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[ Abstract] Objective: Insulin degludec and insulin detemir are the third generation of insulin analogues
that are chemically modified on long chain aliphatic acid. It is necessary to establish a specific and sensitive liquid
chromatography-tandem mass spectrometry method for the determination of amino acid sequences of chemically mod-
ified insulin analogues. Methods: The separation was achieved by an ACQUITY UPLC peptide BEH C,; column
(100 mm x2.1 mm, 1.7 pm,300 A) with a mobile phase of 0. 1% FA/H,0 as Solvent A and 0. 1% FA/acetoni-

trile as Solvent B in a gradient mode. The flow rate was set at 0.3 mL-min .

MS® was used as the detection mode
of mass spectrometry, and the collision energy was 30 ~40 eV. Results; The coverage rate of insulin degludec and
insulin detemir sequences was good as expected, and the fragment ion yl & was detected by chemical modification.
RSD% of ionic strength of medium and high strength ions was within 15% . Both insulin sequences can be effec-
tively distinguished it from other unmodified ones. Conclusion: A liquid mass spectrometry method for amino acid
sequences of adipose-side chain modified insulin analogs with good repeatability, specificity and durability was es-

tablished, providing reference for the research method of sequence structure of this kind of products.
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Z. i (Fisher Scientific 2 &) ) ; H g ( Fisher Sci-
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ff: ACQUITY UPLC peptide BEH C,, f0,75%4% (100 mm x
2.1 mm,300 A,1.7 pm) s FENH A 2y 0. 1% H R/ K
VWL, shAH B R 0. 1% W R/ G % W, 16 BE Uk It
(0~8 min,3% ~60% B;8 ~8.5 min,60% ~95% B;
8.5~10.5 min,95% B;10.5 ~ 11 min,95% ~ 3% B;
11 ~15 min,3% B) ,0 ~3 min, 10 ~ 15 min A] Y F F
Vs P 0.3 mLemin ' HE 50 C 5 HEREAREL 10 plL,
[T i A% A5 WP Bk A &% 4 Waters UPLC I-
Class/synapt G2-S Q TOF ; 52 A} % 1F ( LockSpray ) : 4%
K2 -k ME K (leucine ~ 5-enkephalin, LE, 200 pg -
wL™') BT A S B TR (EST) AL A
50.0 L-h ™" R BB T S R 4L
JE:40.0 V953G Hl : 50 ~2 000 Da; 58 8 7)1t . 4
MLy MS 5 7 50 90 5 G A XSy MIS™ il 4t fE 2
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0. 1% WL ¥ W, B EZ BE M (O ~ 3 min,3% B33 ~
50 min,3% ~ 60% B;50 ~50.1 min,60% ~95% B;
50.1 ~ 53 min,95% B;53.00 ~53. 1 min 95% ~3% B;
53.1~63 min,3% B). ¥i# 0.3 mL-min"'; 4 E
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Amino acids confirmed by N-terminal fragmentation are overlined.
Amino acids confirmed by C-terminal fragmentation are underlined.
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Amino acids confirmed by N-terminal fragmentation are overlined.
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Amino acids confirmed by C-terminal fragmentation are underlined.
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Amino acids confirmed by N-terminal fragmentation are overlined.
Amino acids confirmed by C-terminal fragmentation are underlined.
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R TEATI L RN n=6
AFEHR BT B 1 T
[y
yl b2 8 2& b27 bl14
BT 2 997 405 1 986 430 1917 731 9 983 323 3101 708 3 151 635
2 987 431 1 996 963 1832 672 10 266 554 2 888 276 3210 192
2 995 293 1974 328 1817 784 9 668 760 2 613 344 3 106 059
3 021 037 1990 216 1853 122 10 161 348 3010 045 3 138 666
2 940 239 1 922 890 1770 397 9 453 610 2 635 236 2 929 644
2 807 771 1 854 885 1 604 514 9 283 189 2421 633 2772 752
S35 S - 2 958 196 1 954 285 1799 370 9 802 797 2 778 374 3051 491
RSD/% 2.65 2.84 5.94 4.04 9.46 5.45
T2 MRS M AR n=6
AR BT B BERE BT
WHET
vyl b2 8 2& b27 bl14
BT 2 043 585 1318919 1260 276 24 952 894 9117 184 5419 719
2 084 551 1 340 232 1 245 458 24 911 592 9 085 160 5358 277
2079 614 1 324 684 1241 827 24 654 486 8 808 867 4897 194
2 063 135 1324 189 1 246 790 24 962 462 9 073 871 5 415 558
1 995 461 1278 424 1195 261 24 093 982 8 812 675 5225 782
1 886 154 1218 968 1 140 647 23 154 180 8 301 195 4 602 796
B R 2025417 1 300 903 1221 710 24 454 933 8 866 492 5153 221
RSD/ % 3.73 3.47 3.73 2.94 3.49 6.47
2.3.3 LEt FHEEMNO0. 1% FEKE, %= H AR R AR 3.3 17 R, SRS &

VERITETEAT P 2 MR R 3R A BEFN B & M 0
BT T, B F S ER , A GEF B BE— 2%
Jo e K 205 B AE — B, AR R E O IR R
B Fofth 4 Fp B 8 2K (WL 3) [A] 3. 2. 27 Wi R A BTy

Bl R R A 3R A B A B 7 ke AT AR R B R A
I B G 1751 JC Ik [A) f DR T, — R R A — B (4
e 6 TR IR B R 0 g R ) L IE i T &
JE e R

3 AFBEHREAGEMBEMNHR R ERER (M+H] "
BERLAK M43 {&/Da S {H/Da 22 /ppm || K R A4 B M F4-{H/Da B3/ Da {22/ ppm
BmABEE A:2383.0143 A.2383.007 3 2.9 g R 0 = A.2383.0157 A:2 383.007 3 3.5
B:3724.914 5 B: 3 724.890 6 6.4 B.3428.7153 B.3 428.691 9 6.8
R RS R A:2383.013 1 A2 383.007 3 2.4 RES IS A:2 383.017 5 A2 383.007 3 4.3
B:3 537.863 8 B:3537.842 5 6.0 B:3 446.690 5 B:3 446.666 0 7.1
EEEUNEE A:2 383.016 7 A:2 383.007 3 3.9 ERHYES A:2325.9912 A:2325.9858 2.3
B:3428.717 6 B:.3 428.691 9 7.5 B.3 740.920 0 B.3 740.894 1 6.9
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Component name: A1+H"
Fragment label: A:1

{ bMax

—cc — < — i T———— { M
: 12325.9899
le7
g
i
g
E 5e6f P :
N o Croor 12147,9481 |
b y 989«019 Lo A T S R I S S
1711134 b 4561540 6982792 3263331 . S 1337587"'15006501 | 17417906 | 19343322 o
0 L A R IR A e R L S S R ‘
0100 200 300 300 500 600 700 800 900 1000 1100 1200 1300 1 400 1500 1600 1700 18001900 2 0002 100 2 200 2 300
B FrE¥/Da
Component name: B:1+H"
Fragment label: B:1
3e8} ‘ 5 3740,9186
ot 28] 5
o |
2 E
= le8F T ‘ o
Lo T 1‘5‘35'745 1816933$ | Lo | 34947755
1754186 |1 | 6574140 naastao] | ] 7 2093,‘989’3 24062466 26183985 32526712 L
0 L o . B0 bt lin b ' "‘5 N J ’7” e

200 400 600 800

1 000 1200 1400 1 600 1800 2000 2 200 2400 2 600 2 800 3 000 3 200 3 400 3 600

&% /Da

AHR S R A BETE T B 15 B HORT B 3% B BERE A 25 1
6 HOR IR & R A T

2.3.4 TMHAMEELE CKGEERE S BMAE 20 ~ 40
30 ~50 ev, HoAth 25 R F “3.3. 17 R, fEA RS
FEEHMAFRRS R A B B A - R EHE RN
100% ,— 9% o 5 £ {25 15 < 10 ppm, — 9% B 35 61
>85% (ULF& 4) , B &R W 4% 2 7 0 B8 F yl&
BRI 2R IIZ O T P R A

3 EREBYILERSEEILE

FEIR3.2. 37 TN 7 ik, X A B I 2R 0 MR
BERMIEITIA R R V8 BT KR, RE T
IR “3.3.27 EF XU S 0 RR Bk AT 4 e, MR 9 K Bt
FFHNMERZ IR T 5. EA SR 6 S &
BIAKEE, A BE 3 4% ,B BE 3 45 M RRIR B A 7 AR

BRI IRB, A BE3 %, B 554 Sk, Hob NYCN JikBt
4 RASTHERES G E A BRI B RE g0 R X%ﬁ’i@%&%%,l‘ﬁ/ﬁuﬂmﬁﬁmﬁ ¢t 297 1. 61 min,
Eyr—r S IR BEY ST 0 0 P AR by B TR S
e AR E rTTT— 6,3 R 9 AT V) B 1T 2 3 A4 I 3 A
20 ~40 ev A% 96.2% B 4%:89.6% A %#:96.2% B 5£:93.1% iﬂ*#ﬂ%%?ﬁﬁ@ﬁr? IJ %E%E& RGFFYTPK E(] yl&
30 ~50 ev Af#:96.2% B5E:96.6% A ££:96.2% B 4% :100% M}#%¥‘Tﬁﬁﬁ[{ B !Eﬂ; G jﬁ%ﬁ%@& K E/J,ﬂk/fﬁi,f‘l‘““o /f‘%
A3 I 5 2R AR I 2 3R SR B YD S Y TIC &I DLIAL 7
RS EAR R I RGBT K
, - w/ Wi BEEE by E
(oA 210 f# k51 s i o 1/min )
W mig B %/ T
1 A:V3&:carbamidomethyl C [3] +H* A NYCN carbamidomethyl C [3] 570.197 8 570.197 7 1 0.2 1.61 4
2 A:VI+H™ A GIVE — 417.233 7 417.234 4 1 -1.6 7.30 4
3 B:V1&:carbamidomethyl C [7] +H* B FVNQHLCGSHLVE carbamidomethyl C [7] 770.374 4 770.372 3 2 2.8 12.99 18
4 B.V2&:carbamidomethyl C [6] +H * B ALYLVCGE carbamidomethyl C [6] 924.4505 924.449 5 1 1 16.36 13
5 A:V2&:carbamidomethyl C (3) A QCCTSICSLYQLE carbamidomethyl C 831.3548 831.3520 2 3.4 18.90 19
[237]+H* (3)[237]
6 1:V3&:degu-K [8] +H* B RGFFYTPK degu-K [8] 706.896 3 706.894 8 2 2 31.2 10

<4
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R 6 MR IBR B 2K U D) S K 1A K ah

) m/z CIR s e b/y ¥
e B B KB e i e : : vmin
S it ¥ %/ppm TR
1 A:V3&:carbamidomethyl C [3] +H* A NYCN carbamidomethyl C [3] 570.197 6 570.197 7 1 -0.1 1.61 4
2 A:VI +H + A GIVE — 417.233 4 417.234 4 1 -2.4 7.26 4
3 B:V1&:carbamidomethyl C [7] +H* B FVNQHLCGSHLVE  carbamidomethyl C [7] 770.3751 770.372 3 2 3.6 12.97 16
4 B.V2&:carbamidomethyl C [6] +H * B ALYLVCGE carbamidomethyl C [6] 924.450 6 924.449 5 1 1.1 16.30 11
5 A:V2&:carbamidomethyl C (3) A QCCTSICSLYQLE carbamidomethyl C 831.3553 831.3520 2 4 18.20 20
[237]+H" (3) [237]
7 B: V1-3&: carbamidomethyl C (2) B FVNQHLCG- carbamidomethyl C (2) 913.733 8 913.726 8 4 7.7 37.17 30
[7,19], dite-K [29] +H * SHLVEALYL- [7,19] ,dite-K[29]
VCGERGFFYTPK
8  B:V2-B:V3&:dite-K [8] +H* B RGFFYTPK dite-K [8] 613.3722 613.370 8 2 2.3 39.68 9
A B
25.06
25.15
s L8 VB
1.5x10f ves 2x10
1x108} 3
12.98 1.5x10%F
6
) 7.5%107F 3117 i
= 5 o
e 2 Ix10%F
= 4 =
= Sx107F =
24.84
2 Sx107F
2.5X10°F ] 7.20 19.99
12.04 A
ok M 4'04, |9.44I v \‘1‘1:@1 6.69 J‘ 2210 IKZS 0023_:53 31I.54 l .

0 5 10 15 20 25 30 35
t/min

& 7

5] it

TR I 15 2R R M R 5 3RO A 2 8 A B B
eSS VL7 N S S C PN IS UE- 8 3952
I ELAT B DR G, Edman B A 3% 2 A B
1 R BN = HE TRy 90 I 5 04 A% 5207 0k % T
EANRESEE N i F DA A A f) 155 0, L3R A BB
RE AR % TTE — BRI N g 15 A2
BRI AR L R AR WU B AL, A R R A
Yy A BEFI B BERY N R 15 DESERE —, &
JE AR 25 , L TC k2 T A 1B B 2R3 R IR 5 3R 10
Ji F7 TR A W ) R A L o B TR B R B K R
S R A B AR 4R, Al RUM A LC-MS/MS £
AR HEAT B HE TR Y 51 I 7 FVG A 57 56 14 2 A

AT G I X6 2 A N 5 T A0 e 1 s 7 114 R
By AW B by HEAT T B 00 a4 SRR B R A L

0 5 10 15 20 25 30 35 40
t/min

TEAT IR 3R (A) AR 15 2% (B) ik ISRV 1 TIC &1

TR A SRS, XA il 2R 4T 3 AR B, 235 X A i R
B 34T 7 50 0 5 i Ak 3R 0y 1 A AL T 22 i Sck
HRIE WT7IE , B AR TR 26 1 1 o JeU ik PR (R 1 4%
TFT BN E 5 A, v PR ObE S L P 5 A
AbTR) 28 i R A AR A B R A M A
A, vyl & B Al LU Wy 2 A4S B8 3R 9 s i
P M B A WA A2 0 (Lys ) o B b 2 8 i 28 1) 4 3k
Jig &5 2R S RN 1 O 4 0 R T AR A R
o b/y B TR0 R SIS AR A5 1, 5 TR s 6 18
Tt 8 A R 0 2R AT L, mT 2% 0 8 A o i RE A7 B
FETRMRGE N, fd ERELE hE
B TR LI e R S A P R S ik
THERA R R R L R R A A
I HLAb BEAT 1 3 Dl U 64 7 500 0 4 A i

AW ST 7 35 AT R b AR G R R 24 )
2020 4 filt =B MR & 3R S R DL RO A8 TR

r
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19 N A i B RR 7 91 43 A 75 5K, HLAS Bk 09 4k 24 18 A
B JBR B2 2R AL 1 e 9 00 5 7 i, AT AR T
149 7 51) 45 A6y 4 BIF 9 7 1k 4t At 1 2 AR LI
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