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Author Correction: Development
of a novel UHPLC-MS/MS-based
platform to quantify amines,
amino acids and methylarginines
for applications in human disease
phenotyping

Blerina Ahmetaj-Shala, Michael Olanipekun, Abel Tesfai, Niall MacCallum,
Nicholas S. Kirkby, Gregory J. Quinlan, Chih-Chin Shih, Ryota Kawai, Sharon Mumby,
Mark Paul-Clark, Elizabeth J. Want & Jane A. Mitchell

Correction to: Scientific Reports https://doi.org/10.1038/s41598-018-31055-8, published online 18 September 2018

This Article contains errors in the Results and Discussion section, Figures 3, 4 and 7, the legends of Figures 2
and 7, as well as the Supplementary Information.

In the Results and Discussion section, under the subheading ‘Application to human disease,

“The array detected a total of 66 amines in human plasma. Our method can quantify 42 individual amines (see
Supplementary Table 3). Of these 42, 1-methylhistidine, 3-methylhistidine and glutathione did not produce
reliable results due to variabilities in their standard curves (r2 value <0.95), which could be attributed to poor
peak shapes when processed”

should read:

“The array detected a total of 65 amines in human plasma. Our method can quantify 41 individual amines (see
Supplementary Table 3). Of these 41, 1-methylhistidine, 3-methylhistidine and glutathione did not produce
reliable results due to variabilities in their standard curves (r? value < 0.95), which could be attributed to poor
peak shapes when processed.”

“Results from the 39 quantifiable amines (Fig. 3), across all time points (Fig. 3), were processed using principal
components analysis (PCA) as an unsupervised approach to establish data clustering and outliers, based on
peak areas (Fig. 4A)”

should read:

“Results from the 38 quantifiable amines (Fig. 3), across all time points (Fig. 3), were processed using principal
components analysis (PCA) as an unsupervised approach to establish data clustering and outliers, based on
peak areas (Fig. 4A)”

“Finally, in order to extract the maximum amount of information from our data, PCA and PLS-DA were also
performed using the peak areas of all 42 amines, including 1-methylhistidine, 3-methylhistidine and glutathione

(Supplementary Fig. 1)”

should read:
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Figure 3. Heat map representation of targeted metabolic profiling of amines and methylarginines in human
plasma from patients before and after cardiopulmonary bypass surgery. Amine and methylarginine levels

were measured using UHPLC-MS/MS in the plasma of patients before (pre) and at 2-72h after surgery. Data
are+ SEM for n=17. Data are displayed as a heatmap and were analysed by repeated measures one-way ANOVA
with Dunnett’s post-hoc test and Benjamini-Hochberg test with a false discovery rate of 0.05 applied (*p <0.05).

“Finally, in order to extract the maximum amount of information from our data, PCA and PLS-DA were also
performed using the peak areas of all 41 amines, including 1-methylhistidine, 3-methylhistidine and glutathione
(Supplementary Fig. 1)”

Under the subheading ‘Supervised analysis of amino acids/methylarginines of interest and associated ratios,
“We next performed supervised analysis of the 39 analytes quantified and found that 26 were significantly altered
at one or more of the time points post-surgery (Fig. 3; Supplementary Table 3), with most of them showing a
reduction in levels (Fig. 3; Supplementary Table 3)”

should read:

“We next performed supervised analysis of the 38 analytes quantified and found that 25 were significantly altered
at one or more of the time points post-surgery (Fig. 3; Supplementary Table 3), with most of them showing a
reduction in levels (Fig. 3; Supplementary Table 3).

“Of the pathways reduced following bypass surgery all 8 (ADMA, L-NMMA, SDMA, arginine, glutamine, glu-
tamic acid, citrulline and ornithine) of the amino acids and methylarginines associated (directly or indirectly)

with the NOS pathway were included (Fig. 5)”

should read:
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Figure 4. PCA-X scores plot for all patients at every time point and PLS-DA comparing ‘pre-surgical’ and 24

h post-surgery’ metabolic profiles. (A) The PCA-X scatter plot of all amines in plasma samples from all time
points before (0) and after (2-72 h) surgery. Observations are shown as the patient identifiers at each time point
and are scattered based on the peak areas for compounds detected using UHPLC-MS/MS. Data within the
ellipse represents the tolerance of Hotelling’s T?, revealing outliers as observations present outside of this area.
(B) The PLS-DA scatter plot shows the deviation of the 24-h samples (blue) from the pre-surgical sample group
(green) via their separate clustering. (C) The contributions of each amine to the deviation is represented by the
contribution plot, describing the change in amine levels from the pre-surgical (green) to the 24-h (blue) samples.
These changes were assessed based on the weighted differences between the datasets (w*1w*2) in the PLS-DA
model. Data shown is for n=17.
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Figure 7. The concentration of L-arginine, ADMA, and SDMA and associated ratios and iNOS supporting
activity in human plasma from patients before and after surgery. (A) ADMA, (B) SDMA, (C) L-arginine, (D)
ADMA: L-arginine ratio, (E) SDMA: L-arginine ratio in plasma and (F) iNOS supporting activity of plasma
applied to LPS activated J774 macrophages. Data are mean = SEM for n=17 patients before and after surgery
and were analysed using a repeated measures one-way ANOVA followed by a Dunnett’s post-test comparing all
post-surgery time points to the pre-surgical control (*p <0.05).

“Of the pathways reduced following bypass surgery amino acids and methylarginines associated (directly or
indirectly) with the NOS pathway were included (Fig. 5)”

Under the subheading ‘Methylarginines and methylarginine: arginine ratios, the following sentence should be
deleted: “However, our analytical method shows that plasma L-NMMA concentrations are actually substantially
higher than ADMA at all assessed time points (Fig. 7).

“We found that similarly to arginine, ADMA and L-NMMA, but not SDMA, were reduced at two or more time
points after surgery. The concerted changes in arginine and methylarginine concentrations did not significantly
alter ADMA: arginine ratio but did increase L-NMMA: arginine and SDMA: arginine ratios after bypass surgery”
should read:

“We found that similarly to arginine, ADMA but not SDMA, was reduced at two or more time points after
surgery. The concerted changes in arginine and methylarginine concentrations did not significantly alter ADMA:
arginine ratio but did increase SDMA: arginine ratios after bypass surgery””

“iNOS activity was reduced at 24 and 48 h after surgery which coincides with reduced arginine and increased
L-NMMA: arginine ratio (Fig. 7).

should read:

“iNOS activity was reduced at 24 and 48 h after surgery which coincides with reduced arginine (Fig. 7)”
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Figure S1. PCA-X and PLS-DA score plots for all patients at every time point, including previously excluded
amines 1-methylhistidine, 3-methylhistidine and glutathione. (A) The PCA-X scatter plot of all amine peak
areas obtained from plasma samples collected before (0) and after (2-72 hours) surgery. Observations are shown
as the patient identifiers at each time point and are scattered based on the data for 41 compounds detected

using UHPLC-MS/MS. Data within the ellipse represents the tolerance of Hotelling’s T2, revealing outliers

as observations present outside of this area. (B) The PLS-DA scatter plot shows the deviation of the 24-hour
samples (blue) from the pre-surgical sample group (green) via their separate clustering. (C) The contributions
of each amine to the deviation is represented by the contribution plot, describing the change in amine levels
from the pre-surgical (green) to the 24-hour (blue) samples. These changes were assessed based on the weighted
differences between the datasets (w*1w*2) in the PLS-DA model. Data shown is for n = 17.
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Compound Time after CPB surgery (hours)
M Pre-surgical
(uM) 2 4 8 24 48 72
*ADMA 042003 | 0.3:0.02 0.3£0.01 03:002 | 03:002 | 0.3:0.02 | 042003
SDMA 11201 1.0£0.1 0.9£0.1 11201 14201 12201 13201
*Arginine 80.3t69 | 850458 80.0:87 | 655:70 | 558+41 | 58.3:49 | 79.1:86
“Glutamine | 920.1£70.9 | 637.3:27.6 | 677.5:40.1 | 668.7¢29.0 | 600.0£26.4 | 609.5+27.8 | 691.3:56.6
“Glutamicacid | 124.7+85 | 9812123 | 93.3:72 | 881483 | 726154 | 64.9:56 | 62662
“Citrulline 47.6+4.1 31.8£26 300822 | 275822 | 26.1#18 | 248220 | 236:2.1
*Ornithine 88.1470 | 641346 60.0:57 | 52335 | 50.0:46 | 67.0:54 | B84.4282
Alanine 36008272 | 341.7:26.1 | 36064342 | 444.3:422 | 342.1222.5 | 376.5:29.6 | 409.2437.3
*Asparagine | 52722 | 35.0£19 33.843.1 377466 | 36523 | 435:27 | 55139
“Asparticacid | 5.8£0.7 44107 40504 34103 43106 37103 5205
Cystine 602132 | 646524 66.744.1 702842 | 468:29 | 576148 | 59.5:52
Glycine 28194204 | 25606201 | 257.3216 | 286.9417.9 | 255.7¢14.7 | 232.0¢17.3 | 2253+19.9
*Histidine 725130 | 580432 61.7¢47 | 648133 | 597225 | 58.7:26 | 62143
*Isoleucine 80.3:46 | 57.9¢44 543t62 | 42148 | 526227 | 69.9:66 | 89.9:52
Leucine 133.147.9 | 1138294 | 10894104 | 888169 | 1042:48 | 1288195 | 149.7:86
“Lysine 229.8+109 | 20524103 | 197.411.8 | 183.8+10.6 | 155.2¢7.64 | 177.0£10.6 | 2132¢15.6
“Methionine | 25.3+1.1 16.741.3 157423 | 139413 | 226:10 | 27.3:1.8 | 356430
*Phenylalanine | 71.6:3.2 | 57.3:35 654164 | 675:40 | 849:31 | 958:38 | 1008456
*Proline 21274130 | 19948128 | 18324124 | 177.1410.7 | 154.4213.9 | 190.4222.9 | 209.7+19.1
*Serine 1323167 | 926447 88.8:59 | 86555 | 905:¢47 | 932466 | 108.8:9.0
“Threonine | 127.4#8.3 | 92347.3 87.7472 | 8321565 | 787148 | 87.8:7.7 | 1102194
“Tryptophan |  57.843.1 305417 341837 | 38242 | 447138 | 521138 | 61660
Tyrosine 729842 | 586434 63.45.2 606:4.1 | 652437 | 781455 | 88.2¢6.0
Valine 2081474 | 2131298 | 224.3+13.0 | 203.0£10.3 | 188.747.2 | 214.74114 | 223.9¢153
1-methylhistidine |  11.8+2.3 8.0£1.2 9.0£2.0 101428 | 11.0:22 | 114221 | 143:30
“3-methylhistidine|  13.7+2.8 9.541.7 92418 88418 5.341.1 57+1.0 41412
“4-hydroxyproline|  8.61.1 12.641.1 14.5¢1.1 182411 | 209:22 | 196824 | 202:258
Aminoadipic acid|  1.9:0.2 1.60.1 1702 1.5£0.1 1.240.1 1.8£0.2 2.610.2
Zaminon- | 96 5490 204218 211224 | 218820 | 144#14 | 206219 | 29.0:26
butyric acid
3'am'":'csi:b“ty"° 24104 1.7:0.3 1.9£0.3 1.8:0.4 1.3:0.3 14103 1.8:0.3
4'3""'";’;:“”“ 002£0.02 | 002¢001 | 002:0.02 | 0012001 | 003003 | 0.00£0.00 | 0.03:0.01
B-alanine 213416 | 226421 229124 | 243123 | 235123 | 242:24 | 230825
*Cystathionine |  0.420.1 0.4£0.1 0.4£0.1 0.4£0.1 09:0.2 1.3£0.2 24104
Ethanolamine | 11.9+1.2 9.141.0 9.9+1.1 9.740.9 7.8:0.4 91108 11541.0
Glutathione | 345:47 | 695+¢159 | 387:33 | 47.5:42 | 53.0:93 | 384255 | 411162
*Homoserine | 117.3t8.5 | 80.0£6.1 | 89.0+164 | 975:89 | 148.9+114 | 162.9+112 | 149.3:17.7
*Hydroxylysine 7.2¢0.7 6.7£0.5 7.7+0.6 8.610.8 9.4+1.3 9.3+1.0 9.7¢1.1
Homocystine | 493.0435.3 | 384.2:41.7 | 37144337 | 349.3:34.0 | 343.2¢26.9 | 392.3£30.0 | 382.8459.2
Methylamine | 200414247 | 1790.04162 | 1884.14218 | 231544159 | 1826.64139 | 1742.7+143 | 128364145
*Sarcosine 1.120.1 0.8£0.1 0.8£0.1 0.840.1 0.4£0.1 0.6£0.1 0.740.1
*Taurine 1012487 | 13744280 | 102.8+102 | 933161 | 93.0:74 | 1062136 | 92.9+105

Table S3. List of 41 amines measured in human plasma using UHPLC-MS/MS. Data are mean + SEM for

n = 17 patients who underwent CPB surgery and exhibited SIRS post-surgery. Data were analysed by repeated
measures one-way ANOVA with Dunnett’s post-hoc test (*p < 0.05 when compared to individual levels pre-
surgery). Amines significantly increased are highlighted in grey. Amines highlighted in pink were processed
without internal standards to achieve a passable standard curve, while glutathione, highlighted in blue, did not
have an acceptable standard curve (r* < 0.95).

Scientific Reports|  (2024) 14:11800 | https://doi.org/10.1038/s41598-024-59923-6 nature portfolio



www.nature.com/scientificreports/

Region A Region B Region C
4-hydroxyproline | Beta-alanine | ADMA
Cystathionine Methylamine | Arginine
SDMA Glycine Glutamine
Hydroxylysine Taurine Glutamic acid
Phenylalanine Alanine Citrulline
Homoserine Tyrosine Ornithine
Asparagine

Aspartic acid

Cystine

Histidine

Isoleucine

Leucine

Lysine

Methionine

Proline

Serine

Threonine

Tryptophan

Valine

Aminoadipic acid

2-amino-n-butyric acid

3-amino-iso-butyric acid

4-amino-n-butyric acid

Ethanolamine

Homocystine

Sarcosine

Table S4. List of 38 amines associated with regions A, B and C of ellipses, as according to PLS-DA scatter plot.
Amines clustered around region A, region B and region C (see Supplementary Figure 3) of ellipses, generated
from PLS-DA of 24-hour samples and pre-surgical sample group, are detailed in corresponding columns in
table. Data are mean + SEM for n = 17 patients who underwent CPB surgery and exhibited SIRS post-surgery.

In the legend of Figure 2, the following sentence should be added: “It is important to note that LNMMA and
homoarginine share the same molecular weight and MS parameters. Under the experimental conditions reported
in this paper, they can only be distinguished using chromatographic retention time.”

In addition, in Figures 3, 4 and 7, the analysis of LNMMA should be removed. The correct Figures and accom-
panying legends appear below.

In the Supplementary Information, the analysis of LNMMA should be removed from Supplementary Figure 1
as well as Supplementary Tables 3 and 4. The correct Supplementary Figure 1 and Supplementary Tables 3 and
4 as well as accompanying legends appear below.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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