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Table 1. Summary of the ion-pair reversed-phase LC for underivatized amino acids showing elution order, chemical
formula, molecular weight, parent ion, and fragment (m/z) by electrospray ionization mass spectrometry. #1,
hydroxyproline is one of the important amino acids in collagen protein. #2, #3, Asparagine (Asn) and glutamine
(Gln) will convert to aspartic acid (Asp) and glutamic acid (Glu), respectively, after hydrolysis. #4, The
chromatographic co-elution of leucine and isoleucine may occur on this ion-pair LC separation. However, if the
eluent and gradient program was modified with same ion-pair reagent, leucine and isoleucine were separated as
shown in Takano et al. (2015) and the supplementary information. In the right-hand column, ‘P’ and ‘NP’
represent protein amino acid and non-protein amino acid, respectively.

. . Molecular Retention time Parent ions Product ions
Elution order Abbreviation Formula weight (min) M +H]+ (/=) Remarks
Glycine Gly C2HsNO2 75 18.6 76 - P
Serine Ser CsH/NOs 105 223 106 88 P
Sarcosine Sar CsH/NO2 89 23.6 90 - NP
Alanine Ala CsH/NO2 89 252 90 - P
Hydroxyproline Hyp CsHoNOs 131 26.3 132 - NP (#1)
f-Alanine p-Ala C;H/NO2 89 26.4 90 72 NP
Threonine Thr C4HoNOs 119 27.0 120 102, 74 P
Asparagine Asn C4HsN20s 132 273 133 116, 87 P (#2)
N-Ethylglycine N-Et-gly CsHsNO2 103 28.3 104 - NP
Glutamine Gln CsHioN203 146 29.3 147 130, 101 P (#3)
f-Aminoisobutyric acid [-AiBA CsHsNO2 103 29.5 104 - NP
Aspartic acid Asp CsH7/NO4 133 29.5 134 116, 88 P
a-Aminoisobutyric acid a-AiBA CsHsNO2 103 29.6 104 - NP
y-Aminobutyric acid y-ABA CsHsNO2 103 30.1 104 - NP
Proline Pro CsHoNO2 115 30.1 116 - P
a-Aminobutyric acid a-ABA CsHsNO2 103 30.4 104 - NP
Glutamic acid Glu CsHoNO4 147 31.9 148 130, 102 P
Isovaline Isoval CsHiNO2 117 344 118 72 NP
Valine Val CsHiNO2 117 34.8 118 72 P
a-Aminoadipic acid a-AAA CsHiNO4 161 354 162 144,116 NP
Norvaline Norval CsHiuNO2 117 35.7 118 72 NP
Lysine Lys CsH14N202 146 36.6 147 130 P
Leucine Leu CsHisNO2 131 38.5 132 86 P
Isoleucine Ile CsHisNO2 131 38.5 132 86 P
Methionine Met CsHiNO:S 149 39.0 150 133,104 P
Histidine His CsHoN3O2 155 40.1 156 110 P
Norleucine Norleu CsHisNO2 131 40.4 132 86 NP
Arginine Arg CsH14N4O2 174 43.1 175 - P
Phenylalanine Phe CoH1NO2 165 51.3 166 120 P
Tyrosine Tyr CoH1NO3 181 53.2 182 165, 136 P
(a) Positive ion mode (pH < 7) ESI-MS R Y 7 4 77— KT, [M+H] OH A
F ¥ (7a b A A ) A, 7R
Ry R N g N o
Rz*’:“: . HA — Rz—l:\lH* + A DB REZETAL THAZE Lf:?(ﬁ, HJE T2 m L 727
Rs Rs Uy b EIRERT S,
Base Acid Sample i@', 72 /%@77\;(’\07 k )I/C:_Ci, #1IVR
M+H]* . o . N
F V3 (-COOH) DIHMEIZ X B AR L7214~
- t= - D YN
(b) Negative ion mode (pH > 7) [M+H HCOOH] [MJ"H 46] i E. 5 ns JJ 3:‘
TA3% % (Fig.3-a)o BIZIE, N XD AANRY
o Fovix, [M+H] =118 T&H Y, [M+H-46]" |Zxf
I — < . - = ~ ~
R—C—OH + 1B R-C-0 + HB 59 % mkz T2 h %5 (Figd)e DT F7 A b
NG =, TIVERNVEERTLT I/ BRTH S
Acid Base Sample a1~ . . .. .
M-H]- /)1//\]}/, /f‘//\])/, D/f‘//, JruaA

Fig.1. The principles of acid-base theory in solution
chemistry for LC/ESI-MS optimization.
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Fig.2. (1/2)

(a) Protein AAs
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Fig. 2. Extracted ion chromatogram (EIC) of underivatized amino acids on LC/ESI-MS analysis. Abbreviations: Glycine,
Gly; Serine, Ser; Alanine, Ala; Threonine, Thr; Aspartic acid, Asp; Proline, Pro; Glutamic acid, Glu; Valine,
Val; Lysine, Lys; Leucine, Leu; Isoleucine, Ile; Methionine, Met; Histidine, His; Arginine, Arg; Phenylalanine,
Phe; Tyrosine, Tyr; Asparagine, Asn; Glutamine, Gln; Sarcosine, Sar; Hydroxyproline, Hyp; f-Alanine, f-Ala;
N-Ethylglycine, N-Et-gly; f-Aminoisobutyric acid, f-AiBA; a-Aminoisobutyric acid, a—AiBA; y-Aminobutyric
acid, -ABA; a-Aminobutyric acid, a-ABA; Isovaline, Isoval; a-Aminoadipic acid, a-AAA; Norvaline, Norval,
Norleucine, Norleu. A co-injection of threonine and phenylalanine showed the same product ion (m/z 120) at
differing retention times. For separation condition, please see Takano et al. (2015).
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Fig.2. (2/2)

(b) Non-protein AAs
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(c) Unhydrolyzed protein AAs
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(a) -COOH fragment
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Fig.3. Representative fragmentation patters for diagnosis
ion of underivatized amino acids showing, parent
ion [M+H]" with (a) -COOH fragment (-HCOOH),
(b) —-NH, fragment (-NH;), and (¢) —OH fragment
(-H,0).
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Fig.4. (a) (1/5)

(a) Protein AAs
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Fig. 4. (a) Underivatized protein amino acids and (b) non-protein amino acids for the identification. Observed
product ions and their fragmentation patterns by ESI-MS were shown. The chemical formula, exact
mass, molecular weight, and theoretical values of their corresponding masses (m/z) are also shown.
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Fig.4. (a) (3/5)
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Molecular Weight: 131.13
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Fig.4. (a) (6/5)
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Fig. 4. (a) Underivatized protein amino acids and (b) non-protein amino acids for the identification. Observed
product ions and their fragmentation patterns by ESI-MS were shown. The chemical formula, exact
mass, molecular weight, and theoretical values of their corresponding masses (m/z) are also shown.
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Fig.4. (b) (3/3)
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appendix 1. [llustration of typical electrospray ion source (ESI).
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appendix 2. Comparison of responses determined by other online detectors for corona
CAD (Thermo Fisher Scientific Inc.) and the diode array detector (DAD)
with the UV absorbance. Modified after Takano et al. (2015)
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