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The most widely used tandem mass spectrometry-based method for 
detecting inborn errors of metabolism relies on the butylation 
(derivatization) of amino acids, acylcarnitines and free carnitine. This 
assay is typically referred to as the derivatized assay. The method 
allows for the measurement of 30-40 markers that are used for the 
screening of more than 30 genetic metabolic disorders 
simultaneously. As impressive as the current method is, questions 
still remain: Can the assay be simplified? Can it accept new analytes?

Here we report our study in simplifying the assay and expanding it by 
including new analytes. This poster shares our findings regarding the 
challenges and caveats when attempting to expand the analyte menu 
including potential interferences and biases and how they can be
avoided or minimized.  

Potential Interferences: Ornithine and Proline
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Formiminoglutamic acid (FIGLU)

Leucine and Isoleucine

• Based on these studies, we have shown that it is possible to measure 
succinylacetone (the primary marker for the detection of Tyrosinemia Type I) 
and that it is possible to do it simultaneously with amino acids and 
acylcarnitines using a non-derivatized assay procedure.

• Both the derivatized and non-derivatized methods are quite capable assays. 
However, it must be recognized that these assays are complex and are 
associated with a number of potential processes that can interfere or bias the 
results.   

• One of the most significant findings of this study is the fact that the 
esterification step in the derivatized assay discriminates against Ile and Allo-Ile. 
The clinical significance of this process is under investigation in our 
laboratories. 
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Two new target analytes have been successfully incorporated into the non-
derivatized method.

1. Proline is a marker for Hyperprolinemia Type I and II.  Quantitative analysis of 
proline in newborn DBS can be achieved by extracting as any other analyte and 
using 13C5-proline as internal standard.  

2.Succinylacetone (SA) is a marker for Tyrosinemia Type I. Extraction of SA is 
simultaneous with the extraction of amino acids and acylcarnitines by reacting SA 
with hydrazine
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An additional point of consideration when utilizing the non-derivatized method is the elimination of the possible interference 
of FIGLU with the C4-acylcarnitine analyte.  However, non-derivatized FIGLU is isobaric with  Arginine.  Nevertheless,  such 
overlap may not be significant because Arginine concentrations are substantial in newborn blood and the contribution of 
FIGLU to this transition would be minimal due to the much higher proton affinity of Arginine. One drawback is that 
measuring FIGLU is much more difficult with the non-derivatized assay.

The failure of folate to break down histidine results in accumulation of an intermediary metabolite, formiminoglutamic acid 
(FIGLU). The M+1 peak of butylated FIGLU produces a fragment at m/z 85 and thus it shows in the acylcarnitine spectra 
overlapping with C4-acylcarnitine. The accumulation of  butylated FIGLU thus has the potential to interfere with the 
measurement of C4-acylcarnitine.
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Having determined that butylation does not occur at the same rate for all Leu isomers, we evaluated the clinical impact 
of this differentiation by measuring newborn dried blood spots with the derivatized assay. For these experiments, 3 
identical sets of 288 samples each were processed as follows:

The Box plots presented in Figure 7 show that 
there is a significant difference between the 
derivatized and non-derivatized assay. The 
derivatized results are 84% of the non-derivatized 
values. Based on the butylation efficiencies 
determined here, the difference is accounted for 
by the non-reacted Ile/Allo-Ile during the 
butylation step of the derivatized assay.

Overall, these results indicate that when using 
the derivatized assay, there is a high potential for 
discriminating against Ile and Allo-Ile. The 
clinical significance of this trend continues to be 
evaluated in our laboratories.

Note: We acknowledge that although not taken into 
account in this analysis, hydroxyproline needs to 
also be taken in to consideration as it is isobaric with 
the Leu isomers.

Set 1: Derivatized assay. Butylated Leu/Ile/Allo-Ile were quantified.
Set 2: Derivatized assay. However, internal standards added during the reconstitution step. Non-reacted Leu/Ile/ Allo-Ile quantified.
Set 3: Non-derivatized method. Non-derivatized Leu/Ile/ Allo-Ile quantified.
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Figure 7: Differential Butylation in Dried Blood Spots
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Table 1: Linearity analysis of amino acids and SA 

Table 2: Linearity analysis of acylcarnitines 

Each analyte exhibits a linear response over 
a wide range of concentrations.  

*The blood spots used for this study were prepared using whole blood 
obtained from a commercial source. The blood was processed by 
adjusting the hemoglobin concentration to 17 mg/dL and spiking the 
blood with several amino acids, carnitine, acylcarnitines and 
succinylacetone at known concentrations that cover the clinically 
significant levels. The processed blood was dispensed on to filter 
paper cards to form blood spots on the filter paper matrix. The blood 
spots were allowed to dry overnight and then processed according to 
the non-derivatized protocol outlined in panel 2. 

Figure 1: : Representative Linearity Plots

ALA ARG CIT GLY LEU MET

R2 0.995 0.996 0.995 0.995 0.996 0.996
Slope 0.857 0.763 0.859 0.841 0.751 0.765

MPP ORN PHE PRO TYR VAL

R2 0.995 0.996 0.996 0.994 0.996 0.995
Slope 0.725 0.960 1.045 0.993 0.966 0.890

C0 C2 C3 C4 C5 C5DC C6

R2 0.996 0.995 0.994 0.995 0.996 0.996 0.996
Slope 0.968 0.785 0.767 0.713 0.780 0.999 0.825

C8 C10 C12 C14 C16 C18
R2 0.995 0.996 0.995 0.996 0.996 0.993

Slope 0.754 0.838 0.800 0.877 0.861 0.859
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In order to elucidate whether or not there is differential esterification of Leu isomers, individual solutions of 
Leu, Ile, and allo-Ile were each prepared at 5uM concentrations. These solutions were dried down and 
derivatized with n-butanol.  Excess reagents were evaporated and the samples were reconstituted with a 
solution that contained 2H3-Leu. The samples were injected into a tandem mass spectrometer and analyzed by 
a neutral loss scan of 46.  These experiments quantitate the amount of non-reacted Leu isomers after 
esterification. The independent quantification of non-reacted Leu, Ile and allo-Ile is used to determine  the 
degree of butylation on each species. The lower the concentration of non-reacted (non-derivatized) amino 
acid the higher the butylation efficiency. 

From Table 6 it can clearly be seen that there is a high degree of differential butylation among the Leu 
isomers with Leu being the most prone to butylation and Ile the most resistant to esterification. These results 
are quite striking and reveal a trend not reported before.

These results suggest that when measuring dried blood spots for Leu/Ile/Allo-Ile, the main element being 
analyzed is Leu and not the sum of all isomers as originally thought.  

Table 6: Butylation efficiencies for Leu vs. Ile vs. Allo-Ile

Isomer Non-reacted (μM) Esterified (μM) Butylation efficiency
Leu 0.7 4.3 87%
Ile 4.4 0.6 12%

Allo-Ile 3.3 1.7 34%

A very intriguing observation during the development of the non-derivatized assay was a significant bias between the 
derivatized and the non-derivatized assays for the measurement of Leucine and Isoleucine.

This bias was noticed when measuring the concentration of amino acid reference standards from NIST. These 
standards contain certified concentrations of several amino acids including Leucine and Isoleucine. 

Leucine and Isoleucine are Isomers and both are detected by tandem mass spectrometry at m/z 188 when they are 
butylated (NL 102 scan) or m/z 132 as the protonated free acids (NL 46 scan).  Therefore, when a mixture of Leucine 
and Isoleucine is measured, the peak at m/z 188 (derivatized) or 132 (non-derivatized), is expected to represent the 
sum of the signals generated by these two amino acids. However, when measuring this standard mixture with the 
derivatized and non-derivatized assays we observed that this expectation may not always be true.

Solutions made from the NIST standards contained Leucine and Isoleucine at 2.31 +/- 0.09 and 2.24 +/- 0.07 μM
concentrations, respectively. Therefore, the expected result when measuring these solutions was the sum, i.e. 4.55 +/-
0.16 μM. However, the results from these experiments indicate other wise for the derivatized assay. Based on the 
results shown in Table 5 , the non-derivatized assay fulfills the expectation with 90% accuracy for the sum of 
concentrations. However, the derivatized assay only achieves 62% accuracy.

Evidently, there is a clear bias between the two assays. The fact that it is  
the derivatized assay that shows the lower recoveries suggests that there is 
some discrimination against one of the two amino acids during butylation.

Table 5: Leu/Ile quantitation-Derivatized vs. Non-Derivatized

NIST Non-Derivatized Derivatized
Leu + Ile 

μM 4.55 4.1 2.8

Accuracy 90% 62%

Table 3: Percent recoveries at different  blood enrichment (spike) levels

*The same blood spots used in the Linearity study were processed according to the non-derivatized method in panel 2 and used 
to determine Recoveries and Total imprecision.  

Table 4: Total imprecision in the non-derivatized method

Total %CV includes: within run, between run-within day, and between day imprecision

(measured concentration) – (endogenous level concentration)
% Recovery = X  100%

Spiked concentration

ALA ARG CIT GLY LEU MET SA ORN PHE PRO TYR VAL C0 C2 C3 C4 C5 C5DC C6 C8 C10 C12 C14 C16 C18
Spike (μM) 81 79 31 83 45 21 4 68 42 63 54 41 45 14 1.7 1.3 1.2 0.5 1.2 0.8 0.5 0.9 0.8 1.5 0.5
Recovery 67 70 90 83 68 74 72 100 101 96 94 78 101 79 72 71 80 102 83 80 85 82 87 84 90
Spike (μM) 644 635 251 665 357 171 29 544 337 507 431 324 362 110 14 10 10 4 10 7 4 7 6 12 4
Recovery 77 71 86 79 70 73 69 94 99 94 93 83 94 77 73 68 76 97 80 76 80 78 84 82 79
Spike (μM) 1450 1429 564 1495 803 385 65 1223 759 1141 969 730 814 248 31 24 21 9 21 15 9 15 14 28 10
Recovery 78 71 83 78 70 72 66 92 99 92 91 83 92 75 71 66 74 95 77 73 78 75 83 81 80
Spike (μM) 3261 3216 1270 3364 1807 866 147 2752 1708 2567 2181 1642 1831 557 70 53 48 21 48 33 20 35 31 62 22
Recovery 90 80 92 88 79 81 76 101 109 104 102 93 102 83 81 75 82 104 87 80 88 85 92 90 88

ALA ARG CIT GLY LEU MET SA ORN PHE PRO TYR VAL C0 C2 C3 C4 C5 C5DC C6 C8 C10 C12 C14 C16 C18
Measured μM 567.1 30.0 29.1 327.7 185.6 27.2 0.8 127.2 84.7 275.5 83.8 206.2 51.0 36.4 3.3 0.3 0.3 0.2 0.1 0.1 0.1 0.1 0.2 2.2 2.1

%CV 8 7 11 10 7 7 25 7 7 9 8 8 7 7 9 11 11 13 12 13 12 10 10 8 7
Measured μM 604.1 51.1 39.7 359.0 201.2 33.5 1.7 152.5 102.2 304.4 104.1 222.9 67.9 42.0 4.0 0.7 0.6 0.4 0.5 0.4 0.3 0.4 0.4 2.7 2.3

%CV 9 7 10 9 7 8 21 7 8 9 7 8 7 8 11 10 10 12 10 9 10 8 8 7 6
Measured μM 709.9 135.6 81.6 463.1 251.8 57.0 5.4 254.6 166.3 398.9 182.0 278.6 134.9 60.8 6.3 2.2 2.0 1.2 2.0 1.3 0.9 1.5 1.4 4.6 2.9

%CV 8 6 8 8 6 7 12 6 7 6 7 7 8 7 8 8 7 10 8 8 9 7 7 6 6
Measured μM 1104.2 476.8 243.9 867.0 447.1 152.3 20.5 637.2 419.5 763.4 482.8 489.2 390.0 134.6 15.3 8.3 7.4 4.2 7.7 5.0 3.3 6.0 5.3 12.2 5.5

%CV 7 7 9 9 6 7 10 7 8 9 7 8 6 7 9 10 7 8 8 7 7 7 7 8 10

The increased specificity of succinylacetone as a 
marker, is demonstrated when an affected patient 
sample is compared to known normal samples for the 
corresponding tyrosine and succinylacetone (SA) 
concentrations.  The samples were processed 
according to the non-derivatized method described 
here. Figures 3 and 4 show that there is a striking 
difference between the tyrosine and SA levels in this 
patient. While the affected patient displays normal 
tyrosine levels at 25 hrs of age, SA concentration is 
significantly elevated. It is not until the patient is 14 
days old that the tyrosine levels are elevated.  

Tyrosine catabolism is depicted in the figure 2. This 
metabolic pathway clearly indicates that there may 
not be a direct relationship between tyrosine levels 
and the presence of Tyrosinemia Type I in a patient 
and that succinylacetone is a more appropriate 
marker for the detection of this disorder. 
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Figure 2: Tyrosine Catabolism

Figure 3b : SA  Spectra
SA

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

True negative mean
(TN) concentration

Sample 1.1 -25hrs Sample 2 - 14 days

Sam ple Type

μ M

Tyr

0
50

100
150
200
250

True negative mean
(TN) concentration

Sample 1.1 -25hrs Sample 2 - 14 days

Sam ple Type

μ M

Figure 4b : SA Concentrations

Figure 4a : Tyrosine Concentrations
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Figure 3a : Tyrosine Spectra
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The ESI-MS/MS measurement of Proline and Ornithine from the same mixture presents an interesting challenge. If one is 
not careful with the ESI settings, Ornithine ions can dissociate in the source to produce a fragment ion that is isobaric with 
the Proline protonated molecular ion. Further, the source-produced Ornithine daughter ion fragments in the collision cell in 
the same way as Proline.  Therefore, if Ornithine is present in a mixture, this process can interfere with the measurement of 
Proline. Figure5a shows the  fragmentation of Proline in the collision cell.  Figure 5b depicts the decomposition of Ornithine 
in the source to generate a fragment that may interfere with the measurement of Proline.  

Figure 6 shows that this potential interference can be 
controlled by carefully selecting the ESI settings for the 
measurement of Ornithine. In this experiment, dried blood 
spots with increasing Ornithine concentration and constant 
Proline concentration were used to monitor the Proline 
concentration as a function of Ornithine spike. From the 
results it is obvious that carefully optimized  settings will 
minimize the potential interference.

Note: This process is observed in both the derivatized and 
non-derivatized methods 

Figure 5b: Ornithine In-source decompositionFigure 5a: Pro fragmentation.

Experimental proof of the potential interference:

y = 0.0015x + 132.97
R2 = 0.0694
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Figure 6: Effect of source settings on Ornithine interference 
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