£ % L OB ik NHE F | BEFAFLETHSENER. RAURRE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Nov. 25, 2024, 40(11): 4006-4018
DOI: 10.13345/j.cjb.240051 ©2024 Chin J Biotech, All rights reserved

EEHEH~WHPREZENER RN ERE

ANHE, BxXE!, 2H kEL T2, FERY

1 I PE s A Y 25 e A BR A /] THRES A L PE 4 S5 508 %, (hvg KJE 030032
2 INPHERL R FERlBE2ABE, 1hPE K5 030001

X, HICAe, 5%, 5Kk, B, TER. EAEAATNTEROLER . B ZRIED]. A9 LR eR, 2024,
40(11): 4006-4018.

LIU Shuyan, TIAN Wenhua, LI Ling, ZHANG Hong, WANG Jian, YU Yufeng. Removal, detection, and limits of endotoxin in the
industry of recombinant proteins[J]. Chinese Journal of Biotechnology, 2024, 40(11): 4006-4018.

o E: MAESRANBHROGLE, TAZFAWREETMBRLAETZHRN. AR E &
REEENRER . KA, B AE ZIRFEENNEZTRTESRSEN, FRLAELS
P A EER oK, A AR TARE Fant L PRNNFERAEZRZ AN TN E
2R, ALGAEATHNELZNHKBRE, TR TETAEFAALFIRTAZTENEZRANZ T X, A
BY AWFh. BT EM. AF T4 DNA 4l ATkt N EZANRMEGER, TENET T4
FOERHSTLOANEEZRMAZR, MALRTURORRBIRAT AME, HEFEZHATHE
G AR BT A EEAN, FEFOMMEATLIFERZR., ALEAHETAEGAMRA T2 b
N F AR KRS,

X TAEZA;, NHEAHRN;, AFEEHR AFELN, AFERMA

Removal, detection, and limits of endotoxin in the industry of
recombinant proteins

LIU Shuyan', TIAN Wenhua', LI Ling', ZHANG Hong', WANG Jian', YU Yufeng®’

1 Shanxi Key Laboratory of Functional Proteins, Shanxi Jinbo Biopharmaceutical Co., Ltd., Taiyuan 030032,
Shanxi, China
2 School of Basic Medical Sciences, Shanxi Medical University, Taiyuan 030001, Shanxi, China

Abstract: With the advancement of synthetic biology, recombinant proteins are poised to play a
significant role in medical applications. The scaled manufacturing is a pillar for the extensive

TNIUH . B &K E SR THRI(2023YFC2411205)

This work was supported by the National Key Research and Development Program of China (2023YFC2411205).
*Corresponding author. E-mail: yuyf021@sxmu.edu.cn

Received: 2024-01-17; Accepted: 2024-05-14



WHE F | EREAAUUTRERMER. RNERE 4007

application and development of recombinant proteins across various fields. In the large-scale
production process of recombinant proteins, the removal and detection of endotoxins are essential to
reduce their levels to safe thresholds in the final products. Currently, establishing stringent
endotoxin limits for different recombinant protein products is a crucial aspect of safety assessment.
This review begins by shedding light on the pathogenicity of endotoxins and discusses the methods
for the removal and determination of endotoxins during the production processes of recombinant
proteins. Subsequently, this review summarizes the endotoxin limits in industries such as biologics,
medical devices, and human recombinant DNA products, particularly those in recombinant protein
injection products. It is highlighted that regardless of whether the hosts for recombinant protein
expression are bacteria or not, endotoxin testing is required for the final products of injectable
recombinant proteins, and compliance with relevant industry standards is necessary. This review
aims to provide a reference for the research on endotoxins in the large-scale production process of
recombinant proteins.
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endotoxin limits

HAHE A A TSR Ay . A
FEERHE ZHH DNA TEAHE AW H bR
AT EAAR T A G EAIME, FRIA IR R
SEELY . A T AR BEAA AR YT TR B BT
T — RPN P, G HEE A PR ECR 4
o BB P fi e, JCtE EAME RN
TR, A GIAAIRTS YT RE . FERE S 22 R
PR PR T B o, ARSI P N B 2R
1 FR Sk Hg Z B (lipopolysaccharide, LPS)#{ B il
FNHmY . NEEREAREREOEME, HY
Ffb 2R R E e B 2. ik, 7L
HHh EE RN EARE A Al R,
YT N B R W ZRA TR O AR 36
R R A Y H bR TR R AR Y [ B
FIHA BRI N 5 R R BRFOR DL S N #E R A I 4%
AR, ¥ SN FE R KRR 2 N R R IR L
T, DHEmE i et

1 AFEFHK

1.1 AEZEWM
PN 22 2 G ) A4 A R 1) 2

&: 010-64807509

g3, TEZ0RfLRE S K D B 5 B Ve Oy TH R R &
FEHEMEM . 19354, Boivin fll Messrobeanu
[ER/ N =N L el R M Ko S K
MR Z R SMNESR G, JFan s N IEZ
RN, NEEE AN A, AN

A0 RN IR V6 B A0 TR A MU SR T A AR R, N ER
R AT R A B . BRI
HESTHS TN 10-30 kDa, HEAREMN
YIRRALSEVERT, ST BN BE R A3 AT SRS PR
A LR Tt 1 000 kDa, EARiL 0.1 um
(R4 T N 8 R RAERP, g §22 IR
PRI N BE R A B B 3 S BROTA AL,

By O-i) . b ZHERINEIT A, FF Hix segh#y
EEA D B0 20 N R A% O BT

S F O-PrIE FIAR BT A Z [H], H— RIILRSF IR
RUEA . B 2 XA 402 2 AN, AP
NAZFISMZ . BB A HBUKPERR IR, 5
10 Z WM 3% $ 1 AR 22 TG PR TR AP RE

FHEIENF R, O-biR SR KEELZ
WAL b, LT Ao, O-i s R 4 i ™
A HRPTE BT, (0 40 R B A% Pk iR 15 T R

P<: cjb@im.ac.cn



4008 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

45, HAEAE R 0 22 55k,
1.2 ASZEMEHEME

R, WEERBAHSIER R s
KB AN AT, NERSE R
(A L W 40 ) ) A BLAE RIS 5 7 AR A SO A )
T A 1O Y R A W A IR AE AR IO A
2 BB AR IR A A, 38 R IR ke
A it R R P R T U 3R R e 7
Bef bR DL 2R AL, Gl E R A 2 QR
GBI R
1.2.1 HNERWEHRM

N BE 2= BV I B e K A R GE B BT
51 St B AR O R R AR Y . N EERAE
THUASS , AT DARIELAR Z2 T84 1 40 0™ <
PEPER R FEIZ G R, M R AE B F-a S TE
PEIA R B 5 —Fh A B 7, H R
A R-18. KREAMBAE-6. A4l
R-8 LU HAB AR, anL A B g sl i 4
I T P9 0 40 2 o 2 1 - 11217 PR B
PUFAEN BEAAE B il R s te . ke b
224 TP Y — A EC R A AE AR AR TR I
AR X A AR R E R, S
FORERE FR . fEXFELT, AERE T
MRS i 25 v S RE A B B R AR AR, LA
PRI TR, B B
122 HAFEZEMESHAFTERR

JHRFEARE S — Fh A B SR Y L By, 3 235
B EVASEEL, EA T SRERET ME
hE FE RN EREMEEE LR, NEER
IMLAE 2 MR A Y B EER 2 —, H K E N
BEREA MBS R, FfE N85 R EEE
T EREAM . /M. R AR . Atk 2
MISE, 51 ARMUART Mg IR . 5-F2 Rk
HIZIAR R . df . WUORSEEEY . FTENEER
IS P11 AR i 3o 2 v T SR8 1) LA ™ B 1
PRY)RERERS , AL MR e Ar . R AR e Tk

http://journals.im.ac.cn/cjben

SR ANBE I B4, X L8 B 51 2 T BOR ok
LA PR AL 22 BRI v oy o AR i M
SRR A IR TR A D N AN TR S K s At
SRR, X 3R BRI LA P58 L P S B
fluh e DRI 2R 420 L /NS P R B O 1
W BE, ORI A, L/ MRCRIEE I P9 5
AR St — 2B A HE T R AR AR BE s T
P 52451 R AL R A B e 5 59, o I 9 A7 B
RO 2 BTBE 57 A4t 25 48 38 39 i 1
T 5 B0 FE AR BE T 21 4, 2 ) bR IR A
DR 22 1755 A T DR 0 20 R e ol PN O
L3 T /N A8 A2 2R R R DL, B
G5 MR AE 8 A RBUE AIL A AR B
EAEAG, WS B s B R A IR SR A
RFET A LB,

N BE R PEIR e A4 Y BRAE A P Bl N B 3R IMLAE
AR A o TEARAELND . I/ INRORI LS A B 5
BERAMEAE IS, B A N 1 LR R B A
B EAE T4, HEMIS1 A 2 Mk BUR
TRV NI Tt o AR 3R PR T ) R AR AL
AR5 AR R ZR N R EARER . BN
R R, W, B M L me
AR AT A R A BE L DN -, SR BR B AT 2
PETATERR R R AR T
2R ML S5 5 D 1) ML I 0 7~ A A i 34
BEAT, HEIM P EOR AR FEE BT . TRAR
FENTE R AR L BT L T oAb PRI G 1R AR 5
S T ST S B AR

2 ABEEWER

W R E— B = 5 MR e B4 F
T VR TN 5 2% 40 45 1) T 5 38 2o R R R Ak
PR, 40450 180250 °CHI#E T 0.1 mol/L HYR
o Ak B LA R B e 6 I A At 52 56 = 3 a5 |
A EER P N R T B R R AL



WHE F | EREAAUUTRERMER. RNERE 4009

BB 2R RS N R P A LAY,
hFEAR-NHEZMEEA, NEARBR T
LERNEER T ERRN 5N R A A AR
PR, BNk [IEF, nss e -
NHZEESYNEEFHmE R DRSNS R
SFRIERSCR, B FAEYRRMEEL, JF
S —F BT 7 i v 25 R N AR A E R
wRME, HRETNEE R LB T8 2T E
BRI I N R TG G, SEF R AAS [E] AT 4
KT A AATETE . CERENTIE . BRI IE A
7% EUEF Triton X-114 WAHZM B 1),
X R R BT P o B N R ) AR
KRR F T BARE TR RRE, 051K/,
i E AT A R 2
2.1 MAEFRBmEIEE
EBENERAT DA NGRS AR
fof . SN 2 MRRESE T T BT B
B A I T AT DABH 1k A v 1 R Ay P B B

LSRR, DRI mT LA B 8 1 5 4 (35 0%
Qb PR N BE R BUA . EXFHELLE, AR
R [ 5 1SS e R R A R 45 G N BE R AR SE &
HA, H AN R LG T A i
T R A o 1205 A0 U AR B
HAR AR PR, ABAE A %05 1 il 25
JEAE i iR 22 18] B A 7 R S R R
FAPESRE B TR EAR T, anis i A oAy
TR B2 BN TR R S R R A S O
23 G BCE A5 DR B A B R 2 BRACRIE
R AP,

FURTH 0B & e @ik b, al ik
FERA RS Q-XL MR AT Q-HP A5 <5, X %
BREE R BN B R B RAFARCR . H
7 R AR R X v g A R
AR pH ., HLGR L EAEAE Ak s 18] S A #1
PREREAT IR RE , LASRAT AT A N2 R L BRACR
IS o ) 2 P AR

*1 EHEASAWUASHEERAZRERMRRSEEE

Table 1 Comparison of principles, advantages and disadvantages of endotoxin removal methods for
recombinant protein industrialization
Methods Principles Advantages Disadvantages

Anion exchange Negatively charged endotoxins are

chromatography removed by binding to anion
exchange media

Affinity Use of specific ligands solidified on

chromatography a substrate to make an affinity
medium that specifically binds
endotoxin

Ultrafiltration Removal of macromolecular

endotoxins by membrane surface
mechanical sieving, membrane pore
blocking and membrane surface and
pore adsorption
Triton X-114
liquid phase

Binding of detergent to the lipid
fraction of endotoxin and removal of

separation endotoxin by liquid-phase separation

Lower cost, higher
capacity

Higher efficiency and

Simple operation, large
processing capacity, fast

Easy to operate, low cost

It is required that there are no other
negatively charged components in
the solution. Tight binding of
endotoxin to proteins can result in
lower protein recovery or less
efficient endotoxin removal.
Higher cost

selectivity

Low yield, not suitable for large

molecules

separation speed, low

energy consumption

Residue of detergent in the product
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Table 2 Source and endotoxin limit calculation of different recombinant protein injection products

Name Source

Maximum dose  Calculated value Prescribed limits

Arginine recombinant human insulin
injection

Recombinant human growth hormone  Escherichia coli
for injection

Recombinant human interferon olb
injection

Recombinant human granulocyte Escherichia coli
macrophage stimulating factor for

injection

Escherichia coli/Yeast

Escherichia coli/Yeast

300.0 TU 1.00 EU/IU 0.800 EU/TU
2.4 mg 2.08 EU/mg 0.500 EU/mg
50.0 ug 6.00 EU/ug 0.333 EU/pg
600.0 ng 50.00 EU/pc 10.000 EU/pc

The maximum dose in the table is calculated by taking the average weight of China people as 60 kg.
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