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ELISA ZMEMEN A RBRE I EBAEE

ki, EAR, T LHE, ZXW, FRFT
CFZAE PR B2 A (FTIE ) AT ), TTRFE 050035)

WE B & 3% 5 2Btk 35 28 (microbial transglutaminase, MTGase ) 7% 8 S A4 69 B 8% %, 7% 2R M ik
(ELISA % ), 5t 3t 4777 ik F 3538, A T MTGase 1ELBER 69 £ M H) S0 R 428, ik : A1 A MTGase £ 4=
MTGase % % 4, 5 T MTGase #9 3 3tk % ELISA 5 ik, FIiE T 2 5 k9 £ B TR A FE E A e 4 5 H
BT TR AE B E 5F 3 M PEG-IFN a2a RiRHATE LM E , LR Z 7 F09 2 B4 0.165~10
ng -mL™", & 0.05~40 ng - mL™" J& B R4S E 3, R>0.99, 4 W Fe i Rl My 3 A= e 55 3 2 (£ ) 15% VAR ; 4
o RS HMBG  © A AR R R £15% VAR AFEE DT 15%; % EBAE 2h A1
RAe 3K, BRI TR R Z T AN B BT 15%, B E A 80%~120%; 5 F % 7 i Ae 7 F)
WHEAE A PEG-TFN a 2a R P F 27 m 5 ng - mL' JRIEH &, 2 R B FmAnd B =l E A 97.7%~101.1%.
3 3t PEG-IFN a 2a /2% MTGase 7% @ zﬁwﬁhlmﬁ%&mnﬁlﬂ%@ﬁ i‘uﬁ 15% VAW, MTGase #7%, 8 & 3 1%
TEEEGEE0 001%, 45iL: ELISA XA T AEMH 5P MTGase 558 209452

KR : A SR B R B, RU_BILRG L%, %«C-—Eﬁ%ﬁéﬂkﬂfiﬁ‘ T EABIK ; IR G 2 AW
T ik S ISGE s BEEE 9 5 SR RN T ik

FEHES:RI17 EAFRIRAD: A TEHE:0254-1793 (2018 ) 01-0124-06
doi: 10.16155/j.0254-1793.2018.01.16

Determination of residual microbial transglutaminase by ELISA

ZHANG Di, HUI Xi-wu, CAO Wei-rong, GE Wen-li, LI Yin—gui*

( CSPC Zhongqi Pharmaceutical Technology ( SJZ ) CO., LTD., Shijiazhuang 050035, China )

Abstract Objective: To establish an enzyme-linked immunosorbent assay ( ELISA ) for the determination
of residual microbial transglutaminase ( MTGase ) for the quality control of the biologics which are catalyzed
conjugation by MTGase. Methods: A double antibody sandwich—ELISA detection method using MTGase
monoclonal antibody and MTGase rabbit polyclonal antibody was established for quantitative detection of MTGase.
We had verified the limit of quantitation ( LOQ ) , precision and accuracy, dilution reliability, stability, and
specificity of the method. The method was used for repeated determination of residual MTGase in three batches
of PEG-IFN « 2a bulk. Results: The detection LOQ of the method was 0.165-10 ng * mL™", the ELISA method for
residual MTGase had good linearity ( R>>0.99 ) in the concentration range of 0.05-40.0 ng * mL"', intra— and inter— assay
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precision was less than 15% and the accuracy varied between —15% and 15%j; Using the method to analyze

different times dilution QC samples, the precision and accuracy were both less than ( + ) 15%; Leaving the

samples at room temperature for 2 hours or freeze—thaw 1 and 3 times, the results showed that the detection

precision of reference samples was less than 15% and recoveries were between 80% and 120%. The PEG-IFN « 2a

solution with differernt dilution times was added to the 5 ng*mL™" reference solution, the average recoveries of

standard addition were between 97.7% and 101.1%. The method was used for the determination of residual MTGase

in three batches of PEG-IFN « 2a bulk, the results indicated that the intra— and inter—assay precisions were less

than 15%, and the residual MTGase content was lower than 0.01% of the total protein content. Conclusion: The

ELISA method can be used for the determination of residual MTGase in biologics.

Keywords: MTGase; pegylated protein drugs; PEG-IFN; site—specific conjugation; residues detection; method

validation ; ELISA
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( pegylation, PEG ) i [ 28 24 ¥ 15 fie K PR iy 4 B2 HC
A s R TRTIN Be TR A S, S e i, (]
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TR G & BB 2 A BEDLIE i, SRR A
i B S B A3 AN — TR PR RS . T E A
AT R TR 2 1 B 2 BRI 1, BERAS e — 4
TEABHAL SIS — B R & A1, A R 377 i o
PERAN Tl AR A 7, El o 3R & gt e v 2
RGBT T Pt

A W) 4 & Tk e %% A ¥ (microbial transgluta—
minase, MTGase ) HEME 1L PEG X 25 [ 1%, 22 Ik fit) Jt S e
TERBERRIATE FUEM . HAUHAAE T AT ZX R A
LSRR AT 0 | /DR B b 52 e S 2 1 24 1 AL RN
CEPRAE T LA B, coli TREEZEs T I HE
AL FWRalifl T2, AR A P AR . T 7E MTGase
BRI R O B PRI B R R AT AL B
Xt 5% B ) MTGase HEATAG IS, A SR F UL A4 e
O ELISAYE, RO ZEH A N TR a2a(PEG-
TN o 2a ) 9], 57 T R AR MTGase 5% B 21
SETTHL, FHE IR 2015 AR [ 24 SLERENIE T %07k
FR5E PR SR8 BEMIMERRE R n] SEIE ARETERIL R
PEAE X 3 4tk PEG-IFN o 2a JEIRGHA T T H A IIE
1 EFE5IREG
1.1 FEM 51U

Synergy HT BFRIUFT E1x405 YEdRALA BioTek 23

H P2 BERRA (575 9018 ) A I Corning A ] .
1.2 2555

HE3R i PEG-IFN o 2a JFV H A1 24 4 A1 Hh 47 4l
HEAR R A B 745 8w ik iR £
2% W, pH 9.4, 57 5 28382, it 5 ME157723A) K
Thermo 22 ) 77 it 5 LI ZE4T 4 1gG F (ab )’ 2-HRP (4%
5 A24537, #t 5 46-22-020315) N Novex 2> #] /=
i s TMB X4 43 (8 4 5% & (62 %5 TS0001, 41t 5
20150825 ) J Kok YR A BR A F] 77 il ; MTGase
X B (10 mg - mL™, 4165 20131014 ), MTGase HL471
(it 5 20150622 ). MTGase i 2 Bt (#it 5 20150504 )
¥JH Dophen Biomed Corporation $2{1t
2 EWAHR
2.1 SEPEE
211 KHIBCH B ER S s (PBS) : AL N
8.0 g, MR A 4N 1.44 ¢, FALEH 0.2 ¢, B2 — B
0.2 g, 1 LAk, V8 pH & 7.4; BHMAW: & 1% 4+
M7 A (BSA ) By PBS; #ESMRG B : & 0.1%BSA
f) PBS; ¥k ¥ 2% vl : PBST, % 0.05% it I —20 &y
PBS; Z 1% : 2 mol - L' BR& .
212 wdEMZEl g AR MTGase HL41
Pl 2 pg - mL™, A&RFL 100 pL, EiR5%7% 8 h, 4 CHf
PR , PBST Yible 3 W FIRE S A BRI 3 15 R 5UA
BE MTGase Xf IR i, il 8 T 5k 243312 40.00., 13.33
4.44.1.48.0.49.0.16.0.05 ng - mL ™" AUFRAERE S, AR 1L
100 L, 5 #7=3% 1 h J&, PBST Pk 3 ¥ LA 5 000
A5 i B 19 MTGase %2 2 ¥t , &5 £L 100 pL, = & %
1 h J&, PBST YA 3 ¥ INALLEES A 166 F (ab ) 2-
HRP, 3 000 £i5 % B¢, &L 100 pL, iR ZE% 1 h )5,
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PBST ¥k A 3 ¥k, PBS YEAR 1 ¥K; TMB I {4, 3~5 min J5
TN E S, FERRX 450 nm B28, &5 hr i il
2 B I LR, U S HOT R
2.2 JrESFRAEE TR
221 FHEREER OB MTGase X} B8 5 i B &2
13.33.10,0.165 F1 0.055 ng - mL™", $Z I “2.1.2” T [
Jrxt 4 ANV BRI B 5 e, TR %
JEE IR B, 4% HR AR R i e B AT vk S
JEU ) TR i IR A VERR A £ 20% LAIN K
HE/NT 20%.
222 JIEMERME M 2127 TR ik &
AR 3 AN MR (4.44 . 1.48 F10.49 ng - mL™) 1Y
MTGase 5T 5 #F &, Al P9 A o3 45 ok 3 3 200 2 10
W5 BRIAVEEAS AR W 3 AN P47, R 3 ke it
MR ol N ]
223 FREATEEME  ARIEIZ T ARSIV L R S A
DN R R AR RS, DRI N 2R AT 1k A R R T RE
82, FHRE SRR BERCKS VR R 40 ng - mL™ AARHE
FE i 43 53 F6 % 10,20.80., 160 15 )5, 1531 4. 2. 0.5,
0.25 ng * mL ™4 AV B B ST RE A FiE I <2.1.27 T
D7k BRI EE I E 5 K, AR RS
224 FRUEME  FEERE S KR T B
R, A LB S LR AR e I . FRE b R R I
il Es K 3 NS (4.44.1.48 F110.49 ng mL™) Y
RS RES UREL 1 U 3 YR SEA TR 5 3 A1 AR S
Ko 3t PR A AR 2 L (20~30 °C ) B — B,
WM e 0o L = R A R AT 5, T 1
H A 3 S M (4.44 . 1.48 1049 ng - mL™) 1Y Ji 45
FEEIRACE 2 h ] TIE . AR E S R
FE ,FESR A EIBCR B AE P Y 80%~120% 2 6],
225 LM Kl PEG-TFN o 2a J5 ik H' MTGase
BREA T Tz kAT B m AR, R T AR
i A BV PEG-TFN « 2a BRI B 2.5.5. 10,20 Al
40 f5 £ L 510,20 F1 40 A58 B 0 ARt i B SR ¥ T
[N B3R 25,510 A1 20 f5 B ny Atk i A s
ng - mL™ RRTERE S B A EHR A R T, A
WM5E 3 . FRE S B 2 1545 B 5 ng » mLL™!
AR IR, A 6 I . W T ST B
2 25 I AE VA VR TIT 0  {EL A 95% mT A X ] Y
(x+2SD ), & B R 2 X2 vk ™= A= ek
o MEERRF 0I5 X A, $7mA i ol 2% o 6
WA BESRAE 5 S50/l {5 X RIA, S A ek

i

SRR A I TR
2.3 FESRI

I3 4tk PEG-IFN « 2a JEL¥ , FHRE S AR BRI 10 %
T B RE i, F5 HR 921,27 T 5 Be 384, T 22 MTGase
FREA  RHILRE SN E 3 R, BRR 3 NPT, TR
DAL RIS [ % %
3 LM4LR
3.1 tRfEhZR

TEFRUEIIZE 0.05~40 ng - mL™" 36 Bl N, 4 o B vk
JE XA AT 2 U S B A  F5 5] — 45 S Al
4k, 4k R>0.99 (& 1), (s o fd 28 fh £ 5
TR A5 I ) B o

Curve
3 Curve | Curve
Neme |Formula| A B c ¢ R2 L3
=(A-D)/ v
2.5 Curve |Q+(/c | 0.312 | 1.07 2.63 2.96 1 T
"B |
2 /|
< 1.5
) 3
1
/;)’V
0.5 R
0 1 T T T |
0. 001 0.01 0.1 1 10 100
lgC

1 XBRR R B RS B R
Fig. 1 Standard curve fitting of concentration absorbance of the control

3.2 LSRR,

321 EmE SR N A R 133310,
0.165 F1 0.055 ng - mL™" MTGase ¥ & i PN 5 & 5 K
W 5E , 45 9 13.33 ng - mL™ TR 52 - 341 12.38
ng - mL, R % R 24.09% (n=5 ), WEH N ~7.13%
(n=5), K5 % B KT 20%, AAFA CE PR 5 e & 55
B 7 2 B0l S B ) ) X i b BR A EESK ;10 ng -
mL ™ PR 2 S HIME N 9.26 ng - mL™, K 45 7 5.22%
(n=5), HEHBE —7.43% (n=5 ), 46 XHEIILE 20% LA,
0.055 ng * mL™ O 22 -4 4E R 0.071 ng* mL™", K
PN 12.68% (n=5 ), HEH FE R 29.09% (n=5 ), HEH
JERT 20% , AFF6 CEPIRE e i 50 B s ek 4
SN ) X6 T BRAYER 5 0.165 ng - mL™ RN E
AN 0.166 ng » mL AEHE 1.79% (n=5 ), iR B
0.60% ( n=5 ), I7F 20% LA, K207 vk 12 EFR
WR 10 ng - mL™ i FRREA 0.165 ng - mL™
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AT AR 10 YOFARA] 3 vk o A AG I, -4 1 b
N K % B 2.50%~5.89% (n=10 ), #E i & -1.93%~-
4.53% (n=10) ; 3 Y 52 A4 A [0 A 238° P R M Aff i 2

1, oA A AR [ 45 25 B8 AN 2 X976 ( = ) 15% L)
AT A CAEIRE g BT 7 L BRIk S JEU) ) X6
PRI E R R

x1 AENREESHE
Tab.1 The reproducibility of the method between plates

TR RE R i MTGase Jit e —
(' mass concentration of e ( mass concentration of MTGase )/ (ng* mL™") SD RSD/% -
o (‘times ) — - (accuracy ) /%
QC sample )/(ng*mL™") x +SD 4 ( mean )

4.44 1 4.446 +0.006 (0.13) 4.432 0.030 0.68 —-0.180

2 4.453 £0.105(2.36)

3 4398 +0.194(4.41)
1.48 1 1.471+£0.036(2.45) 1.475 0.011 0.75 -0.338

2 1.488 +0.042(2.82)

3 1.467 +0.071(4.84)
0.49 1 0.491 £0.012(2.44) 0.487 0.012 2.46 -0.612

2 0.497 £0.009 (1.81)

3 0.473 £0.019(4.02)

7 (note ): F55 N RSD ( RSD in the parentheses, % )

323 FREAEETE 40 ng e mLT BOBRIERE S 0 H
F% 10,20, 80, 160 fi5 J5 15 %] 4.2, 0.5 F10.25 ng - mL™
AAVREE BRI E 5 UK, S5 545 i R G %5 B 7
4.19%~7.49% (n=5) Z 8], B BE -5.76%~-12.28%
(n=5), AT U7 FH A 5 325 00 2 08 A BE AE + 15% L
W KEREE/INT 15% , 3R A [RGB A BOsr ik i 7
i RIE S Al

324 faEtt REMRUES R IR 2.3 N, 5.
AR R AR SRR 1 UORT 3 RS IR R 2 h
Jei o3 S E A I, BN U BRI 5 IR, A5 R
FHAS J7 100 7 WA %5 FE TR 1.00%~9.82% Z 1], [A1i
HIE 83.1%~116.7% Z i), KW MTGase 7£ LA L f7 i
KT R EN

®2 ARREN
Tab. 2 Stability of the freeze—thaw

e R R o e
('mass concentration of {iﬁf:f:% qui{gﬁ(mrié?r; & SD RSD/% (recovery )

QC sample )/ (ng*mL™") 1%
4.44 1 4.469 0.242 5.42 100.7

3 4.778 0.179 3.74 107.6

1.48 1 1.459 0.036 2.49 98.6

3 1.350 0.014 1.00 91.2

0.49 1 0.407 0.015 3.70 83.1

3 0.415 0.010 2.50 84.7

*x3 ERMERTEH
Tab.3 The stability at RT
JETAR A it B VAR i A
('mass concentration of ('mean )/ SD
QC sample )/(ng-ml™") (ng-mL™")

=
RSD/% e
(recovery ) /%

4.44 5.183 0.509  9.82 116.7
1.48 1.575 0.058  3.68 106.4
0.49 0.518 0.027  5.21 105.7

325 Ltk BUAWI (2.5 ng - mL™) HAG 6 ¥,
A (£=2.63 ng - mL™") AlbR#E(N 2 ( SD=0.08 ),
N7 % RS A T AR 7 A5 500 R v 1 i 22
(W3 4) £ Fx+28D X [A] (2.47~2.79 ng-mL™")
N, R I 25 SR A TR N EE 2.5 ng - mL Y 80%~120%
Z[8], U B AN [] A% 50RR BE 1Y PEG-TFN o 2a JELIR i
DARES S v ) NS
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Tab. 4 The specificity of the method
e AR FHIE .. i EfiiEs
(sample ) (dilution times ) (mean)/(ng-mL™") (recovery )/ (ng-mL™") (recovery ) /%

Wil T 5 1.68 0.03 — —
(‘solution T ) 10 0.86 0.02 _ _
20 0.48 0.01 — —
40 0.25 0.01 — —
e gl 5 4.26 0.25 2.58 98.1
(solution 1T ) 10 3.45 0.08 2.59 98.5
20 3.14 0.15 2.66 101.1

40 2.82 0.10 2.57 97.7

3.3 FEARLI
¥ BB HE 7 B 7 K 3 i PEG-IFN o 2a Ji
W MTGase 5% 88, 25 30 W& 5, v DLA Jy 890 52 Y

3 HURE S AR N R AR (DR 235 B 40K T 15%, 3 HibRE & A
MTGase 5% B # 2K T B EH S EM 0.01%, 555
ARSI 2% MTGase b% B8 B ER .

£ 5 34t PEG-IFNo2a Ei® MTGase 57 &
Tab.5 The MTGase residues in three batches of PEG-IFNo2a solution

FE 1 (sample

MTGase 5% ( residual amount of

e content )/ W VB MTGase )/ (ng- mi-") < RS/ G
(1ot No.) (mg-mL™) (times ) (residue ) /%
x +SD mean

CSPCO1 1.38 1 13.71£0.11(0.80) 13.40 0.38 2.82 0.001 0
2 12.98 +0.67(5.14)
3 13.51£0.62(4.59)

CSPC02 1.14 1 9.57+1.20(12.52) 9.88 0.28 2.85 0.000 9
2 9.96 + 1.07(10.71)
3 10.12+0.97(9.57)

CSPCO3 1.15 1 10.15+1.49( 14.63) 10.25 1.50 14.60 0.000 9
2 11.79 +0.35(2.94 )
3 8.80+0.42(4.75)

7 (note ): 555 N AGE R RSD ( RSD in the parentheses )

4 g

A T 5 i ( transglutaminase, TGase ) Iz
FAET 3 FEYRCE YR Y, AT AL 5 S 1
J¥iz 1) B) Pt e 7 B L, T B & — ( oy — AR Bt AR ) — #6
SRR, BERR O KRR ARG A Sato 25110
1996 4 % B TGase 1] Fl T2 FH 19 % s 215, 2001 4F
SR T MTGase X 1 % 42 S #E 4T T 646 MTGase
FEXS HA KPR TGase 115, PRI Al d i K R 3
15, RG5O, A 7= A AR , I HHAE X Ca™
TR | S90S BB O S T 2

it MTGase BHEALEE BB , A2 X

i

TR, AT LA — RN B UAR 25 W A T4
TEAN U B BT A8 B Bl 0 3 sl 2 iRy
BT BRI T B , B2 7 1R e T
ELISA #:, H 1971 4E Engvall #1 Permann 14 ¥ & 57
DLk, Koyl BT S8 iz T A
FE R A AV 24008, ELISA ¥ LA S5 F v g ik
il H- B0 S e A 4 A S5 e S N 5 Tl X TS 0 ) v A A
TRV R 256 e ok, B R0 R S Pk 5 S A0 A
IF HLE5RAER , G ELF, 7 AR T S ELRE i b 3
R, N Bk R S B R R TR 22
— U AN MTGase #6145 AR BB 5E 1 20, 2
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BRAE NHENL T MTGase 3 it WA J7 i (HIZ 7 %
ER TR 0.6 wgemL, Z& M4 E Bl M 0.6~10
e mL" T OR BE W R IR HE MTGase 19 46 25Kk
AR S 28 7 37 A MTGase 5% B4 B AG I 7 325, 2 PR 4G
TG A 0.165~10 ng * mL™ KT FE T, & 4 F FR
AT O A M. X% 5 vk e B [ 2 iy 22
SKIEAT T 5 A gk, 45 R R W 7 A1 0.05~40.0
ng - mL” YO AL G RAT, HORS % R R R R
PERRE PRSI S48 S IR WA 2K . Wz vk
X} PEG-IFN o 2a Jf ¥R iE 47 10 % , 45 3 R B PEG-
IFN o 2a X} MTGase 5% f &t (RS A2 72 T4, %07
1 BE 2 2 M € PEG-IFN o 2a H' MTGase I 5% £4 2,
76 T HAh MTGase {555 25 ) Hh MTGase 5% B 5t 19
R 75 #4078 & JRAESRUERI AT, & MTGase 5% #4 1
I 8y AR 73 o
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