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Abstract
We report an analytical procedure of gas chromatography/mass spectrometry (GC/MS) focusing on chromato-

graphic enantiomer separations and the corresponding mass spectra. We used N-pivaloyl isobutyl esters of amino

acids to show the summary of retention time and those of mass fragmentation patters. To avoid matrix effect from

biogeochemical samples, we optimized the entire experimental flow showing an optional wet chemical treatment

for the purification of amino acids. We separated both of protein and non-protein type amino acids derived from the

samples, including prokaryotic soft-tissues, freshwater/marine biological hard-tissues, and a deep-sea serpentine

sample. Present derivatization procedures of amino acids as pivaloyl/isobutyl esters can be switchable on the diaste-

reomers with the use of S-(+)-2-butyl esters or R-(-)-2-butyl esters. The present method will be applied into a further

description of enantiomer-specific isotopic composition of individual amino acid.
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GC/MS 12X %7 X/ BROSHTFNEE, (1) 38
DRI, (2) AFH & GFE4AL, (3) GC/MS T
DWE, LV IEAER TH L, 73/ BRICHSE
MaFE72E 572012, WL ODOFER LT
bNTwb, {ENLRGHEFLEELT, MY 7N
*a 7o,/ A4 7a )L A5 VAL (TFA/Pr :
% 2 1Z, GilAv etal., 1966; Stolting and Konig, 1976)
IILD, M)V FTaT IS A TFIVTA
7 Wt (TFA/iBu: %l 2. |X, Kvenvolden et al., 1970)
I MNFTHNVRZ)V, TFIVIT AT )VL (EtOC/Et:
%1 21X, Montigon et al., 2001), tert-7F I3 X F
V1) AL (+-BDMS : #1 21X, MacKenzie et al.,
1987), Ry 70vFrar7y )V, 4V 7oL
A7 WAL (PFA/iPr : $l 21, Pelzetal, 1998), ¥
NSV, A 7T AT VAL (Pv/iPr: 6l 2
¥, Metgesetal, 1996), ¥oxua A )L,/ <)
O YL A 7 WAL (Pv/n-Pr: il 21X, Metges etal.,
1996), %= EVEITLN5,

—77, REWRBTER, 274 TOE
18 %97 (Electron Impact, EI) |2 X 5% 1+ {LEb&
i (MEBREE) 205 72 2 BEairiks sz
BNb. mIIOTAL M BAEKL, BFE L
WL AN F =12 ) 3 PRI L 727 7 7
AVTF—=varypRIy), 777X M F TP
LD, FAF B EDORERESNLD DT,
XREBR DS THEEIZL o TRLRD, T2, HE
WEEERDLE, BT A4 @R T T T A
T—TavIilEs E (B LES, 1965) A
50T, BRI A AW uv NS T 74 —T
DIRFFREH OMEED EEN 2 %o

AETIX, ¥NaA VAV TFIVI ATV
ERAL (Pv/i-Bu) & GC/MSEIZ L BT AARY b
NVERBNT D, TI/BOENNTA N/ AV TF
VI AT IVEFEE LI, GC/MS DFEE~Y AANRY
FVFA751)— (BlZIF, NIST Ax2 b L7 —
%~ — Z : http://www.nist.gov/) |27 — % N— 21L
ENTHHRWV, 4V TF NI AT IVHEIL, S-(+)-2-
T8 )=, HHWIE R(-)2-7T% ) —)VIZHFR
T 5, ZoFERIbER, (1) FEFREICr 1 RSP
TOREEERVWI LN, GHET A MmN

ANDF X =T (Bl 21X, Meier-Augenstein,
2004), (2) FFEARILIAT I/ BRASHERINZETH
%, (3) D-, LG EM T 2 VRO BN RE, L \»
VMDD Do TDID, HAZUTNTTT 4 —
JRSEAR H B = 5T (GC/IRMS) 12 & 50 F L
~)V (Compound-specific), b L <1, Jo2rEEE
75T L )L (Enantiomer-specific) % 5E 22 34 [A] fif
REITIZ BV THHHGFHRERETH S,

2. &R

D-73I /AT AH2ARERALLT, T,
N7 7 ) 7 Wk (Staphylococcus staphylolyticus,
Enterococcus faecalis) D_7F K7 1 »likx T
172 (Takano et al., 2009) . K12, KD F @A
FERE LT, M NG R T o B /K CHRAL S
N7V~ s X< VY (Caridina multidentata),
WA S W7 (77T v 7 & 4 57— Penaeus
monodon) O L&D Wik (R % Hwvwiz,
WO PR L LT, fRas) 1S3 5T o
TR CERINES N2 a ¥ v H = (Plagusia
dentipes: Chikaraishi et al., 2014), A& g5 0
K CHRIMS NN Y 82 (Fa—TT— A
Lamellibrachia : FEA1TH>, 2008) OAVEEL DA
fE Rz $72, saslk e LT, R
AR O TR K THERIN S N7 RERUE 0B 2 F w7z
(Bassez etal., 2009) , 7 I / EEO[EIL, AR
(Chikaraishi et al., 2010; Takano et al., 2015) DO{fE:
BB LY AART MLV ED—FD BT 72,

3. A&

3.1. 7 3/ BEOIhE & miiLiE

7 X/ o - FEEILOSHTTFIEE Fig. 1
R o BBEIEA DN 1) THERTF K7
7 B EREUEE 1 mg, AP o PR 1-5mg, A
AR (<500mg) % iRIEEE (>6M) TEEIN/K 7
L (110C, 12hr), HABHIEENL Y V7 HR
NTFNEET I BAGIHR L7z BRIKS %
TFoTWhizd, TANTFL LTV I VI,
ENENT ARG FURE T VY I VERIZER S
Do MK L 738 AE R © ARG (27
O Xy, p-NFH ) TORE —Himtic L )

727



T3 (ENTAL N4 TF VI AT IVERK) O GC/MS |2 L 2T

feL7:%, A%/ —VEIMZERN AL T Tl
|_7= (Chikaraishi et al., 2009; Takano et al., 2009) ,
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mesh) I2& V), 73 /BRI % K585 L 72 (Takano et
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Samples

<«+—— Dried up by N, stream

|| Amino acid / iso-butyl esters ||

|| Pivaloyl / amino acid / iso-butyl esters ||

| e/ms |

GC/FID, NPD

| GC/C/IRMS

(Z 2 Tl&, S-(+)-2-butanol Z i, 110C, 2hr)
TAVTFMEL, fwC, ko sL Y
ryuouaxyy (110C, 2 B cexxa A kL,
TIJBOENTAL NS A ) TFIVTAT IV iEE
K (¥Na AN,/ S2-TF VI AT IVEEER) %15
720 K—FHEGEEE (7 0ana Xy v/ n-nFH )
TOW—HBIC L), RELOELE T A )L
rARBIZRL, TI /Mo NgA VAT

<«—— Acid hydrolysis (6M HCI, 110°C, 12 h)

<+—— *Filtrated (elimination of solid precipitates)
<«—— Defatted (DCM/n-hexane, 6:5, v/v) by liquid-liquid extraction (x3)
<«—— Added 3mL of methanol and dried up by N, flow (< 100°C)

<«—— * Purification of AA fraction by cation-exchange chromatography [Ref. 1]
<+— *|solation of individual AA by ion-pair chromatography [Ref. 2]

<«—— Esterified (1 mL of thionyl chloride / iso-butanol, 1:4, v/v, 110°C for 2 hr)

<+—— Added 0.5 mL of DCM and dried up by N, stream (x2)

<«+—— Acylated (1 mL of pivaloyl chloride / DCM, 1:1, v/v, 110°C for 2 hr)
<«+—— Dried up by gentle N, flow, added 0.5 mL of DCM and dried up by gentle N, flow
<«+—— Added 1 mL of distilled water and extracted with DCM/n-hexane (6:5, v/v, 2mL) (x3)

<+—— GC separation and compound-specific detection [Ref. 5]

Fig. 1. Experimental flow and derivatization procedures of amino acids as pivaloyl/isobutyl esters (cf.
pivaloyl/isopropyl esters, Metges et al., 1996; Ref.4, Chikaraishi et al., 2010). The alternate
detectors are flame ionization detector (FID) and nitrogen-phosphorus detector (NPD) in prior
to isotope ratio mass spectrometer (IRMS). The asterisk [*] stands for an optional process. Ref.
1 is for Takano et al. (2010a); the cation-exchange ion chromatography is for the purification of
amino acid to avoid matrix effect during the esterification and acylation. Ref. 2 is for Takano et al.
(2015); the preparative isolation of underivatized amino acids for targeting analysis by ion-pair high
performance liquid chromatography. Note that a comparative study of GC separation using polar
and apolar stationary phases was performed with some capillary columns of Chirasil-Val (50 m x
0.32 mmi.d., 0.20 zm film thickness, Alltech Associates Inc.), DB-23 (30 m x 0.32 mm i.d., 0.25 um,
Agilent Technologies), DB-35 (30 m x 0.32 mm i.d.,, 0.50 um, Agilent Technologies), NDB-FFAP
(30m x 0.32mm 1id.,, 0.25um, Agilent Technologies), HP-IMS (30m x 0.32mm i.d.,, 1.0 um,
Agilent Technologies), HP-Chiral-20f (30m x 0.32mm i.d.,, 0.25um, Agilent Technologies),
HP-INNOWAX (30 m x 0.32 mm i.d., 0.50 um, Agilent Technologies) (Chikaraishi et al., 2010).
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Fig.2. Reaction pathway and switching procedure of diastereomeric (R, S)-amino acid derivatives using (R)-(-)- or
(S)-(+)-2-butanol and pivaloyl chloride for esterification and acylation, respectively (Takano et al., 2009).
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Fig.3. Total ion chromatograms (TIC) of amino acid as pivaloyl/S-(+)-2-butyl esters from bacterial peptidoglycan
tissues in (a) Staphylococcus staphylolyticus and (b) Enterococcus faecalis (cf. separation by DB-23 column as
shown in Appendix). Abbreviations with the D-, L- forms: Alanine, Ala; Glycine, Gly; Valine, Val; Leucine, Leu;
Isoleucine, Ile; Proline, Pro; Threonine, Thr; Serine, Ser; Methionine, Met; Aspartic acid, Asp; Phenylalanine,

Phe; Glutamic acid, Glu; Lysine, Lys; Tyrosine, Tyr.
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Fig.4. (a) GC separation of D- and L- a-aminobutyric acid (D-, L-a-ABA) and (b) mass
spectra pattern as pivaloyl/ S-(+)-2-butyl ester derivative. The mass fragmentation of
[M-1017", [M-73]", ions from pivaloyl [85] and 2-butyl [57]" are shown.
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Fig.5. (a) (1/4)

(a) Protein AAs
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Fig.5. Mass spectra of amino acids as pivaloyl/ S-(+)-2-butyl ester derivatives with the note
of molecular structure, chemical formula, exact mass, and molecular weight.
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Fig.5. (a) (2/4)
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Fig.5. (a) (3/4)
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Fig.5. (a) (4/4)
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Fig.5. (b) (1/2)
(b) Non-protein AAs
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Table 1. Summary of retention time and prominent fragment ions for pivaloyl/ S-(+)-2-butyl esters of L-amino acid.

All compounds are identified by GC retention time and mass spectra with those of standards.

Elution order

Abbreviation

Formula

Molecular weight

Retention time

Product ions

Underivatives Derivatives (min) (m/z)
Protein type
L-Alanine Ala CsH/NO2 89 229 18.1 156, 128, 85, 57
Glycine Gly C2HsNO2 75 215 18.7 143,114, 85, 57
L-Valine Val CsHiNO2 117 257 20.6 184, 156, 85, 57
L-Leucine Leu CsHisNO2 131 271 21.9 198, 170, 85, 57
L-Isoleucine Ile CsHi:NO2 131 271 22.4 198, 170, 85, 57
L-Proline Pro CsHoNO2 115 255 24.4 182, 154, 85, 57
L-Threonine Thr C4HoNOs 119 343 26.5 270, 242, 85, 57
L-Serine Ser CsH/NO3 105 329 27.1 256,228, 85,57
L-Methionine Met CsHiNO:S 149 289 27.4 204, 188, 85, 57
L-Aspartic acid Asp CsH/NO4 133 329 28.2 256, 228, 85, 57
L-Phenylalanine Phe CoH1iINO2 165 305 29.7 232,204, 85,57
L-Glutamic acid Glu CsHoNO4 147 343 30.7 270,242, 85,57
L-Lysine Lys CsH14N202 146 370 37.4 285,269, 57
L-Tyrosine Tyr CoH1iINO3 181 405 394 332,304, 85,57
Non-protein type

Sarcosine Sar CsH/NO2 89 229 17.8 156, 128
L-a-Aminobutyric acid a-ABA C4HoNO2 103 243 19.7 170, 142, 85, 57
f-Alanine f-Ala CsH/NO2 89 229 20.2 156, 57
L-f-Aminoisobutyric acid [-AiBA CsHoNO2 103 243 20.8 170, 85, 57
y-Aminobutyric acid y-ABA C4HoNO2 103 243 234 158,57
L-Hydroxyproline Hyp CsHoNOs 131 355 31.8 282, 85,57
L-a-Aminoadipic acid a-AAA CsHiNO4 161 357 32.4 284,256, 85, 57

Crustacea in terrestrial environment

(a) Caridina multidentata

Intensity

D-Ala

L-Ala

Time

Crustacea & Polychaeta in marine environment

(b) Penaeus monodon

Intensity

L-Ala

D-Ala

Time

(c) Plagusia dentipes

Intensity

L-Ala

(d) Lamellibrachia
®©
<
-
>
2
2 ©
£ 2
a

Fig. 6. Separation of D-alanine and L-alanine (EIC, m/z 128) in biological hard-tissue samples from terrestrial
fresh-water environments for (a) Atyidae; Caridina multidentata, (b) Black tiger prawn; Penaeus monodon,

and marine environments (¢) Grapsoidea; Plagusia dentipes, (d) Tubeworm; Lamellibrachia.
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D-,L-amino acids from extracted from
the Ashadze serpentinized peridotite

(b) N-Piv-OS2Bu

Glycine

L-Ala

Intensity

D-Ala

Time

Fig.7. (a) Separation of alanine and glycine by N-Pivaloyl isopropylesters and (b) D-alanine, L-alanine
and glycine by N-Pivaloyl S-(+)-2-butyl esters in the deep-sea serpentine sample at Atlantic ocean
(cf. Bassez et al., 2009).(c) D/L amino acid ratios in the analysed Ashadze peridotite rock with
the comparison of racemic a-alanine standard (Bassez et al., 2009).
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Appendix 1. Representative esterification of carboxylic group in
amino acids
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Appendix 2. Separation of D-, L-Glu and D-, L-Phe
by DB-23 30 m x 0.32mmi.d., 0.25 um,

Agilent Technologies).



