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Abstract: An ultra high performance liquid chromatography diode array detector ( DAD) coupled with hybrid
quadrupole orbitrap mass spectrometry method was developed for bacitracin components analysis. The UHPLC
separation was carried out on a Phenomenon C (100 mm x3.0 mm,2.6 wm) by gradient elution with a mobile
phase consisting of 0. 1% formic acid aqueous solutionand 0. 1% formic acid meoh acetonitrile(75 +25) solution

at a flow rate of 0.3 mL/min. The. detection wavelength was set at 254 nm. The analysis for bacitracin components
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were performed with the parent ions and the daughter ions, then estimated their structures. Good resolution of

bacitracin components were achieved. Nine bacitracin components were separated and detected. The relative

deviation of normalization method by DAD and mass spectrometry was between 0. 01% and 3. 53%. The

established method was effective for the separation and identification of peptide drugs such as bacitracin

components and the results were useful for its quality control and process optimization.

Key words; bacitracin components; peptide drugs; ultra high performance liquid chromatography diode array

detector(DAD) coupled with hybrid quadrupole orbitrap mass spectrometry
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A AR RAE 259 o0 Bk o vh 45 1 25 B0 4R
FH A6 25 %) 3 it 0T 9 400 88 A B Ok B 2 1 B
FAURTBT AR S ST R RO R - A
G — HRR PO AT — F v 3 0T B v 23 P B3 43 B
FERR A B 2H 53, 4% 8 20 B B 3 1) 00 34 e f s D0
FRHT TR IR AS 21 A B o Aoy L, A R A L 7 T &R
A, IFREIX 2302 A S vh o e B T 1 e o A At
T ALY B TS R R I 25 T LS 22 5 A Y
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1 #MR5FEZE

1.1 L& K75  Dionex Ultimate 3000 diode
array detector ( DAD) — Q Exactive, Xcalibur 2. 2 4§
Peab B R 45 ( 3¢ [E Thermo Scientific 2% A ) , Mass
Frontier# {4 ( 26 [ Thermo Scientific 23 7)

FFBE K AR o 4} B8 5 Dr. Ehrenstorfer Gmbh, #it
51991436, i 81. 9% ; AT R AR AL, S 1 -
SAM - 144 -1, ZJiF W IR (aikal) , K R 2k
(Milli - Q f¥H145) .

1.2 VEEH KSR FRIBUR TR IR T X R B At
I 10 mg, 5351 50 mL BR AT, K
IR ZIE .

1.3 7 %

1.3.1 &i5&H (A% Phenomenex C,g100 mm x
2.1 mm, Fif8 2.6 wm WA 0. 1% B R HE W
(A) -0.1% HERRHBECNE (75 +25) B (B) ; It
0.3 mL/min, R HBEVERRE T (£ 1) ; HiR
30 °C, #EFER 10 pl; S 4MR I K 254 nm,
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Tab 1 Gradient elution
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Fig 1 Bacitracin A Mass spectrum (1) and UV spectrum (2)

2.1.2 AFHAKB FREAB 55 CuH, N, 0,6S
FEAF Rk A /D —A> CH,, B FREB R R [ M +
H] "} 1408. 667, FFHIIK B A 3 AN[F5r S04k, 75
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470. 25171 Y101 - 0 e iy BT o ) DL 2, B
WER B 7A 110. 07112 ,199. 08996 . 227. 08487 .
356. 12747 .869. 46821 852. 43626,

2.1.3 HFRAKC FFHEIK C 37 CyHyN,; 0,48,
FEAF R K A DA CH,, BB TRE B TR S [( M +
H]* K 1394. 72492 [ M + 2H ]** 697. 86610 #i
[M+3H]°%465.57982, HiHt [ M + 3H 1°* 7E Jit i
FR w1 i 5, DL IR 3. AR IR C WAFAE C1.C2 F
C3 = AR 43 S A A O) B8 sF 1] 4353 4 6. 91 min
10. 11 min F111.68 min, LI 3, FEEHERFE TH
110. 07112, 199. 08996 . 227. 08487 . 356. 12747 .
400. 16155 .838. 42061 ,
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Fig 2 Bacitracin B Mass spectrum (1) and UV spectrum(2)
194
100 - 465'58{5‘ 9000 3
. 3+ ju
90 3 [M+3H] 8000 3
80 3 7000 -
é 70 ; 6000 -
El = 5000 3
= 60 3 =] 3
3 4000 3
£ 50 3 E E
= 7 3000 3
£ 40 523.27936 ]
E o 2000 3
3 +. |2+ E
303 el 1000 3
20 3 E 356 388
E 697.86560 [M+H]* 0 3
10 5 -1000 3
0 3301.1408 753.85699 1395.72754 +—r—rr—r
T T T T T T T
500 1000 200 250 300 350 400
m/z wavelength (nm)

M

B3 #FERk C FikE (1) fgsMRUSLEE (2)

@

Fig 3 Bacitracin C Mass spectrum (1) and UV spectrum(2)

2.1.4 HWEKE FFHEKE 47 C,H,N,,0,S,
AT AR A D=/ CH,, bR TR BT [ M +
H]* 24 1380. 70927, [ M + 2H ]** 690. 85827 #il
[M+3H]°"460.90794 , Hori [ M + 3H ] #E i i
Ry I 7 Fe 5, BR T BERAR, SEPRAEAE A R
THR A g, W 4, EEERETA
199. 08996 .110. 07112 227. 08487 ,

2.1.5 AFRAKRF FFRKF 43 12C Co6H98 N16017S,
FRRRIIR A ZERMES5 0 T AT R A B A, N — S g e 45
A R A S WA T 25 44, T VA B A T A, (R B
AT ER P AP R FRER A B

M +H]* 4 1419.90893,[ M +2H]?*710. 35810
FI[M +3H]°"473.90783 , Horfi [ M + 2H | * #E it ik
oy R, WK S, EEBRAE A
110. 07112 214.05190 .281. 13183,

2.1.6 RMELZERICE RHAT RN 9 M
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BB, RIR AL AT R E M (3R 2) .
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Fig 4 Bacitracin E Mass spectrum(1)and UV spectrum(2)
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Fig 5 Bacitracin F Mass spectrum(1)and UV spectrum(2)
2 HERBASEER—RBEHRE
Tab 2 The characteristics of bacitracin components and parent ions
s P X v R [i/[‘+31ﬂ3+ [M‘+3H]3* w2 E{?”HJ“ [M‘+2H]2* w2 %%ﬁﬂ“l‘ﬂ
SME m/z IS m/z ppm SEIME m/z BIS(E m/z ppm /min
MR A CeHi3N;;0,6S L-Tle L-Tle CH;  474.92432  474.92359 1.5 711.88177  711.88175  0.03  20.71
FFRIAK Bl CesHiN;;0¢S L-Tle L-Tle H  470.25220 470.25171 1.0  704.87408  704.87392 0.2 12.47
FFRIL B2 CesHiN;;06S L-Val L-Tle CHy  470.25201  470.25171 0.6  704.87402  704.87392 0.1 14.29
FFRIE B3 CesHiN;;0gS L-lle L-Val CHy  470.25201  470.25171 0.6  704.87390 704.87392  0.03  19.44
FFBIAK C1 CqHgN;;06S L-Val L-Tle H  465.58005 465.57982 0.5  697.86621  697.86610 0.2 6.91
FFRIAK €2 CqHgN;;06S L-Tle L—Val H  465.58002  465.57982 0.4  697.86639  697.86610 0.4 10.11
FFRIK C3 CqHgoN;;06S L -Val L—Val CHy  465.58014  465.57982 0.7  697.86633  697.86610 0.3 11.68
FFRAKE  CeuHyN;;044S L-Val L-Val H  460.90778  460.90794 0.3  690.85828  690.85827  0.01 5.61
FFRAK P CeHogNigO,S L-Tle L-Tle CHy;  473.90765 473.90783 0.4  710.35822  710.35810 0.2  31.81
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Fig 6 General structure of bacitracin
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Fig 7 Bacitracin components extracted ion chromatogram(1) and UV spectrum(2)

Tab 3 The resaults of normalization method by

DAD and mass spectrometry

GIRELIN [ v e BRigH—  HAMEA—
i T [ ik % %/ %
A 37524469722 63605 58.23 61.74
Bl 7589916698 9635
B2 6279851571 9556 30.91 28.80
B3 6050192083 10482
A+B 57444430074 93278 89.14 90.54
Cl 1227333686 1751
c2 1156884108 1549
5.28 5.28
Cc3 1022080276 1013
C 3400090586 5437
E 192943507 / 0.30 0.21
F 486106 / / /
A5r SR 64444248343 103028 / /

3 3t g

3.1 o MeEE AT 50 mM LR
W - % 0. 1% WRR KIS - & 0. 1%
R BRI 0. 1% R EIKIER - % 0. 1%
HIR Y B — 20 (75:25) VTR =R sh AR IR & |
KIS IR S A ST AT B IR B AR G
VI o3 B AT AFIRK B fE O - L RER R
B R ORm, LR 8, Ik, vk &k
0. 1% WKW - % 0. 1% BRI HEE - L0
(75:25) WML ShARIR R |

3.2 S AmEE ATREE-FEZREIAER,
ZIRELYHE RS o A 2R, Z M SN
FUERIAFAESE 2 RIS ST i v S A — KRFALE
FRARRA L e B h R T [ M + H * 0, [RIHA A
[M+2H]*"FI[ M +3H > BYNATES 7, 1 LM +
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H * Wl s i AR 2 5 I, FFETAK A B C E
HESRIE R AL M + 3H ]+ 43155 F U A i [0 Fc
TIAFEEAR F ULALM +2H 1+ 435 B -0 A IR 10 ek
PRkt 22 LAt , DR L 25 A0 25 IR e %) ) A7 2R 06
WA —ERRAEY:, EHENEOL T, B L&A mE
Wy 1 ANELer, [ M+ H * B2 By B 5 m/z,

RT: 7.15 - 20.97
8.75

FFER RS BT 2 S r g, I S B (m +2) /2 B
[M+2H]** BBfar b, [RIREHF 3 A g A B A LA
(M +3H P 8 (m +3) /3, [R5 IR BT Lt 2
[EIRER i, IRt 3 2 AT Rl R i 22 [T Y
JEAT LA 22249 0.5 Da, 47 3 AN HLGF A R 2K 22 a1 Y
Jite; HEAHZE2 0. 33 Da,

100 —
50 -
(1) I
] 11.43
7 808 “'22***"*}\ _1L92 4435 15.03 17.83
0 L N 1 }I LY T P R Y B P N T e i .
12.52
100 —
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3 07
- 8.58 10.79 16.14 1955
0 I I | | | | | | I I I I I | | | | I |
| [ [ [ [ [ [
8 10 12 14 16 18 20
Time (min)

B8 #HEMBEFAMBERPHIERLR((1) 28K - ZRERHNBER;(2) : 2K - FRRIEER;
(3):FEEZH - FERmEBHR)
Fig 8 The seperate effect of bacitracin B by two kinds of mobile phase( (1) : Acn — Ammonium acetate;

(2) :Acn — Formic acid; (3) ;MeOH — Acn — Formic acid)

3.3 AWK BATH K C & MBir  FFEKAS
B Il C BAFFE A 4 A8 4 XFF B1 B2 B3 Hil C1,
C2.C3 BN Z% Tk &84 I HGHE , A k4
B 53 BT £ [ 43 S A AR ] i — 25 PR IE
FFER K B 25 ¥ 8 =X UL IR 6, AS TR) A FT T Ik 4143 1 X
FY A7 s SRR A TR, SR Y {7
S TR TR SR DT 2R AR S SRR BRI R, AR R 2
FERR I X A s AN]SR IX 4 7 L - Lle YRR
F869. 46821 F1852.43626 4 B1 B3 Fll C2,X i sk
4% L - Val BORE FT 855. 44716 #1 838. 42061 K
C1.C2 B2,

Aty — A=

PR RGN A A 5 — 5 A& SR o)
SR L - Leu 1 L — Glu, 3X A~ LR 2 [ 114 KA
B2 G PR YRR A 1111, 58947 F11097. 57382, L -
Glu 5 Y {3 S S R 2 [v] 1) KB 7 ik — 20 ™ A i
F982.54688 F1968. 53123 SR Y 7 S A EHE
WER, ATFHTFIX 4> BI A B2 B3, Al BT AR C #FiX
WA KB b B 24 2 )5 7= A 1097. 57382 ,1083. 55817
F1968. 53123 .954. 51558 [ E J, AT LLIX 43 €3 Al
C1.C2, JE XSS fR = A YRR AR b 256 W 4L
B e i O 3] i Bl NS i 3 s AL N B
fEMERE 7 W3R 4, 25k XL 9 (1 10 AT 11,
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Fig 9 The daughter ions of bacitracin B1 B2 and B3

(1) Bacitracin B1 Mass spectrum; (2) Bacitracin B2 Mass spectrum; (3 ) Bacitracin B3 Mass spectrum

®4 HEK B CHWESRAEFENEEERR
Tab 4 Daughter ions produced by isomers of bacitracin

B and C

Bacitracin Daughter ions

components L M N Pl P2 Q1 Q2 G H

BV - VN - - - - -

B2 -V - -V -V - - -
B3 v o- - - -V -V - -
Cl -V - -V -V - - -
2 RV A VA
c3 -V - - - - - -V VY

3.4 MWREASEFE T L AITERH
TR W S AN i R TR T A I 45 ) T O AR K
A LUIIAETCRE H B4R 13755 S AR A 1% L, i
SHMA— AL R e 1 AU — AT R B, P

PSS AR ZE1E 0.01% ~3.53% 2 [a], AT
JRAE AR B A R DN v 4 i 755 4 SO S A 25
A 7 1 T L, LA B R 0 SR R T A, A
E FlF £E5E 50 rp JLT- T ma 0, {F 2 50335 v 7 g iz 4TS
SR, (WRIMZGHLY9. 0 IR (FEE 25 )2017 4F
R e FEEZGH)40 BR R I B A AT
WK A BROEE S IFFE AR A BL B2 B3, FF 1A
JRAS 20 43 T e 7 56 35 5 T MR A
ASBIFGR ZR W () B 00 A P v OB €35 |
TR RS RS 25 55 e 3 B O A I 4 X A2 A 2
Gy IERH ) T B oy EEE G 3, AT (R ERRE
T T 4 2 PR SR, T R L
1R Ge s RLH 53 53 B A vh Bl 250 43 15 Ak T A,
I BETE LA W 20 00 45 F B R 2 52 iR 4541
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Fig 10 The daughter ions of bacitracin C1,C2 and C3

(1) Bacitracin C1 Mass spectrum; (2 ) Bacitracin C2 Mass spectrum; (3 ) Bacitracin C3 Mass spectrum
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