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Fy¥S) —BRIKENA % —7 24 A (ZipChip™) %272+ —¥ b T v FHEREE S
(Orbitrap Fusion) # 7 I VoM~ #EHT 5 &, A7 a~x s 5 7-HE0HE (GC-MS) TD%
WL FARRED 5 VIZZ N LT OREHE T OBEMNTRER 721 T4, IEE ISR D IR TR
HIENTEDL, BIZ, WHREZBEEWMHLESNZERICETNLEET I JBE, 1 FEACKHA
BOFETUETHEDNRERTH L. ZHIZLD GC-MS BT 2 HMHRE « e ICEIT 5
(1) MKSEBIETOT ANGEY TVE IO T AT FUVEE, 7V I VBNOZLH (2)
A BT S 70 oKW EIEE, (3) GC-MSEITIZBIF AT IVXF=r, YATA Y, L AF
Dy, M)T T 7 OB, REOUENIHIFEINS. R TIE N RN 7)) TEAERA
FHWT, BT I OBERT I R FNENROREARN LR R IESTE RN T S
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Analysis of amino acids by Orbitrap mass spectrometry.

Shigeru Shimamura, Tomomi Sumida and Takuro Nunoura

Combination of a capillary electrophoresis interface ZipChip™and Orbitrap Fusion mass spectrometer (Fusion
MS) is applicable to amino acid analysis even from tiny amounts of biological samples, in the similar sensitivity to the
conventional method using a gas chromatograph-mass spectrometer (GC-MS). Moreover, Fusion MS analysis can
achieve simple preparation of samples and rapid detection of amino acids, which allow us to access cellular free amino
acids with almost no preparation. Fusion MS analysis indeed potentially resolve the technical issues associated with
the conventional GC-MS analysis, such as (1) conversion of asparagine and glutamine to asparaginate and glutamate,
respectively, in protein hydrolysis and (2) low recovery of proline in sample preparation and no detection of arginine,
cysteine, histidine, and tryptophan in GC-MS analysis. Here, we introduce sample preparation procedure for the
analysis of free and total amino acids in bacterial cells and analytical conditions for the amino acid measurement in the
Fusion MS method.
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1. [FUSIC

4 —¥ b J v 7 (Orbitrap) B & 45 #7 & (Thermo
Fisher Scientific #t#¢) 1%, 1 4> b7 v 7HESHEO
—HTHY, 14 2 PLEBORE D THE, HREJED)
EELILETLYRVHEEYRIT S, COBORTER
T Al E R & R 7 — ) TR L o TRNTY 25
iR 7 — ) TARINEE B TH S, m/z 200 T
K 500,000 FWHM & ) 46D T B & 57 i aE & 3¢
DE &I, ¥ 7 1ppm (HNEREAEIZ L 5 LockMass ##

REfEHIEE) OBEERE CEDIIHMNRY OREHEE
BB EDPURTH S (FEH, 2007; MAOHRING, 2018).
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1 : OrbitrapFusion & ZipChip ¥ A 7 A4
1) it e
a OrbitrapFusion 1%, b ZipChip 1 ¥ ¥ —7 = f X,
¢ ZipChip 4 — bV 7 I —&FEFHL=> b
2) ZipChip TR IKE)F v 7
d BGE resevoir, e ESI pump, f Sample reservoir, g Sample waste

T 72, WRERt RO A bR A Y —
AR MAEDEDL LR THL I L00, (LEWHE
EICRHEST, TuT4— L% &Mk 4 2578 T,
NG OB m AR FIHEN TN 5,

—75, EEIEERNKS ML, fHoneT I /R
ML CH Az < b 7T 7 EEGHE(GC-MS)
WX DT AT, BETEBRE LT FRLE LT
mons (BES, 2016). COFHEE, AiE3E (LF
R AR O KR AE &= B X OV 8 A AR 3k O Mt i —
2: A a~ 7T 7-HESHEN L MassWorks) 12
R En b L9112, GC-MS T 77— 2wt v )
TVL—>aryHv7 b7 MassWorks 12 & O 4T 9
52 LT, TS THNORERVEEGSZ ERT 5
CENURETHDL. FLT, TORHGNE hFET
AT 73 IR C 2 o 72 MRS 22 s W O AR O I 58
O EETH A (Nunouraet al, 2018). & 512,
GC-MS DEEFITHEBEIZA - N T v T2 L 725
fliClx, WEE=EIC X 2LEWFEEIZ5, MassWorks
rHWRES, BTNORERMAEERZFET S 2
ENRTREE B, L, Thn GC-MS & w744
AELOMATICIE, BB RIS 58T, T A
ING XY, TIVE I VINENENT AT U, 7V
FIVERIZERENTLE ) 2 &, ArlIERIcBI S
7)) Y OEED 10%B L FIZR->TLE) 2 &, £ L
T GC-MS T EAEDS T VF=2 - VAT AV - L AF
Dy MN)TRNT s BEDT I EPBEBTE RN
EOFMMBELNT TS, (1A s, 2009)

—JTC, GRBNT XY ET ) —BKIKEA 5 —
7 = 4 A ZipChip™ (908 devices #1:#L) &, +—VY ~ T >
THEEARAE Orbitrap Fusion (X 1) % MlAG b 72504
FHETE, BREREIZL 25 FHEEDTRER 2T TR L,
T W HEARMET 5 2 e, A DR T
ETAHIENTRETH A, FFIZ, WIRZBE WL C
BrcAIRa OElE T 3 BRAWET 256, HRERIK S
R FEARAIZHE D B 2 SR ED L A ETE 5.
72, RIS RN E RN 10 uL L IEFISA 2%
W (EBIIT T A v ~NEA SN S EIE 5nl BRET
BB, WEBIHEE B L THIOGHT O 2 FAF
A3 2FHHE), GC-MS & v 2 Fik & MRk il
BANOBEHNTRETH D, 7B, K6 FEIIH LM@Y,
C OFECTHEBEMAK S L7230k & TS 2 55611,
GC-MS X ) A7 WilB COMMTARE L 22 5. AT
(&, SO LENTTFEOME L4, fEREREMR %
ETIVE LTH, EEEIKSH L CTHRRT I /R,
MR OMEE PR & 0 (S 7- MR N R 7 X/ BRIZDO W
TR T B L TRAT 5.

2. EFERREAIE

2.1 IBEENKSDERIC K BT = / Bl DR
V7277434 70 1.0mL (GL A > X) |ZHEHE
(73 7 BREESHTH, L7 4V AH06#3E) 300 uL
WCHE LA Z ANT, 20—X Kby TR
Ja—%¥y 7 (GLY ATV RA) THEZXL, FI7 N
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T11I0Coe— 70y 7 E TS SE 5.

BERRIMK B DN T VB e — b 70y 79580
HMLUTEERICEL, Yruaxyy (FA4+F3 08y
MrH, &7 AV 2 R 200 uL, ~NFH > (54 A+
UGN, B4 7 AV AHEHEE) 400l (V2
OOy y AFHFr=1:2) 2Nz, 775MOTHE
C|AETMR, NATIDS LRBOERRE Z k& FE O
FxATH. COBEERE3IHEEY R LR, XY -
(FAFFT 2 HGHMML LIZLC/MSH, 8L74
WV AFEHEEE) 400 L 2 iz, BRI AOREAFIT % H
WCHZRE S 5. 7207 3 7 BRI (QTofMS H,
BT AV ARG 50l 12 THARE L, ZipChip
Metabolites Assay Kit (Thermo Fisher Scientific #£) @
P TNNy 77 =12 TL0 RIS AR L TSR & L
72 (mES, 2016 2T0%). LaL, EH S O R
(K756 %, Orbitrap Fusion = f\:72 CE-MS & JU E ##
GC-MS TO7 X /BAM D) (TR END L9 12,
AE = VERINZ TEET 5ERICB T, RN
FISH R 2 Z LI L TR Y, WEBOBERE
FITEHS (KFE63) 2N,

2.2 fHREAIDsEEEE 7 = BT R DR

BR% 70% 2 % 7 — )V 700 pL 1288 %, BEEAE
PFAY—=QT00 OKIFFIT—FEH Y T HR—-V I AT,
QSonica ) 2 TP B KR 2C, Amplitude : 40,
Process Time : 3 47, Pulse-OFF Time : 15 £ @ 5 Thi
L7z, £ LT WEMPEIZ 7 moskv A 400 uL %
MAT55MLonh &Lk, 20,000g, —8CT
10 43RG L, bR OKRg) % 2mL 52— 7128 L7z
502, IR LDz, Koo T (HREERE)
AR 200 uL 2N AT, FSEFTHRE, mol, €5
W EBEZRELL 72, 20k, BIGENERZT A 2R E A
\FCHZ[E L, ZipChip Metabolites Assay Kit O > 7' )v
Ny 77— 30 pL A THRE L CHlERUEE & L7z,

2.3 FrESU—BIUKE

BGE (background electrolyte) K O, ¥ 7 )Xy
7 7 — & ZipChip Metabolites Assay Kit (Thermo
Fisher Scientific ft) # 7z, %8, HHTHRET 235
&, LC/MS 7L — FOREEXH, Tz To
MO BGE, > 7Ny 7 7 — % #fi$ 4. BGE (B
fik: A4y 7O =) T b= M)V FEE= 68
20:10:2 (%, v/v)), F¥ TNy 77— (EHK
AL =)V BT Y= A =80:19:1 (%, v/v)).
% Z vk B 13 ZipChip HS 9 v 7 (Thermo Fisher

Scientific 1) % V>, Field Strength Start 1000 V/cm,
Injection Volume 5nL, Pressure Assist “Disabled”® 4=
2T, 3 MoRETIT- 7.

2.4 BENH

S8 o 52 12 Orbitrap Fusion & H W T, MS K& OF
MS/MS ZNZENTRED M2 THE L 72, Targeted
Mass VA b% 7 4 V% —& L CTES:L, Scan Priority
EECRETHILET, BCEEOLENY -V DET 3
Vg omz BRI MS/MS MEL FEL 72 £ 72,
MS B & 8 MS/MS & Data Dependent Mode % Cycle
Time 0.6 F12CTHIE L 72
[MS ill5E §#4:] Detector : Orbitrap, Resolution : 15,000,
Quadrupole Isolation : ON, Scan Range (m/z) : 70-500,
RF Lens (%) : 60, AGC Target : Standard, Maximum
Injection Time Mode : Custom (50 ms), Polarity :
Positive, EASY-IC™ : ON

[MS/MS #ll % 2= 4] Isolation Mode : Quadrupole,
Isolation Window (m/z) : 0.7, Activation Type : HCD,
Collision Energy Mode : Stepped (25,35,50), Detector
Type : Orbitrap, Resolution : 15,000, Scan Range Mode :
Define First Mass (m/z50), AGC Target : Standard,

Maximum Injection Time Mode : Dynamic

3. KEBREMELORMBULLT S /BEOD
AIEFER

— i R R AR O WA %, SRR L <5
KT I/ PRE, REB A BN ERE T X R
DEFREFENEFROY A7 0< N T ARR2ITRT.
F7o, RLIIET I/ BROBBOF & RERH (RT),
MS/MS ER 2 b5 7 usy s bt v =7 B EDfFE
WEF LD

W7 I BNETIE, TANRIEY, FUF IV
HEhTwhwgs, i, EEghiks@osiEc, 7
AINTGHEY, TV I VPENENT AT XU, 7
Wy I VERICEIBE NI KB, —F, Ta)
TVEF=r, CAFV -7 @EL S s T
Wh VATA L, I ENE OO Y - ZEREX
<, T2, PUT NI v E R G VA
TAYRYMN) TN T 7 2B AR BHRERE,
ERIZBIT BRI 21T T <, AT L 72088 5
MW BT HFHBEPIRNZ L EEH L TWHDT
EhnpEiEgsns.
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a)

T3 W e R

b) HEEET I BRIERSS, ND (Rfet), &7 3/ Bo—CFRERLIEER 1 2.

F£1:CEMSHMERDLT I/ BREEE L 70y s M+~

Retention time (min)

Calculated Calculated Total Intracellular Fr
AminoAcid  Abbreviation Formula alcuiate Precursor ion _0 & . acef ua . ce Measured accurate Product ions (m/z)
Exact mass amino acid amino acid
[M + H] (m/z)

Lysine Lys (K) C6H14N202 146.1050 147.1128 0.89 1.02 56.0490, 67.0536, 84.0801, 130.0852, 147.1126

Arginine Arg (R) C6H14N402 174.1111 175.1190 0.94 1.05 60.0553, 70.0648, 116.0701, 130.097, 158.0919,
175.1201

Histidine His (H) C6HIN302 155.0689 156.0768 0.98 1.07 56.0491, 81.0442, 82.0520, 83.0598, 93.0441,
110.0705, 156.0767

Glycine Gly (G) C2H5NO2 73.0315 76.0393 1.09 1.19 76.0392

Alanine Ala (A) C3H7NO2 89.0471 90.0550 1.16 1.25 60.1084, 90.0547

Valine Val (V) C5H1INO2 117.0784 118.0863 1.30 1.38 53.0382, 55.0539, 56.0491, 57.0569, 59.0488,
72.0802, 118.0862

Isoleucine Tle (D) C6HI3NO2 131.0941 132.1019 1.33 1.40 55.0540, 56.0495, 69.0695, 86.0960, 132.1017

Leucine Leu (L) C6H13NO2 131.0941 132.1019 1.36 1.43 55.0538, 56.0493, 69.0694, 86.0957, 132.1017

Serine Ser (S) C3H7NO3 105.0420 106.0499 1.41 1.48 60.0439, 70.0283, 88.0386, 106.0499

Threonine Thr (T) C4HINO3 119.0577 120.0655 1.49 1.50 56.0492, 57.0332, 74.0597, 84.0441, 102.0544,
120.0655

Methionine Met (M) C5H11INO2S 149.0505 150.0583 1.49 1.56 56.0492, 61.0103, 74.0232, 84.0439, 85.0278,
87.0258, 102.0544, 104.0523, 133.0311, 150.0589

Asparagine Asn (N) C4H8N203 132.0529 133.0608 ND ND -

Phenylalanine Phe (F) C9HIINO2 165.0784 166.0863 1.57 1.63 79.0637, 93.0694, 103.0533, 120.0797, 166.0866

Tryptophan Trp (W) CI1HI2N202  204.0893 205.0972 ND 1.66 91.0536, 115.0534, 118.0643, 146.0591, 159.0903,
170.0591, 188.0696, 205.0971

Proline Pro (P) C5HINO2 115.0628 116.0706 1.59 1.67 70.0647, 116.0704

Glutamine Gln (Q C5H10N203 146.0686 147.0764 ND 1.68 84.0438, 130.0490, 147.0763

Glutamic Acid Glu (E) C5HINO4 147.0526 148.0604 1.65 1.70 56.0491, 84.0438, 102.0543, 130.0490, 148.0602

Cysteine Cys (C) C3H7NO2S 121.0192 122.0270 1.69 1.76 58.9945, 76.0209, 86.9893, 104.9997, 122.0270

Tyrosine Tyr (Y) CY9H1INO3 181.0733 182.0812 1.75 1.79 91.0536, 95.0485, 107.0485, 119.0483, 123.0433,
136.0748, 147.0431, 165.0538, 182.0822

Aspartic Acid Asp (D) C4H7NO4 133.0370 134.0450 1.83 1.87 70.0283, 74.0231, 88.0387, 116.0334, 134.0446
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148.0605
1005 NL: 1.56E8

Relative Abundance

30 73.0646
84.0442 130.0497 | 149.0632
10 255.1130
LI l
100 150 200 250 300 350 400 450 500
84.0440, /7
1002 \j§/MS m/z148.0605@hed35.00 ’ ‘@m b
905 NL: 1.53E7 +
L o
[
JK/’\’{ ~Non o o
A 2
2 Ho = NNz e
N\ NH2 + HO ™Y ""OH
30 N2 o NH3
20 56,0492 130.0492 +
148.0597
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85.0474
5 MS/MS m/z149.0632@hed35.00 C

90: NL: 8.51E6

40 84.0440

10 = 56.0492 |
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K3: 7y IO MS B LU MS/MS A7 bV
a: 7 WY IVEEMS AT MU, b VY I VEEMS/MS AT ML, ¢ BC xR 1OEL VY
3 VPR MS/MS A7 b )b, NL (Normalized Level), hed (Higher energy Collisional Dissociation)

—hT, HEHET IV BOBETIX, TANNTF U2k
CETOT I VSN, HL, RER-AE T
I/ BOBPEIIAN, 2RIE R 2BER AL N
ChUL, EEET I BRIATIC BT B VRS R L EE
DHIZEBE, 7 3/ BHEENZHRT, 73 7 BRUS
DERCEY DRI HEHIRIE L, 215 DY ESKE)
T LR THLEEZOND.

A0l O fRERTFEF 1, Orbitrap Fusion % H 72 8 7
I VBEOGHTE, GERD GC-MS % V72T BT 5
Bt ifm 4wk L) A2 L 2Ry, 27250, Bkt
BRI I B2, WENOLEY DS RIkIIRE
SR T AWHEIC L DELL, ZNH2MS 2B
AT AALERCHAT 5 2 LI X ) RIBEE O T IC%
WLEDBD L. GEoT, FirzeAWaAE 2 ET 5B
X, FYRT I VMREBEMT I RE TEIHENT L
ZNENOFN FEICH KT 2 BAWHREZ ZEO -
T, MNTRR - FEEERT 22 E L,

4. 74V MRV —DFH

M3ICHRT I/ BOMWEIIBITILOZ VY I U
(IM+H]*m 7 148.0602 : AR EFIE/NEUTLLT 3HiT
HLY, RRTIEIREOFMAEY -7 DEEE m/z
1.003 %9k 9 T, BMATEMNOBEL 2D F FELT

HHEETH) ODMS AXZ ML (M 3-a) &, ZZI2Hl
EN-HRELEEDOFMAKY — 27 m/z 149.0634, Z
FNDO MS/MS AT~y (B 3-b,c) &RL7:.

MY —27DEIL2C L BCOEEZE(mn/z1.0032) TH
D, FSCHEMAEOE -7 2B LT HIZZENLEN
% MS/MS #ll 52 L 72 % %8 o # 7% 15 # %> 5 (Thermo
Fisher Scientific #1324t mzCloud A2 bV F 4 75
) — % %8 https://www.mzcloud.org/), m/z 149.0634
DTNVE I VERIZIE 1 DO BC HEE TR OV I
AENTEY, EHIZK3-cDODE—=ZIERN»S 1AL ji
FZHT 72 IM +H-H20-HCOOH] * m./z 84.0440, [M +
H-HCOOH] * 1,2 102.0545 (2 Z ILE 4 mz 85.0474,
m/z2103.0579 DEAAE =7 BRENTVwDE I Ehn,
1RNDRFENZC EBCIZh>TVDEHDN, E5EHD
FIELTWD Z Ebnd (FEFS, 2015). F7z, 517
DR FEMVPNT 72 [M +H-H20-HCOOH-HCOOH] * m.z
56.0492 12 m/z 57.0526 B3 H LA 72, [WAFIZ 5 A
DIRFNZHLEC L BCELELLFHELTWD Z LD b)
5, [FEEIZ 2~4 D T2 L T3~ 238k % 41
BN T A =7 I EN TV, wWiho
JRFEDYI5C Td 5 0BT E R \WADS, m/z 57.0526 D%
EPHVTNR L DOPBCTHD I EPRBENE. D
F0, CORRANKEEL VY I VEETIE, FFED
RENBC EHR>TVBHRTIERL, FMORKIZT ¥
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FRIZBCH A>T I EPHLNIIR -T2,

5. ¥&H

REENTRAM LG RIE, CE-MS & F\w 729 Fi
B, EERNARTERR L7223 2 w7z b L —H — A
T 247 BT, IFWICHEM AT =8 27253 etk
Y. WHTEOME S &R T OMED T RER 2
b b, CE-MS & Wi Rk, 4%, GC-MS
rHWEREE G T, ML —Y—EET RO E
BhFEO—D Lo T T EpHIffsN L. B,
KIROFERP OB T 5 & — IR TEE ST oA
NaWEEsE T X /B2 e 286, LERREAEL 100~
W0l TH B eHfmEs s, IS, MEMEZ RS
BASEREE ORISR L o THRART I 7 RZ
ET LA, 100~10° fAlafEE T RIF 2R %4155 2
ENTEDL EHESI NG, ERICFEMAEEZ AR 7
HRTOFEM BT OV TIIARFEE LB I N/
W,

12, Thermo Fisher Scientific 32k D414 F
v 7 b7 =7 Compound Discoverer 75/¥—2 3 > 3.1
o b L= =TS L2282k, KDIA
HPH R HARET IR E LML —H— 2 Ku I 7 AR
MO BRIEDILA o 72, WKL - WaofeTh ), 2o
WEHEPIHTE 24— b7 v TRIRO B =505
& 73 BRIZT T REER R TCA Il (7 >
FRIEIEG) 7% ARz EHESRE TS b L — — %
FrzBWTh, FEFINT T NAR Y — )b & % B e
EV. B, BUE, k4 id, CE X UPLC & &5 HEF
TR L, PREAHRICHED LR L —F—K
AR D X0 EIREE - EREEE e TR R ML T X SRt
WEF 2 DTG, AN LT I 7B L —F—
AT & 3R, M ORI OITRIZ BT 5 H ) 7
HWEo—2t b 2 2 HFF LT\ 5,

I

Kk D HI12H720), EUEFEFEANFZ TV
WotE (EERTZERZERRE) ([C—foY v TV
WhTEW. /2, Hil 2SS 2THC 32, RE#H
FORKREIHW:, JAwAZEZ (bl KA RRR
WFZeRT) ISR BILER L BT E 5.

RIETHA L72WFEO—3BIL, SCEHRHAA R AT 7E %
HiBh4 - FEEA IS gE [ BRA fr R % i & B3R
A b o oktgRedErEy | GRUEE T 19H05684), HAY:
MRS AL ER R BB 4 - 278 (A) [TCA B D
LR L 2 ORIEOM] GRER S  19H00988) TAT
b7z,
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