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[ Abstract] Objective: To identify the potential impurities generated during manufacturing of recombinant
Arg™*-GLP-1 [7-37]. Methods: After fermentation, the broth extract was analyzed by HPLC , then the main product
Arg”-GLP-1 [7-37] and impurities were separated and purified by ion exchange chromotography and preparative
HPLC respectively. The main product was treated by extreme conditions such as high temperature, acid and alkali
experiments in order to figure out how the impurities were generated. MALDI-TOF, protein sequencing and other
methods were used to identify the structures of impurities. Results; The purity of the main product reached 97.9%

after purification by anion exchange chromatography and preparation of liquid phase. Three main impurities were

isolated and purified to 91.4% , 99.2% , and 96.7% . Their MWs of [M + H] * were 1033.544 6, 2744.2397,
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and 3 112. 447 5 as determined by MALDI-TOF. Through the destructive test and the amino acid sequences of
Arg™-GLP-1 [7-37] it was speculated that the possible sequences of impurity 1, impurity 3, and impurity 9 may
be E-F-I-A-W-L-V-R, H-A-E-G-T-F-T-S-D-V-S-S-Y-L-E-G-Q-A-A-K-E-F-I-A-W, H-A-E-G-T-F-T-S-D-V-S-S-
Y-L-E-G-Q-A-A-K-E-F-I-A-W-L-V-R. Comparison of the components before and after purification showed that the
above three main impurities were generated by the fermentation process, and the contents of these impurities would
increase significantly by extreme conditions. The structure analysis and mechanism investigation of the three impurities
analyzed in this study were all published for the first time. Conclusion: Since recombinant Arg™-GLP-1 [7-37] is
unstable in high temperature, peracid and alkali, and oxidizing environments, care should be taken to avoid these
conditions in order to prevent degradation of the main product during purification. This paper shows some pitfalls to

avoid for the research of GLP-1 and its analogs peptides.
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1 E4A Arg"-GLP-1[737] &R 517
1.1 EEMAEILE (high performance liquid chro-
matography , HPLC) 3 87 5%  FrH 0. 121 ¢ Tris
V& F 100 mL {148 26 7K HEC ) i 10 mmol - L™" Tris 22
MR, PREUA TS B4 Arg™-GLP-1[7-37 ] &
5mg ¥ T 1 mL 2P A RIS T 0. 45 pm JE R,
JHT HPLC £

* H SWELL-Ultimate-XB-C4 %, %4 (250 mm x
4.6 mm,5 pm) ; FANAHKR R A AiK +0. 1%
TFA,B #H:80% &£ Jiff +0. 1% TFA; [y &6 86 JE #2EJ7 :
(0 ~10 min, B 20% ~43% ;10 ~ 20 min, B 43% ;
20 ~23 min,B 43% ~52% ;23 ~33min,B 52% ;33 ~
40 min,B 52% ~80% ;40 ~ 45 min, B 20% ) ; 3% ;
1 mLemin ™" 5 SSMGI B K : 220 nm HEIf 230 C 5k
FEH 5 plo
1.2 BFLHEEFTE KPUATEEA Ag™-
GLP-1[7-37 RIS 1 g 3% F 200 mL {9 10 mmol - ™" Tris

A

GEOPEW T S AV RIS T B s aak alidk

SR T IEURE Ay TR B 14 B B - 28 4 W) g JEUR} Dia-
mond MIX-A, B ARSI AR . (H££:2.5 cm, tF
F5:6 cm KR 30 mL) 5 i EHAH: (A AH:10 mmol - L™
Tris, pH 8.01;B #:10 mmol-L " Tris, 500 mmol-L '
NaCl,pH 8. 05) ; DL AT 44 B g 2R 057 5 47 6 B V0 B3
(B0% ,8CV;B 10% ,2CV;B 20% ,3CV; B 32% ,
5CV;B 50% ,2CV;B 75% ,2CV;B 100% ,4CV) ; %
W .5 mL+min "' s BERE R .5 mL,

A 1 52 e B URCAE 32% 1Y B A PR I A BR
f, SRJ5 FH 1 mol - L ™" HCL M5 pH %= 4.8 JLiE , #%
5000 r- min ' B> 5 min, 5 5 BB ULEH 10
mmol - L ™" Tris 25 w5 Wi i i 47 HPLC 2% J5 i 7 vk
o, 5 % 4 B4 22 A 4y VR 3 Ry 2% o 1%, 0 ¢ v 4
a3 AT SO I 4 o
1.3 =4 Arg”-GLP-1[7-37] & RiE 4 Arg™-
GLP-1[7-37 L& () HPLC i &, WE 2. 4mak
BOAR G 3 A R I, AL & E 2H Arg™-GLP-1[7-37 ] ()
4l R 58.9% K B ) A= FRIEECH Sy 17 4

2R AEIE 1

B2 4 Arg™-GLP-1[7-37 JHLE: 19 HPLC {43 &

MR B 13 ey g b A7 4k, L RERE SR 4l
58.9% , LA 5 mL, R 2 W A BB &
Al Ak J WSCRE T A5 Al B AR AL o o R 3, K R
0.286 g, RN 38.7% 4% H 79.9% , LAt hy 24 i
W M B TR E T AR A RN

0.384 g, KN 58. 1% , 2 iK% T 89.3% ,HF T
— By AR A Atk

#E4T HPLC A6l A% 7 2% i, 25 2R an &l 3,
A5 R BT B o 16 A4S 8 H g 5 IR A7 0 8 L
KL HPESERENZERKT,

M ERA LB 1
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£1 HEA Arg”-GLP-1[7-37 1 & RIH &
JeEgE AR/ min /% Hi s
1 11.669 0.975  ZEKMHEZE
2 12.904 0.979  EKMEZ R
3 14.013 2,542 EIKMEZ R
4 16.240 0.601  ZEAKMEZL R
5 16.443 0.487  ZEIKPEZL R
6 17.582 79.837  #H#H Arg™-GLP-1[7-37]
7 19.616 0.303  BRAKMEZLR
8 20.218 0.338  BiskdEAL R
9 22.753 5.617  BiskdESL R
10 26.272 1.563 Bk A4 5
11 26.655 0.153  BRAKM:ZLR
12 27.400 0.485  BRKMEZL R
13 27.994 1117 Bk PEZe R
14 29.213 0.180 Bk A4 R
15 30. 099 0.513  BikPEZL
16 31.023 0.172  BiAKH:Z
17 32.517 4.137  BRAKMEZR SR

2 E4H Arg”-GLP-1[7-37] & EH &

2.1 HEBIEFE WHEFEHEEERSA

AMITE 0.15 ¢, % T 30 mL 10 mmol - L ™" Tris 2% i i

Wb BERE AR L 0.45 wm PR, T SOAH I 45
% FH hplcone {44 (250 mm x 20 mm,5 wm,

300A) ;i sh AR &R (A #B4i/K +0.1% TFA; B .

Kl ZSA Ch1 220 nm

Arg*-GLP-{I[7-37]
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CNE +0. 1% TFA) s B P Bi A2 F: (0 ~ 15 min, B
35% ;15 ~30 min,B 35% ~39% ;30 ~43 min,B 39% ;
43 ~58 min,B 39% ~68% ;58 ~70 min, B 100% ) ;
V10 mL- min ™" 5 5E AN B K 220 nm; BRI
30 C;iffEFEE 1 mL,

W B 4% W, DTS e e 78 R R R AT LI RS R T
b R T JS RE & 10 mmol » L™ Tris 2 w75 W 7%
fif VR T 5 KR R AT HPLC 2% 50 3% J7 sk A I, 4l 2 &
& B4 2% JBORE it R AT 5 3 AG I Z W 2% Bt AT
HELR 4 7 5 o
2.2 ZREIEER  HAH A -GLP-1[7-37] M
i 2 113, DL 4o HHE S AR ] A O vk R AT A,
WA £ B INFIR] S 10,12,28 138 min {1 (4,35 %, R
PG BEAT e 28 W 48 B v UR T 0 o b WO SR AR B It
6]} 51 min (W HEFT HPLC A, 45 R KW B 22
ANBKPEZR B IR 5 8, H &k 250, SO @3S AR
MRS H b 25 2 3 JT o AR HPLC J5 A I il 46 )
VR T RE A, X e HPLC 3, W] LLg E 75 20 19 3 A
ZRIUN IR L AT 3 AT 9, 4GB 5 5 N 91.4%
99.2% ,96. 7% ,¥& T 5 i g 2= 5t &5y 0. 84,
2.28,13.66 mg, 4fi i F 2 Arg™ -GLP-1[7-37 1 1 T-1%
RS PR3- 2% I 7™ AR HLBE, 3 b 24 o 47 ik T %l B
WO R W B K AT B TE] JE §% ( Matrix-assisted laser
desorption/ionization time of flight mass spectrometry,

MALDI-TOF/TOF ) #; 3 .

R %

t/min

B4 4l Arg”-GLP-1[7-37 ] J AR il # &1 3%
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1o MAFZ 1 B m A = AR o F 2 [ M+ H] " R
1 033.544 6 i M| H 2454 £ 41 S~ E-F-1-A-W-L-V-R, J&
IS4 Tk 1 032,575 7,525 K 30. 13 ppm, 543

112 arscer2eon 050 BRI AS i B oy i AR — B

22 )% 3 ) MALDI-TOF/TOF 3 L&l 7,

P744.2397(R12244,52199)

11 19.4724(R10755,983)
2167.0303(R14089,S59) ﬁ 4663(518152:9?1?22602658)
2727.4 3370.2 4013.0
Mass/(m/z)

5 2% 9 iy MALDI-TOF/TOF [&i¥%

MARZLT 9 BBARI A BN FE[(M+H] b766.2441(R12144,5745)
23 112,447 5 #5544 J¥ 51 &y H-A-E-G-T-F-T- 740 2537(R12361 148)
S-D-V-S-S-Y-L-E-G-Q-A-A-K-E-F-I-A-W-L-V-R, J¥
BIFRE A F 8ol 3 111,530 2,i% 2% 26. 58 ppm, &

782.2161(R11833,5290)

'60.2449(R10250,5156)
4370(R6927,524)

14.2559(R7999,516) 3399.7568(R1081
a0 Rl R 3 e R R BN o e e - NS g 20846 272N7|éis/(m/z) 33702
Z& 57 9 4T MALDI-TOF/TOF I |5, fff fiE % 2% it
J% 1| 3 : H-A-E-G-T-F-T-S-D-V-S-S-Y-L-E-G-Q-A-A- B 7 ZPi3 [ MALDI-TOF/TOF [&]3}
K-E-F-I-A-W-L-V-R, 5041E 1 5 43 98 B il ik 25 5 .
3.2 Zf&/ 1 52 3 iy MALDI-TOF/TOF illiz WAFA B 3 YR 7 R AHXS 7 7R [M+H] ",
ZeJ5 1 ff§ MALDI-TOF/TOF iz 1L 18 6., 2 744.239 7 M H 454 ¢ 51 o H-A-E-G-T-F-T-S-D-

V-S-S-Y-L-E-G-Q-A-A-K-E-F-I-A-W, %] # it 4> F
4 2743.276 6, 1% 2% 4 13.45 ppm, /& 43 B 5 3% )
30 7 i SHEOE Sy TR AEAR 2
4 WIFAI
SR 4 Bt O T 1R IS 3R A T B4 Arg™-GLP-1
1065.5360(R10317.51239) [7-37 1R Tl , Feali By 97.9% , [k 557. 25 mg,
gt 5 mg, 75T 10 mL 10 mmol - L ™" Tris 25 #hifi
WS SR, SRR AT AR R SE T
4.1 FEAEIR B 0.05 mL 2 mol-L ™" NaOH ¥ ¥/
ABOE T IR ST E S h BUl 47 HPLC &,

1033 .5446(R9914,S1806)

049.5433(R11022,5406) 4.2 BEREIF L 0.05 mL 2 mol- L™ HCl A
B PR 5 ERE S h B EAT HPLC A, R ik
055.5350(R10931,5194) WG B K WL 8,
37.5515(R10841,S98)
I e,
799.0 1441.8
Mass/(m/z)

6 Z%J% 1 ) MALDI-TOF/TOF [4]3#
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e e IR
Arg#-GLP-1[7-37] —— W
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B 10 45 Arg™-GLP-1[7-37 ] 254k iE JR B IR 5 i HPLC &1

¥ Arg™-GLP-1[7-37 ] 4li i BN G RS S BB AR., @ 4 H,0, S0/5 2R 10 1 & 4
Ze S AT X O R IR IR T A 2 AT 4 S 1S T T W R /S TR I S AN/ S i IS
WO, AR 3 AR O i BN, @ MR TR SRR A N, S LR SRS 451 29
T AR BB RS Arg™-GLP-1[7-37 | it B3 agin, B% A 7 — e E kP2 Bt . o a0y ol
TR e 2 R 3 2 4 Sl RN, AR S 2R ST P 4 B R R AE R L B AN R AL R B
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T e

AR K AL Arg™ -GLP-1[7-37 JHLE A, L
HPLC J7 ¥ A 46 I T B, 36 45 7ML 5 A9 2% 5% PR 3%
X B T 58 45 4 AR L 4 AT A I 3RS T 2 R H
16 B 2% B B T AS 4 T A5 i v 4 4% HEAT
TR M %, 15 8 8 41 Arg™-GLP-1[7-37 ] 4li i
97.9% Rt 1 %5t 3 e 2% 5t 9 4l 4351y 91. 4%
99.2% ,96.7% , % T )5 i 18 Bi =& & 0. 84, 2.28,
13. 66 mg, 24 5 A 45 5 T J& #£ 47 MALDI-TOF Jii
T H A T 45 A Arg™-GLP-1[ 737 120 7 it
T IETRT 51, 3 S iy 3 R 22 0 10 7T R 45 4 7 91
JR IR 9 HEAT R R ER A2 B I F B E T 5 43 W B i
S I P FI S5 R TR . 2R 7 AR LB 4R R L e 3k
W, 200 1 245 3 M AT 9 0 Arg™-GLP-1[7-37 ]
(19 B8 A - BE o BRI IR 20 IR A% R 1, R A 41k
SAEER S A2 9 A b, (0w R A 1E T B
TR T R R R A AR Ak A T 3 i
T AR R ER A R R A R A Ak R R
AP R B A A e, SR AL BEIR 77 AR B 2% T IR 22 R
RJG Arg™-GLP-1[7-37 %5t 38 T e, 20 2 2% R
3R 4 i WA, A0S AR, ] 24
2 RS 3 AR R A4 ZR TS AT RE R R KR AL R 4
R AR, 7E Arg™ -GLP-1[7-37 ] A 7= 5
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TR, Sy B 1l A e A v 7 i o7 4% o R
JBE, i A5 R i M — 26 5y W SR AL Y R A o AR
FEEAIT BR324k T ) o ) o B 45 KA iR A 3 D R
K, MEA Arg™ -GLP-1[7-37 ] A 7= aof i v 4% I 110 4
il A0 AL P (I 22 o AR A 2 PR AR AL T I

[ & % x & |
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