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Advances in research on mass spectrometry based chiral amino acid
analysis for quality control of racemic peptide impurities
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Abstract: Chiral amino acid analysis is a sensitive, efficient and economical method for controlling racemic
peptide impurities, especially for synthetic polypeptide drugs with complex composition of amino acids. Unexpected
amino acid enantiomers in racemic peptides can be measured by chiral amino acid analysis coupled with mass spec-
trometry. The position of amino acid isomerization in the peptide segment can be accurately mapped by mass spec-
trometry, which lays a solid foundation for screening of racemic peptide impurities and rapid identification or quan-
tification of trace racemic peptide impurities. Combination of the two techniques is vital for quality control of the
synthetic polypeptide drugs and for research of polypeptide drugs based on chemical synthesis. The strategies of
peptide hydrolysis have been summarized in this review. The latest chiral amino acid analysis based on mass spec-
trometry is briefly reviewed. Based on our knowledge, we have pointed to the direction of research and control of
racemic peptide impurities in synthetic polypeptide drugs.
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Yimr, 0 7 R RO . T BE IR A R ik
—RE W R BT, N2 IR T — A B2 A R U
TR B B S FE R B P I B IR BE M . ) i /b )
3AEZ ML AR IR A & B E K2R 3, H
A 45 (3 J7 V2 PT E T S A 201 ST AR K EE X, A
WNITAEEERBRAR G Kk, HT 2 FEMEH
Z2 5 /0N, W T IRAR MEAE DR B I 18] b 5 32 e o0 e J oAt
A UG 58 4 o) B A HoE AT AR, HB B 5 >
WA R, TGV o DRI, Y R DA AR BT AR A A X T
At 2% J57 SEID DR A o X Vi e JOA A% JB ) 4% o i
W G B IR 58 42 K A R S A R IR, A I X AN R A
TR TR SRR VR & R AT X i A 73 5 v SR AME e
A B AR B AT SR [B] B AT WU 5E o« PRI, TR s R R 1
I3 B8 53 BT SR T Ik 23% S5 A 1 1 DR B R

BT BT S IC H HOR B TR B R 2 A i AR R R
Je R, O RN A RO R SR IR B B B 5T B AR 73 B 75
%, 8 T m ARAR S R B R 2 . 1995 4F Goodlett
SRR T g R A 4 A WO € - B v (liquid
chromatography-mass spectrometry, LC-MS) Jj % i B
T N A Bl i 1ok o /T 0.1% i e Ik i 4 5, 3
FFNAVE B 13X — BRI BORAE B 2 AR 5 A 4 00
IR REME . X T A B K A R ROR 15
ZEORM A LN . H AR 2 b R i g BoR
R T AR AR L RR (W 73 o DLSCZETR AR 9 ],
N i e LR 2R A IR -1 1) S A s 77, — N L5 K
B = UKo o T @ IR 2% BT A% 1, USPAL R fi
FITARER K A, #E4T 22 2047 A Ak, SR AU i — o
7% (gas chromatography-mass spectrometry, GC-MS) &
Xt B 55 A A A A 2 0 D-His AT L-His [ X B A5 33847
Mg, LAz E D-His T e Ik & & . BT IRBAE
—ANL-His iz f1, B i i BR A1 D-His B9 AR XS EE AN
T 1.0%, A LA ) D-Hist Vi B Ak 4% 51 & & o 17k
AR R, HL R T DO B A [ I e 0
Tl AR IR AFAE AP BE Pt o R b T2 B FH R 1Y
T3 12 R T R A R R 8 o i e — o JE AR
K, W& EE R 3 AT 75 V5 ) B N B 5 5 AR ) H
I, AT DL AR b B R 110 5 T 2 X & 2 IR 25
TH TR PR A 4 o ) 75 3K, DALt BBk 22 F 98 N 52 1%
W BOAR T ¥t 5 B 12 PA K 245 1 o1 & 4 1)
B Bto

KRICIAGE T 2 IRPTIAS [F B K il 7 3%, B 3T
J5 T 5 A B T 2 TR 3 AT ) R 7 9 AR TR S LR R,
B A e R 2R 5 BRI 9T 5 o B s e — e
WHZH

1 ZBRHOKRES &

NTRB 2P FHEERNAREGE, &2k
2 IRIEAT K, BE 225K 22 K58 4 /K R L IR, i B2
PRAE S LR (1) S5 WA 2K fR 2 A B T3 FH IR K i
25 A2 110 °CER R /K fift SN 24 h, W] DLSE R R 43 2 Bk
SEAIKME . SRS A S BE R, 49140 Trp A Cyst, 7E il
R AT R+ oA ke . N T Ik &5 R 1A AL
N, T MR FSOTER F HAR 1) K g 732, W3k 1.
FT% M (methanesulfonic acid, MSA) & — il A B4 4k
PRI A NLERRR, S8 T & F Trp.Met 5 Cys (1) 2 JIk
KA, AR F B E SR A G, K 5 MSA AN
BEFERBR 25 A, MSAANRE FH TS AHZKARE, 280011
A 303 LR AU R B R 2T, Bl /K A8 B AR
] FH T RIS FE A2 F S A28 11 Trp, (H 2 2 %34 Ser.
Thr.Arg 1 Cys, & % 7 T FUH Ath 2 B R & A2 41V e o
Pt fiAE 189V ) g I8 2% PR RN L T Y8 e A H ER T e
T S 11 B 11 LA o TR R S 2, ONRAS T EE TR
BRIE, FES RS LR R (B R R, OB R T B
P A B A B . AEARIE e /KRR AT R, BT
205 5 L B[] B3 A PR UL B 45 2% AR I T DAJR 2 X 2
P PRI IR, B8 32 3 0 Ath g 80 I 8 7 3, el in B B
FKAA B HCI ZE VR 7K AR 6100, in s K At ot 7 M i 9 2> 2 2
R % T %A 4 F T RO 30K D SR R R 1
Bfe, 42 v IS, 4 J e i L. 0 AN FR e 2R R
K AR T3 V5 TR 90 R R, 55 [ 24 S R0 I 245 3 3%
HH N . BRibz sh, F AR T IR E
KA SF A 0T B 0y T 1 4 B P s

HARFAFEM R K Z N LA . A2 K
TR SRR o1 B )R T I &R T 1 2 R B S 14k
EW,AERNBRER TP O —, ali ERER 75T
i, B G AERRIK AR 56 T R AR SR A8 e, (F R AR L
PRI R D B, BRI R K AR AN HEAL . Frank 2504
PR, 2 R 0 S R R I i Al R AETE K BRI GR Y
B IR EE AN (8] % (G 24 h) T Eh R I 1
Figrh, H = RASME AR R A @i D-2
R B 73 LU 55 7K AR B 1) P 2 1k o 4 A 81 25 119 7 v AT
DR E#E T N TP X Z b & w1 546
TP RN AN IR A ik R R A B AT T Ak, 3T A R 1R T vk
¥R F &) A 2R 22 4 — o 0 1B FH 2R3, Miyamoto
SR FH DCI/D,0 i & R isE 2 ik 15 47 7K i, 56 F WA
U Ef I R S o B S R R N A4, LA T R 4R D-
Ala FK i A= i D-Ala ¥ 5 Ao LE, BT 5 3 102 T 238
INT L, 3@ R o R AT LUK 3 X AT, B S R
B SE T B AR AR OB BRSO R (D-Phe®-LHRH) i
AW BRI 43 B, 3 W %% BT 8T E & A D-Z SR 1Y
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A, AF R ARG FE B D-Phe t 1] B 78 /K fif v 2B A
e AE B L-Phe.  [RIIL, AR ER R 7K Al il o A Bk 22 K
PR EERS T EETFRZ —,
2 FUHSRERBNIWEE
ZIKE KRR ERER G, 7 EXHAEEN T
BRI oy 88 RO f AEf E . TR BRI 4
W75 B TR AT A A TR B2 43w vk, o, fi7 2k
Wik X o N TF AT AR AE T AT A4 . W T
SRR A 7V O VR 2 M DGR E, L3k 2023497, A
e R 830 J LA B BN T2 1 GC-MS . LC-MS F1 &
Y1 H Wk - 5 1% 72: (capillary electrophoresis-mass spec-
trometry, CE-MS), G0 45 %08 i €438 A5 A7 A2 R A1 X
21 GC-MS GC-MS:4#r Tt 2 B B A B = 1
SRR REE, W S5 FHBAMEHERH . KERN
WA, et AT AT AR LR SR
Yo FERATAMTTEA B BRI AR ek S
WL AT AR R AT R R R R e R R
B0 T U B S A B0 0L A R P 2931, GC-MIS 1]
LB S il FHEEER mE R 08, Halo
AL iIE . Waldhier 281953 I £ 45 4 T GC-MS
f 5 B - 14 B 4145 A (Chirasil-L-Val #%: Al RT-yDEXsa

Table 1

FE) F 4347 20 i A P G2 IR 11 3 ol SR R I R 6
W P47 A2 7= 0, 45 31 D-2U B WA A= 1 1 G 00 R R g £
PR 5 K 20 99 7T ik 31 3.2 nmol-LA10.031 pmol-L2, FKf
Z 7 T B i N A A PR AR S 1 L/D-S R TR,
g5 LR GC-MS J7 i 52 H T s i /s FLRG 2 B .
GC-MS 7 HT F- MU I TR 1) 70 25 R AN R B 52 3 22 [

RO, LG AT AR T I AR M AT AR AR R 4 08
oA R A A 5 2%, Lorenzo Z5B37E 5 ) 7 T
2/ 1 5 TR T 9 25 S B B B R AT AT AR AT, Ay
P25 Cys Al Met (IR e 1, B8N 7 T 34k 35 5 F 2R A
AL, B 5 83T GC-MS AR AE Chirasil-L-Val £
RIS B 14 % DILESERRATAEY) . FYEARREE 43
B MR R R AT A, (BN A B Bt . Luan S5EB4IT H
e T — AR RRAR IR, AT DL R 1 E IR R
Pric BN RN BE I, A AhE e gt R R R HE R 1, S5 A
1E Ak 2 B 55 -GC-MS/MS 5 A ikt 8 F AE F- 1t B 4145 b
(HP-5MS) ¥ [7] 43 5 # 4& (Ile/Leus I-Ala/g-Ala) 53 FF o
L4 GC-MS # L, 2 4 S AH &3 (multidimensional
gas chromatography, MDGC)[35301 7£ 433§ 5 1 R 5% 7
I B A R % . Waldhier Z5B75 5o S 86 % B, A FH
y-CD F 14 #:-GC-MS Tt % ¥ D-lle/L-Leu. L-Thr/L-Asp
H1 L-Ser/D-Met 4y &5, i 5 45 & F 1+ (Rt-DEXsa) 5

Methods for hydrolysis of polypeptide avoiding the destruction of amino acids to be determined. AA: Amino acids; MESA:

Mercaptoethanesulfonic acid; MSA: Methanesulfonic acid; TFA: Trifluoroacetic acid; TSA: p-Toluenesulfonic acid

Hydrolysis method Hydrolysis reagent Amino acid Reference
Antioxidants and additives  Ethyl mercaptan; Mercaptoacetic acid; Phenol; Tryptamine  His; Met; Cys; Tyr; Trp [5,6]
Other acid hydrolysis MSA; MESA; TSA Trp; Met; Cys [5,7]
Alkaline hydrolysis NaOH; LiOH; KOH; Ba (OH), Trp (Not available for Ser; Thr; Arg; Cys) [5,8]
Enzymatic hydrolysis Animal/plant/microorganism-derived proteases; compound  All AA [8,9]

enzyme
Microwave hydrolysis HCI; TFA All AA [6,10]
Vapor-phase hydrolysis HCI All AA [6,10]

Table 2 Classification of common methods for chiral amino acid analysis. DABS-CI: 4-N,N-Dimethylaminoazobenzene-4'-sulfony! chloride;
FDAA: Na-(2,4-dinitro-5-fluorophenyl)-L-alaninamide; FITC: Fluorescein isothiocyanate; FLEC: Fluorenylethylchloroformate; FMOC-CI:

9-Fluorenylmethyl chloroformate; OPA: Ortho-phthalaldehyde

Method Classification ,?en;:;/:;cuael Derivative reagent Chiral additive D/L Recognition Reference
Direct  Chiral stationary LC or CE None None Difference in retention time of [12,14,15]
method phase method enantiomers in the chiral column
Chiral mobile phase LC or CE None Cyclodextrin Difference in retention time of non- [16,17]
method enantiomers in the non-chiral column
Chiral spectroscopy  MS/MS  None Cu (I)-L-Tyr; Difference of abundance ratio [18-21]
method Zn (I)-L-Trp; between daughter ion to parent ion of
Phe/Pro/Ser-deriva- non-enantiomers
tives; Cyclodextrin
Indirect Chiral derivatiza- LC or CE OPA; FLEC; FITC; FMOC-CI; None Difference in retention time of non- [22-27]
method tion method DABS-CI; FDAA enantiomers in the non-chiral column
Non-chiral GC Alkyl Methylsilane; Fluorinated None Difference in retention time of [28-37]
derivatization alcohols; Chloroformate; enantiomers in the chiral column
method Fluorinated anhydride
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WAEFE (ZB-AAA), 37 4 SAH B % AT I ] 5 0
JPEFRYE T Z ), FRTE 66 min N Th 4 B 20 N & A
RINAF B FEe AT A . BT 5 IR T AR

B, BZITEN T LR AR IR EFE T D-]
FERRW 5, v ASEIELZL 47 B HAS BB AR 2 &= IR

2.2 LC-MS LC-MS A 3R43 O) B I8 18]\ 43+ & (J5i fif
bb) K& & =45 R, 722 Ao ot h B R iR
#o LC-MSH T TR 7 i £ 2 NE Tk
BT FHEATAEAC R T . B TR A IR IR G 7R
ATAEAL, B A AT 40 B8, B A T AT A AL I L
ANET ) B, Konya Z504 4 37 7 F M A Crownpak
CR-1 AR AT I 8] J53 3 45 & B B2 70 #7773, £E 15 min
YT 18 i [ MRS BE R (B Pro) SCEN R4k 4y 55, Bl
JE R TTE R T R E D- " ERMNE. B
FEVE IRk B AL HE D B8, (R TFEAE A = B 5 24k
A, FHAE RN 2 & AR L, 55 e A
IS, XA PRI T TR Z A A . T AT ALY
J7 VR — 8 R R G A S 3 FE R RERE,
UAE (5 2 R R A 1) 43 5 v, A Marfey 10571107 4E 4
10 [B) #9925 EU SR P 4 28 1 - MR A 5 9 110 45 S B A2,
H A0 H H )k 2 i TR BRI N T, )
fir ARk 484 — W (orthophthalaldehyde, OPA).Na-
(2,4- ZFif e -5- 5 2R L) -L-TH & 9t i [Na-(2,4-dinitro-5-
fluorophenyl)-L-alaninamide, FDAA]. Z. I #i %i ¥ 5
fi HU B 5 (glucopyranosyl isothiocyanate, GITC) 23, 4-
B -7- 1 % -2,1,3- 7% 9 % M (4-fluoro-7-nitro-2,1, 3-
benzoxadiazole, NBD-F)[ 4- — H fj& % 7 3 {1 4 7% it
It 4 (4-N,N-dimethylaminoazobenzene-4'-sulfonyl chlo-
ride, DABS-CI)!. (S)-N- (4- i 5 % 48 Bk 56) 7% T 2 R
S 4T [(S)-N-(4-nitrophenoxycarbonyl) phenylalanine
methoxyethyl ester, S-NIFE]?445 . Mochizuki £ f
— i A =R T AT AR 46 71 DMT-(S)-Pro-OSu, 45
& = E DY (triple quadrupole-mass spectrometer,
TQ-MS), 7EAETFPE RO A X% A M o 1) 2 Fb TP
FERR AT =y R LG B A . 2P IR B H AT A
AN T 45 R R I 3 R B, DR T R B B T v
AAERE L. OPA L FIHuELMH & A (E 5 %
A VB HATAE T4, 2 58 & RO (k- D0 -
K A7 ] )i % (ultra-high performance liquid chroma-
tography-quadrupole-time-of-flight mass spectrometry,
UPLC-Q-TOF-MS) I HI i AT A4 2410 53 1 73 129 2% %
R AN R D528 H AT A = P Fa g M % . Kuhn-
reich &P IT T K& 1 —Fh B S AT A A 70 A J7 32,
IHTE B B HUREE Sk N R AEAT AR AR SR, BRI oA S
IR E B AFE N & ZE R 7 M 7, AR

TE X} GC-MS Fil LC-MS J7 ¥ 13847 b A5 B8, if 35 1] 2% i)
ALK (29 6~8 h), 1M J& & L A1E 2% 60 min. 534, GC
A R ] e S BN ek . DRI, AR 3 v
WA 5E, (H LC-MS H & B 2 0%, th b/ T A
IR B IS TR 2 MR RINE T BR T
TQ-MS 5 Q-TOF-MS, UPLC/HPLC i& fig 5 % i B =
Sy HEBLE (orbitrap MS) BXA, 5 0% 1 B2 B R
H¥gm 7 HABEFREERNS &M E 1 Mo,
M R DAAS 21 58 vy ()R 3 R AN R U
2.3 CE-MS CE-MSHA CE 43 B &% i i b Ak
79 FE B/ SR A, MS i R R B K ) 45 R A AT
ThBe 1E 4 v DASR AN A2 AR 1K 51 6 10350 0 B 2
DAAS WU YRR, B0 O BN R L 2 K R A 2 0
S M) E T B 2 — . Sanchez-Hernandez %5061 JF
KT WFR 535 LA KA FS p-CD 1 y-CD 1E R F 1 i #5771
() CE-ESI-MS? J7 2, SEBL T 13 Fft 2 11 o 2 B R AN 1
TR FHE oS e, & k13718 LOD 18
0.02~0.8 pmol-L* 4, A 8 A Tl /N T 1% () %] e f4
AR T A TR T R i, 7R
CE-MS /i LA EI M . CE-MS I ZER i # k #
()1 S G2 VB S DRI DL R 2 T i 1 ) 45 ) S 4k,
LSRG BE IR 2 L 08 AR e B, e A PR HG i V& T
SR IR 5 LC-MSAHAL, fiTA A AL ERAMY AT DA st
CE-MS X F=- 1 & 3L 1R 1 70 5 R %, i ] DA ey HE 25 2K
AP MS T e = . F 10 CEAT AR 57
it F R % )6 2 (fluorescein isothiocyanate, FITC)R7:39
T ik SR 2 AR B Tk & (9-fluorenylmethyl chloro-
formate, FMOC-CI)“1, FITC A1 P} fifk ik S0 (1 3 2k o5
FERTA AL I NI 7 BN, A ) FMOC fiT A= 4k
N — i A 75 10 min. 534k, 08 i CE-MS (microchip
electrophoresis-mass spectrometry, MCE-MS) #& H #i it
WA 2 —, B o ke sy, R S
Li ff 5T /N 411425 Fif MCE-nano ESI-MS, 3 i [v 4 B i
7 1.5 mmol-L! () NBD-F 52 8l 7 & & R 1R & ) v
Ser. Ala [ 75 25 # Ja fi7 A= 4k, Al R BB $2 7 T 249 50
£, Bl JE AR A (9 7 v SR T8 & S ) 4 e 9 A1 Ser
X AR w2 B, AT 2 B PC-12 4 42 4 fifg %5 L/D-Ser 5%
B o
3 JHIERARIFFINE

R 3RAT T I E A7 7R 1) D-2 2R & &, VI ek
& HAE Z K B R A IME TR A AL 5, 75 2 2 IR 2719
ITESRME R IR Z K LR S B o THBEAK I 2 51 2
T3 VR S e LV R R e, R A I R B
H T K Y B0 5 () 0T 4 7 v R B Ay O R R,
I3 ) R B 6 B -LC/MS 3 AR 144451 | 1 by 25k 5 [ i
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& (radical directed dissociation, RDD)/Al} % i% 5 (colli-
sion induced dissociation, CID) $7 M4V B -7 i 15 Ji
i (ion mobility mass spectrometry, IMMS) 7 A48,
Horfr, IMMS & — R B 4 B it s R . 5 LC-
Q-TOF X 22 Al Lk, LC-Q-IM-TOF [ = AN 40 b 4E B (1
B IR A) L 5T A EE AR I R]) AH 45 G AT DLSE A b LR R
PEHL %5 58 H bRtk &4, 15 I HE B 3 B8 150 55 44 44 1) 30
BCEAG A R B ey B AR 2R 0T B 1, IR 4R S e L DR

TE R REE.
4 5E

FE TP A I T v A T T U 2 R 4
BT A 2 — o T 45 & FEARI  F HE Z E R
AT AT DA SR AG T B IR A I T A7 8 1 2 2 TR X Ak 4
A, AR 4 AR e AR B R AR R A R R T
P ROy, 7 3 HH 0 B (1) 7 T K A xS B SE B T
JE R 2 5 R & 5 e e A SO TR IR 1 43
W SRS AT IR, 456 Z KA R BRI 7%, 42k T H
BB 52 H BT R B % 4 AR 3R AT - PR U 1R 20 AT 1 e
Mo GC-MS B A il & 7 B F PRS0 1R 14 i, R
P 8, MDGC 5 r Ji 3 | B B R34, (B 7 45
Gk @R T EER, HAEF AT RIEE
B, W] B KA AN EAk; LC-MS Tk fT A 4k 5 v e T
YRRV Z, BT AR R,
&M TR B B8R A1 i 16 4> #r; CE-MS Al MCE-
MS 1 Ay R BT R, 1 4 B S T 2 B 1R K
ZIKEI M, B E A PR R PR s
IMREEAR s, (AR TR R GEAS A 1 1 8, BRI T 43 B8
P 5 REGEE— D4

B 5 A 22 TR 29 0 A 0 B 1 A0 H & B H,
Jo R A A 1k H AT 2 S s T s R I IR
BRNAG R T KAEHEN A T IEYER b 1%, I
ShG R O BARE R R AT S E IR R E . 4
B PR B A T M R TR R 0 T A 2 R B 11 e B
JE T HERN . DRI, ek b 7K A I R R R R il O RN AT
WEAC IR TP B2 151 29 5 2805 R S T R, e 1) 0
SN 2 I 24 40 a2 TR X AR 3 BT Tk R R T T
FIA, FERIFARAC IS BT 51, AR T 25 & 58 L B B
() g ], B R T 48 A T7 R il L2 %
TF, W Eh 25T K 78 4y AR A S R IR TR
ELS, AT H Z KA et S E ARG E
KXo
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