure S2. Example of a GC-IRMS chromatogram from the measurement of δ15NAA. 

Compounds names are displayed for the 15 AAs from the standard solution. Note that 

Lys and Tyr co-elute, hence why we did not use these data for this paper. 
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Text S3. Data correction 

Correction of raw δ15N data 

Correction was done by plotting the mean δ15N value of each individual amino acid standard 

measured on GC-IRMS vs. their ‘real’ value measured on EA-IRMS (Fig S3 – EA-IRMS 

measurements done as described in the manuscript). Our R2 is always > 0.99. Raw δ15N 

values for amino acids in our samples were then corrected using the fitting equation and the 

value further adjusted by adjusting to the difference in δ15NNle (internal standard) value in the 

sample and in the standards.  

 

Figure S3. Example of standard calibration for AA corrections using EA-IRMS values vs 

GC-IRMS values of the STD.  

Correction of raw δ13C data 

Similar preliminary assessment than for raw δ15N data: no drift and SD < 1‰. The raw δ13C 

data as corrected individually as follow, based following O'Brien et al. (2002): 

 

𝛿 C !"
!"#$%& =

𝛿 C 13
Sample-IRMS − 𝛿 C 13

STD-IRMS + 𝛿 C 13
STD-EA ∗ 𝜌𝑆𝑇𝐷

𝜌𝑆𝑇𝐷
 (1)  

 

y = 0.8815x - 1.801 
R² = 0.99466 

-8.0 

-6.0 

-4.0 

-2.0 

0.0 

2.0 

4.0 

6.0 

8.0 

-10.0 -5.0 0.0 5.0 10.0 15.0 

δ1
5 N

G
C

-I
R

M
S 

δ15NEA-IRMS 



Supplement to Sabadel et al. (2020) – Mar Ecol Prog Ser 647: 149–160  –  https://doi.org/10.3354/meps13414 
 

 
 

7 

Where δ13CSample-IRMS is the value of the derivatized AA in the sample measured by the GC-

IRMS; δ13CSTD-IRMS is the value of the derivatized AA in the STD measured by GC-IRMS; 

δ13CSample-EA is the value of the underivatized AA in the STD measured by EA-IRMS; and 

ρSTD is the proportion of C in the derivative from the AA. 

 

Text S4. Propagation of error during TPGlx-Phe calculations 

 

When using the equation below for TPGlx-Phe calculation: 

 

TP!"#!!"# =
(∂!"N!"# − ∂!"N!"# + β)

TEF!"#!!!!
+ 1 (2)  

 

The propagation of the error σTP can be calculated, following Dale et al. (2011), by using the 

following equation: 
 

σ!"!"#!!!!
|TP!"#!!!!|

=
σ!"#$%&'(%
numerator

!
+

σ!"#!"#!!!!
TEF!"#!!!!

!
 (3)  

 

 

In which σnumerator can be calculated as follow: 

 

σ!"#$%&'(% = σ!!"!!"#
! + σ!!"!!"#

! + σ!
!
 (4)  

 

 

With σβ equals to 0.9‰ (Chikaraishi et al. 2009) and σTEF equals to 0.6‰ for herbivorous 

fishes TPGlx-Phe calculations and 0.6‰ for omnivorous fishes TPGlx-Phe calculations 

(McMahon et al. 2015). 
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Tables S1, S3 and S4 can be found in Supplement 1 at  

http://www.int-res.com/articles/suppl/m647p149_supp1.xlsx 


