Y@ RP RS rm

Journal of China Pharmaceutical University 2022,53(5):591 — 598 591

R HE B G- U B A = E ST AR Chi-14 SRR B KM ot

= 1 1 e J;Tl 2 2 N \l o 1*
BB AR TR LBEE L ARA L MAR LR &
(P EZARIR A 2554 B, B At 2111985 [E25RF R A Bk 5 HOR B, F 5T 211198)

M E ZKRCH-142 W 4N RARARGIHERE K, KIALAG BN & B8R AR & -8 7 F B B T 10-wARAF CAT B
o) 8 5% i ## (LC-ESI-QTOF/MS ) #| 7 #% , Agilent ZORBAX SB-Phenyl(150 mm X 4. 6 mm, 3. 5 um) &% 4, ¥4 T -20 mmol/L
VB K 7 (F BRI pH 4 3. 0) Ak S AR S AT H E 2R, 2T Ch- 14 B IR PR 2R BATT 2 B AT, AL
MEHT,Chf-14 A EH £ WMo B AT, am 57 & Ch-14 BIZ R L B4 B M XIHE B P UATE A XH R, LFS
ANAER A FE T ERR NN DG = 0, 00 T A KD eg kB A % Ikh A e 2 b, h LA = T EMRA B St
Fa R BIERRAET A HRIE,
FEE HEMCb-14 58 XM B M E T kA0 & 15 s IR A
FESES RI17  XEIRESE A XEHS 1000 -5048(2022)05 -0591 -08

doi: 10. 11665/j. issn. 1000 =5048. 20220509

S| AR E W6, A5, T4, F A k- ik A 5 2 3R H Ak Chi-14 B I 09 A £ R[], ' B 25 A1 X 5 54k ,2022,53(5) : 591
- 598.

Cite this article as: HUO Yitong, XU Kehui, LU Yuting, et al. Identification of the related substances of antimicrobial peptide Chf-14 gel by
LC-MS[J].J China Pharm Univ,2022,53(5):591 - 598.

Identification of the related substances of antimicrobial peptide Cbf-14 gel
by LC-MS
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Abstract Cbf-14 is a novel antimicrobial peptide composed of 14 amino acids. An optimized reversed phase
high-performance liquid chromatographic method with electrospray-ionization quadrupole time-of-flight mass
spectrometer (LC-ESI-QTOF/MS) method was developed for separation, identification and characterization of
structurally related peptide impurities in Chf-14 gel. Chromatographic separation was carried out on an Agilent
ZORBAX SB-Phenyl column (150 mm X 4.6 mm, 3.5 wm), with acetonitrile-20 mmol/L. ammonium formate
buffer (adjusted to pH 3. 0 with formic acid) as eluent using gradient elution. Under the established conditions,
Cbf-14 and its structurally related peptide impurities were well separated; and a total of 24 impurities were
detected and identified, of which 5 were impurities in the preparation manufacturing process and 19 were
stressed products. Based on high resolution mass spectrometry analysis, the origins and formation mechanisms of
these impurities were located. The obtained results are useful for the establishment of the manufacturing process,
storage condition and quality control of Cbf-14 gel.
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RETEE, BTG Rl . 2Ry nfaett—
B A 2 Ry Ia) 8, Frp i A7 G ) o Rl R A
AN RN EE Z A I Chf-14 B i A A =it
R R 2 BT A oY 2O E

A B 5 R WA 8 1 - 5 A B R 3 (LC-
HRMS) B FHE A, 43 25 T4 58 Chf- 1438 118 /%) ik
A WL, FL e 5 AN A = T 2% A 19
AN R R PR, LA L 24 A2 B4 R L SCHRARGE .
SO R T R B T A 4> R AT R A
BT, A 5 1) B T DA 2 5 A ke I RTIE R HIL
il , > Chf-14 %8 J52 v (9 4 5G4 Joa A s T o 42 7l
AT S HKIE

1 # #

1.1 a5 A

PUIRE K Chf-14 BETR VR T #3 (LHEE>99% , R 5% 42
1o B A= W) BH A R 28 |, i 5 0 C660QFK300-1/
20110501-DGO1) , H il B2 4k 2% ( B ff e T
WA BRAR) s s R (AR 9, mg 5 b2k
KA FRAFD) 3 20 (HPLC 9% , 7l [ Bk v A ) ) 5 2%
B K (B s 4ligoK ) .
1.2 B %

£ HE LCMS-9030 PUBAT AT H] BT 3% Y | Lab-
Solutions ZUHEAL BE R 45 ( H AR B A 7)) 5 BS21S 43
B K- (78[5 Sartorius 23 7] ) o

2 F &

2.1 mABEELMN

Agilent Zorbax SB-Phenyl {0 7% A (150 mm X
4.6 mm,3.5 pm) ; Ji S A A 20 mmol/L H iR £
P P RRYE T pH 2= 3. 0), BAI N O N, 4tk

B PEVENE (A:B) :0 min(95:5)—30 min(80:20)—
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2.2 FiEEM%

{53 43 HE Q-TOF/MS il 22 , Nal 1% % (400 wg/ml.)
HER BT A IE . FE S IE 51k, Wi 4. 0k V,
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2.3 HohBeH

Chf-14 BERE : #F Cbf-14 B R R 183 20 mg A H
T 100 mg %5 1 T JC 18 4115 7K 860 mg 1, 7T 43R4
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A3 M AR B R B A B YRR LS A S A TR ik
JEE ) TR B YR H R v e T AR o R R s R R
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Figure 1 Total ion chromatograms of Chf-14 gel and its stressed test solutions

a: Acid; b: Alkaline; C:Oxidation; D:Pyrolysis; e: Photolysis; f: Cbf-14 gel; g: Chf-14 API; h: Blank gel; i:0. 5% Reference

3.2  Cbf-14 Ji & 2L i HLIE
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1. Cbf-14 [ M + 3H > 85 1 0 A5 i o 12 B0 m/z
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U, ESI(+)-QTOF-MS FEFEELH 5 AN [a] A A X
PR, g S N AR 19 ~ 23, HEI DL E SR8 T
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Table 1 Related substances in Chf-14 gel identified by LC-QTOF/MS
Impurity No. Abbreviated name m/z Ton Formula Diff.(x10°) Sequence Origins
1 Chf-14(1-5) 3432452 [M+2HP"  C,H,N,,0, -0.058 RLLRK Dr
2 Chf-14(7-14) 5033318  [M+2H* C,HN,,0, -0.397 FRKLKKSV Dr
3 Cbf-14(1-4) 557.3873  [M+H|"  C,H,N,0, -1.471 RLLR Dr
4 Cht-14(4-14) 7189639  [M+2H C,H,,N, 0,  -0431 RKFFRKLKKSV Dr
5 Chf-14(1-3) 4012865 [M+H|"  CH,NO, -1.271 RLL Dr
6 Cbf-14(5-14) 6409134  [M+2H* C,H N0, -0421 KFFRKLKKSV Dr
7 Cht-14(1-6) 4167795  [M+2H  C,H,N,;0, 0.384 RLLRKFF Dr
Chf-14(6-14) 576.8659  [M+2HP*  C,H,N,0,, -0.468 FFRKLKKSV Dr
9 Cbf-14(3-14) 517.3399  [M+3HP" C,H,N,0,  -0.019 LRKFFRKLKKSV Dr
10 Chf-14(1-12) 545.0357  [M+3HP"  CH,,,N,0,, 1.651 RLLRKFFRKLKK Dr
11 Cht-14(1-13) 574.0458  [M+3HP*  CgH N, 0.505 RLLRKFFRKLKKS Dr
12 Cbf-14 isomer 1 607.0682  [M+3HF* CgHN,0,  -0.181 RLLRKFFRKLKKSV Dr
13 Cbf-14 isomer 2 607.068 8  [M+3HP"  CuHN,,0, 0.774 RLLRKFFRKLKKSV Dr
14 Cbf-14 isomer 3 607.068 8  [M+3HP*  CyHN,,0, 0.774 RLLRKFFRKLKKSV Dr
API Cbf-14 607.0688  [M+3H" CiH,,N,,0, 0.774 RLLRKFFRKLKKSV -
15 Cbf-14(1-8) 568364 1  [M+2HP  C,,H,N,0, -0.106 RLLRKFFR Dr
16 Cbf-14 isomer 4 607.0672  [M+3HP* C H,N,0, -1796 RLLRKFFRKLKKSV Dr
17 Chf-14(2-14) 555.0345  [M+3HP* CyH,N,,0,,  —0.144 LLRKFFRKLKKSV Dr
18 Cbf-14(1-10) 688.9535 [M+2H C.H,,N,0,  -0232 RLLRKFFRKL Dr
HZNYNH
HN
19 N’-methylene-Chf-14 611.0676 [M+3H]" CgH, N0, -1173 Pr
H,Cs ¢ -~
0
HZNYNH
HN
20 N’-ethylidene-Chf-14 6157394  [M+3H]" Cg,H N0,  -1.169 Pr
|
e SN e
0
HZNYNH
HN
21 N’-(2-hydroxyethylidene)-Cbf-14  621.0710  [M+3H" C,H,,N,;0,,  -1.270 Pr
HO _~ N 9,.:-
0
HZN\(NH
HN
22 N’-(3-hydroxypropylidene)-Chf-14 ~ 625.7430  [M +3HJ** CgH,,N,,0,, -1.183 Pr
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( Continued )

Impurity No. Abbreviated name m/z Ton Formula Diff.(x10°) Sequence Origins
HZNYNH
R HN
N*-(2,3-dihydroxypropylidene)-
. yaoRypIoRy 6310751 [M+3HF" C H N0,  —-0.381 Pr
HO SN
OH (6]
HZN\KNH
HN
24 [1-AIMAOPA]Cbf-14 606.7236  [M +3H[" CgH N260, -1.302 Dr
o e
O

Pr: Process related substance; Dr: Degradation related substance; AIMAOPA: 5-[(Aminoiminomethyl)amino]-2-oxopentanoic acid
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Figure 2 Product mass spectra of Cbf-14 gel and impurities 19-24

A: Cbf-14 (m/z 607. 068 8); B: Impurity 19 (m/z 611. 067 4); C: Impurity 20 (m/z 615. 739 4); D: Impurity 21 (m/z 621. 071 0); E: Impurity 22 (m/z

625. 743 0); F: Impurity 23 (m/z 631. 074 3); G: Impurity 24 (m/z 606. 723 6)

3.3.1 —Rn#EHAEBAT RSP QTOF/
MS 22 45 6 590 Jo BB 15 F - 85 F B AR 43
TR AT E A, I 5 Chf-14 5 % R AE 47
X HCAT BT, S 08 4% R B SR R S5 . A%
19 ~ 23 [ — 2ok R LI 3, B i AV R L3R 1.
T — TSR B SR OE 10 MR [ & 4
B, H,611.067 2.615.739 5.621.070 9.

625.7430.631.074 3 5[M + 3H *"F,916. 100 8,
923.1092.931. 106 4,938. 114 5.946. 111 4 JHH)
BLM + 2H 51

ESI(+)-QTOF-MS Ml 154257 19[ M+3H " 1) m/z
J611.067 2, 543 F 3 CuH, 5, N, 0, AR, HiAH X}
43 F R A 1 830. 183 2, 5 Chf-14 M Lt , HARXT 43
FRRREEN 12, 5 Ch-14 3 F 458 h 5| A —
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Figure 3 Mass spectrum of impurities 19-23 in Chf-14 gel

H 3L (CH,=) AR .

ESI(+)-QTOF-MS M5 2% 5t 20[M + 3H ") m/z
9 615.739 5, 553 T2 CyH 55N, 0, A7, HiAHXT
A3 F A 1 844. 198 9, 5 Chf-14 4 Lt , HAHXT 4
F RN 26, 5 Chi-14 43 F 258 5] A —A4~ 11
ZH(CH,CH=)HH)¥ .

ESI(+)-QTOF-MS 154457 21[ M + 3H | ) m/z
621,070 9, 543 F 3K CyH 5N, O, A, HAR X
A3 F R 1 860. 193 8, 5245 20 A7 e, HAR X 43
FRTEI I 16, 545 20 4> T 45 h o] A — 14
(O)FHR

ESI(+)-QTOF-MS |45 2% 57 22[ M + 3H |** ) m/z
7 625.743 0, 543 F 320 CeH 55N, 0, A1 R, AR X
AP 1 874. 209 4, 5 7% 5 21 AH H , HAR 43
TR 14, 5225 21 53 F 458 h 5] A —
H 5L (-CH,-) AH N

Esﬂ+)(nrm‘Msquﬂ< 23[M+3H " 1Y m/z
631,074 3, 5431 3K CooH 5N, O FH I, HAR X
ArF IR 1 .890. 204 3, 5745 22 4 Lt , HARXT 4
FRTEI N 16, 545 22 4> F 45 h o] A — 14
(O)FHRY

Chf-14 1) 53 F 45 A7 8 MA ke , Horb Ay 34
K ARG @RI 44k A AR AR 11k AN
B LR . 20T 19 ~ 23 1Y MS/MS T B AR AL
A m/z 1280. 816 9.948. 611 0 F11832. 046 4, Hi
m/z 1280.816 9 ([ C,H,,N,,0,,]") & KFFRKLKKSV
FER BT, m/z948. 611 0([C . H,4N,,0,]) N FFRKLKK
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3.3.2 MR MERZEE ZRIF19~230)
MS/MS 2% JF 1% 1 WL 2-b ~ 8] 2-f, Fe 4 e 1 58
R BEE T - i T Chf-14 & 5 8 Z R AU &
MR, 2t 19 ~ 23 78 WAt o) T Rk bk
W R & [NH,] K[ NH=C (NH,), ] FIUK; % IR 5% %&
[C,NH ] ZJ519 ~ 2338 5 T F K C Uiy Val 5%
FLFN Ser-Val B 5L o X F V- (3-32 FL W 4L ) -Cbf-
14 FIN-(2,3- " F2 3L W N 5L ) -Chf-14, i T HA Ui
B RLSH, —HEW TR B TR P
BEAN , N-(2, 3-8 FE 0 N 3L ) -Chf-14 (1) N it A 22
i AR b A7 e vT 2oy - B B AU % BT
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[CH,(OH)CH(OH)CH,NH, ] 7= A= FRAERE H B 1 m/z
600. 720 1([CyH 4Ny 0,17, i — 25 F 1 ik
T g [NH=C=NH] = £ FF fiE ¥ 7 B + m/z
586. 712 8 ([ CysH, N, O I7) , N>-(3- 32 L PN 3 ) -
Chf-14 5A7 L iR AH R A9 R
3.4 Cbf-14 Bt b M fif = o LM S 2

FE Chf-14 B i 558 ] 5 A 00 ik 258 1
TI9ONMAEXRY . HrpZi1~11.15.17.18 4
Chf-14 /K fi#t P24, 2% i 12 ~ 14 .16 4 Cbf-14 5
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Z=F 1 ~ 11,1517 18 J& Chf-14 7E R uk A Ak 55
PN RS K A T = AR Y o AR R T S BT L 4
J5i 1 & Chf-14(1-5) , 445 2 /& Cbf-14(7-14) , 24 i 3
S Cbf-14(1-4) , 2% Jfi 4 /& Cbf-14(4-14) , 24 Jfi 5 &
Cbf-14(1-3) , 2% Jfi 6 J& Cbf-14(5-14) , Z Jii 7 J& Cbf-
14(1-6) , 24 J5i 8 J& Cbf-14(6-14) , 245 9 & Cbf-14
(3-14) , 2= JF 10 /& Cbhf-14(1-12) , 2 Jfi 11 /& Chf-14
(1-13) , 2% JFi 15 J& Cbf-14(1-8) , Z% fi 17 J& Cbf-14
(2-14),24J5 18 & Cbf-14(1-10) .

ZRJF 12 ~ 14 .16 & Cbf-14 Y [7] /3 Sk ik . —
Mk vt , 2 IR o T AE ARV 2 ARG H LRI
FEALAIL I = 24 LUT AR SR - 1 4220 st Ak R
WA TR (U2 AT ) B9 I, B TS e £ 1% 9 g
BB

2= i 24 (m/z 606.723 6, z = 3) HE %5 K[ 1-
AIMAOPA | Cbf-14, J& Cbf-14 &AL =9 . HO- J&
Ak w o A A AR, 78 o U 42 )8 i 1K (Y Fenton B
Udenfriend 2 W 55 18 B 78 S50 A2 o A0 7 A 1Y
HO- %84k, B4 R AR I -k I, B AT I
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1) -l b o AR B o8 3L S SE TR IR SLAR 2 5 4%
fif, o B AR AR B M O e
M T 4% )5t 24 5 APUAHXS 3 F B s AH 25 1, A5G HAw
R {7 R Chf-14 S5 FFAF , 350 2% )5t 24 4y Ch-14
N 3t Ui 25 2 3L 1Y o-C b R AR AR T A9 1Y a- FE BE 2
FERR IG5 1 3 F e B 2, 7 AR 2- AR R
TE AL U 4
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