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Development and evaluation of a chemiluminescence
immunoassay for type I procollagen N-terminal peptide

He Ren, Shuang Han, Xiang Chen, Shuaipeng Li, and Zhonghu Bai
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Abstract: To develop a magnetic nanoparticle chemiluminescence immunoassay (CLIA) for the determination of type [
procollagen N-terminal peptide (PINP) in human serum, we expressed a recombinant PINP-al protein in Corynebacterium

glutamicum and used it as an immunogen to immunize BALB/c mice. We obtained three hybridoma cell lines that stably secret
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antibody against PINP-al protein. After further pairing and screening, we chose a monoclonal antibody 8C12 coupled with
biotin as the capture antibody, and a monoclonal antibody 1F11 labeled horseradish peroxidase as the detection antibody. The
antibodies combined with the serum samples, forming a sandwich complex which was used to detect the concentration of PINP
in serum. After optimizing the conditions, we determined that the best working concentration of the capture antibody and the
detection antibody were 3 pg/mL, and the incubation time was 30 minutes. The quantitative assay had a detection range of
5-1 100 ng/mL, with recovery rates between 93%—-107% and the minimum detection limit of 1.22 ng/mL achieved. The
intra-and inter-assay precisions were lower than 10%. The correlation coefficient of PINP results between this CLIA method
and the Roche electrochemiluminescence immunoassay system was 0.906 2. Therefore, this CLIA method is specific and can
be used to quantitatively detect the content of PINP in serum, which has the potential to become an auxiliary approach for

bone disease examination.

Keywords: magnetic particle, chemiluminescence, type [ procollagen N-terminal peptide, performance evaluation

BB R — R AR W, EEkRAA
i 2 fes . BEEREZB SR, &
FENEH @K, B C 2Bl & g —f
2R, mrREENEGE . BT
AR E B R A H e, TR RS
IS Wi A © QN IF S BUS N2 . BRE
Py I HLAR A AR ZE AL S A, BBV AR 3222
AE L B2 R T R, R AR
WA AR 2, IERCRETT ZF AT
RS HF R ITLHE, WO KT A GHE
RHE, PECRSBREIR, g RE R EEL .
B R RS B AL Y 4 b o
Fr )y R B B I, {EL R % RN P B
T ZE AR, AT E LR A & kA1,
DR AN B % B R st A A4 5 A 5 0 R o B A
RGP RNRITROR, IF H g % A DA A B4
B, FREERA SRR, AEa KRBT,

AT A SR L 3 A A 0 R R 1) 2 B2 W o
A EOR B E B R AE R, U AR I A AN 65 58
5, BMERRHEmMNE L, S=fimt. R
FeRAPT T IR R A LG B (PINP) S —Ff i
FERE e B AR M bR, RE8 PR M i
e AR B AR O, AT DU B B s A A2 W
15 25 R G 25 IR I7 ORI R WE I . PINP R
[ RN i A B 2 SR s U s - A i) — B &
K, HPISE al SEF—4% o2 BEALA, R2IRE =R

. 010-64807509

PRZEH . Risteli 25058 & 8L, I FAY PINP £
SEAFTE, B AU AR S 5% ) o B ks
MERBIZALEE, PINP BO¥R S Fw A8k, B
fEPEZRE R S PINP MR RIkA 56, WikE
i T RR R (Paget disease) . Ji & Al 4k & 14 FH
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1 #RE5FE

1.1 ##
1.1.1 EEHE SR

KA DHS o A 2 BRFERIT 7 CGMCCL.15647,
A S B 2 (517 ; BALB/c /NRL: 4 IS, 1159,
W F VLR R s ) Se gty s HisTrap HP SEFIAE
afi | Ni-NTA BERCZNT . 8555 08 6 2 MBI
(EA£ 0.9 um), 14 {4 GEAF]; B RG24k (FCA).
FRIRASE 2N (FIA), M (KLH). 4+
HHEH (BSA), W[ Sigma /AW ; brifidE A2
i Marker, YR AR ICIEGR . B ALY
fif (HRP). TMB R, W H Thermo Fisher 2
Al 160 FlIGIRIMIEREA, I AR EREE
it (b2 RERYI A W (B K. TRIS) Al
B (W), AScee Afl; PINP HLAb2% KOGk
MR &, W B SR RiZ A .

1.1.2 {88

AKTA avant25 14k R4, GE AF;
Elecsys E601 4 H &g srtril, EEZ K2k
25 w] 5 CIA600 fb27 A GINE AL, VLIRS A Y4
RAERAHE; PEMHL, E Anthos A F], Bl
Fluido 2; BEIRIRAIAS, Jbaifr & A YHi AR A bR
el S MIXER-T; AEARRGFRA, Ui RaL
AR AR F], KIS SPX-80B.

1.2 A&
1.2.1 PINP-ol S EAR R ANLE

PINP-COL1A1 R ¥4 23t %S b 5
AE H g A 4E R A WA R (GenBank %R 5
X00820.1) & BUFHIFE 5% i N 4% B BR PR R AT B
N IRLE S BK cspB, 3'0RESMN 6xHis #74%, Ffix
283 Hind 1A EcoR 1 Sl 2 k8K pXMI19
. HABIRE LR RGBT R TIHE, A
J A 000 TE AR P PR A A 2 A AR IR AT T
CGMCC1.15647 hifs ik, IPTG ZWJEH
1 mmol/L. ¥5%% 36 h J5, B0 UCEE &K BER ik -
B LT DRI T IWE S PINP-al
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b & B BT WOERIT AKTA E A4k RS
HisTrap HP SEAIAE4ifb FiEH M HMEA . fh
Kl SDS-PAGE A F1 % [G i fb 2 2% e R 45
G 590 X 0 R e A T
1.2.2  PINP-ol BT REHTIRM &

I PINP-al 5 5 4H 85 5 KLH BT it 5t
53k ot ek mF L, ALk 58 25 %% BALB/c
N3 R, PG RN 35 ng/H, A 2 kT
1k, T 3 k. a1 WAREJE IS 7 KE
/NSO T A T3 ARG, 325 81 A o v I BB A 4
MES/NRE BB AN (SP2/0) R, R U E I
W - LI NS i AR A IE  (Hypoxanthine-aminopterin-
antinthymidin, HAT) i5REEXS A sc i A i1 7 ik 4%
iR, 2 USRI B3E, SR I G 4G Iy
VR B Rk o A PG PR Bk 0 7 PR 2
PR Sw B SR AARAS P AR E S0P PINP-al B 9 241 i
o B BALB/c /N, SRR IFEAE bl 5 K AR
BB, @3 Protein G AN IE KBRS IR ALK
1.2.3  PUifARic Bobm o & il &

A= F AR ARSI 4% : BUIAFH 0.1 mol/L ik
PR N 22 vP i (pH 8.0) i E] 1 mg/mL, B 1 mg
B A Z AR (NHS-LC-LC-Biotin) % T ik
W, IR TR, 4 C&MT, 0.1 mol/L
BERRELZZ M (pH 7.4) iEMT 8 h, LUIBREIFEAY
AR, ENTIEE A 4 k. BENTE BT
RV WGE L 1 mL 2 F 02 HrA, L 0.1 mol/L %
MRERZZ I (pH 7.4) A URIL, WEA M R L)
PINP-al fEHUIA . IMASERFHHIG 434, —20 C
VKRR AE

R I F ALY AR ISR I P . BOHR 1T 4R
1LYl (HRP) I T 1.25%% “BEwR P, il
PR VLR R TR L PR (i A, P A B R
IKVERE, AR TR . B 2.5 mg FrpRichifk,
FHBEIRER 2 BB ZE 1 mL, &N A HRP K
fdetE. A 1 molL TRIBENZE M (pH 9.5)
0.25 mL #1 0.2 mol/L #iZ{ & 0.25 mL, HEH5],
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FUTCE 2 he MIA 2.5 mL AR ER 8% , 4 CifE
60 min, 4 000 r/min &5.0> 20 min, B& B3, EAEA
B R B PEDTVE W) 2 R VR T/4t 0.1 mol/L 1
BEIRERZZ il (pH 7.4) H. F 0.1 mol/L MR
G (pH 7.4) BEHT 8 h, AT ] AR
4 BENTEIMASERBUH 3 )5, —20 Cokvk
WEGIRAE

FRUESH R4 FF PINP-al SE4T J5 HI0EIR £h 52
W (pH 7.5) (% 2% NFRERE M, 0.5%/MRiL
i) BCHIAE 1 200, 600, 300, 50, 10, 0 ng/mL
36 AN TAERHESIE W, 73520 CUHRAF .
1.2.4 Bl Rk

PL Western blotting J5 & B iE PR R 20, I
25 pg PINP-al 8525 (U INAZ _EREZE bl , Ff b ok
K 5 min JG T 12% SDS-3 NI R E RS FLIK
HLUK e R & A B I RIS T 250 mA fH
B 1.5 h (0.4 pum RSPREFAE R MR, MW TBST
(% S%BLAEZEWh) = IE 2 h, ¥brid HRP
PINP-al #E BT AW 10 1 000 HEATH R, =
RWFE 1h, IMAJEY B, DL 1 RSy ablibt
i, HARRPHURIIBTA, 4 PINP-al BEHi)5Ad
il % P6 (1 200 ng/mL) A1 P3 (100 ng/mL) H/~46
DFEA SR XU AR e 0 IR G 328 00 5 32 X4t
PR AT I X 7 32k
1.2.5 £k

WARPUAR SR BT AR B PR SR AL
M KA R A AR BUAEC DR 0.1, 1.
1.5, 3. 5. 10 pg/mL 3t 6 MM ; HRP 45
AR BTAREC R 0.5, 1. 3. 5 ug/mL 3t 4 4
WREHLE, DL PINP-al 470 (1 200 ng/mL) 4
R AEAS,  FHEE ST AN 7 vk AT S E D A

oo fE SO S I) A B 488 LA A8 T A R 3 A 3l
BTN I BT X PINP-al 55T S HEA TR,
WE 5 AANFERIEE R E (8.10.20.30.40 min),
VPR A 5 (B 122 30T e v {1 940 B i) Ay e A2 5 g st 1
1.2.6 fh2ERIERM 7B &

K OB AR J& 0 Ak 2% & O 2 I A2 i 3 P
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PINP (%)% 12 . HU 40 pL FEAS SR HE ST IR
B, A 80 uL liKHTIAFN 80 pL K MHTiA,
P eei ) 2 min, 7E 37 “CH; %M kG SN
30 min, HX35 pL {RIREERE AR I RERORINA
FRIRE T, RIS 2 min, 37 CHREIGN
7 min, WEAZE FEHE 2 min, BEGCRIDUIEE, £
B B3 . B 300 pL iE BRI AR E h, R 4R
512 min, WAMRZE ERE 2 min, PR BV, UL
WABREL AT 5 W BULERLKY®R A. B
FHBNES, IR P& IA 200 uL KPR, 57
RO Ak 2 2% 00 5 AR Az 0 45 S ) F b 2
S IR AT AR B PR A A M AR B, SE Y
S0 Logistic R4 B PINP brifE 2%, BreEAR(S
SEARAREf 2 TR

1.2.7  SHriEREIEHY

SR BR - 5 A A S 1 (0 ng/mL)
20 0y, RS VPHMEY, MbrfEZE s, SH R
ERAG I BRI 2 T, #5 X +2s AT A PINP g
WERRRVEA TS, A5 3000 o B2 A8 B Sk AR O 2k 1) i
JERAG I B .

K% . A4 NCCLS EP5-A2 30, AT
SR TP AR 2 A I AR TR
W, FEEHC 3 MASFEHEK (20200910, 20201010,
20201210) MR REENE 2 K, ELENME
20d, ArBIFEALA . HEE AR R R A

LMERE: ERGES S K PINP FI RS 8
A SIS FEA (1 150.45 ng/mL) 1%l B
133 R GNFEAVR FEAE R BUNAE , AR A E )
w2, AR F s T e, T
PIEIC SN SRR B, K BUMEAE R X %, 52
PRAEFEN Y B, SFATZ5 SR M AT, K il
LA G G AT ) X B R ARSIy 12 A R P S L

HERA FE KN 8 500 ng/mL .5 000 ng/mL .
500 ng/mL % PINP-al B541 4 H 0.1 mL, 4335
BIAF] 1 mL ¥k 10 ng/mL () PINP [l {5 FEA
W, BEARERRE R 3 W, AEHR R A ]
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W, ] ST = RO I AR A I R — it AR A o
WD)/ S IR < 100% o

G RIEAY . AT TN R B Be K 36 Bl 6 B 43
ATEREMTEFE P ) 160 1 PINP MiEREAS, A
SCEENT I TN E 2T A /I PINP il 75 i
(7] B X8 00 355 2R A5 0, R S DNy vk 4% B A 0
3, M EE I . U RS AR
RZE SRR X, ASCRIZE SRR Y B, 47
5347

2 HER5040

2.1 PINP-ol $#EHERFIEER

PINP-a1 HE B A% K Hifk PINP-pXMJ19
HASERBRITEE, & IPTG 5%, 5%
T RUF RS, ST RZ) 28 kDa (1 1),
FFA TN a2 Mraifth, aifE k5] 95%LL I
H2 1 AT, i 2 i A R R R G
alifb 5 W E 4L R (L ZERR B 10 000 5 )5 47 g5 15
SRR PUAR Y, DAL (A B PR R
I

2.2 PINP-ol #ALEERFIRLE R

PINP-al #EPi5se/NR 7 FilJa, Rl L
AN K bR oS5 PR T ARl . LI e S 3 Bk
AlG 22 SR A I BH PR S o, HAribeR e, 4y
S 4k 8C12, 2B10, 1F11, HUPH 245890 40 i
RIVF WS AN R I, HRU 2 R K Bk,
PA Protein G #E4lifbHifk. #id BCA & H WK E K
AR &, 8C12 WREESA 5.07 mg/ml, 2B10
W R 6.92 mg/ml, 1F11 ¥#KE N 6.84 mg/ml, il
i Western blotting %5 PUIR IS & He5F0E, Llgl

F 1 PINP-ol $E31JE R R MR
Table 1 Antigen reactivity test of PINP-al

kDa

—116
— 66

—45
—35

—25

B |
e B

—18
—14

B 1 SDS-PAGE £ EEHEAMME

Fig. 1 Analysis of the purity of recombinant protein by
SDS-PAGE. M: protein marker; 1: 3 puL recombinant
protein after purification.

L1 PINP-ol SEEE F1IMFES, S350 3 #RE4L
Hgh A AR 2 R, 3 BRI T 5 PINP-al
HEER IRV, R 1) PINP-al 4 Bbi e 5k
B DL 2 DANEVR BE BT P6 Fll P3 g HEAS,
XF 3 MRPUIARIEA RO Gk . 25 R WE 3 i, 4
P6 ) ODyso fHlk R, H P6/P3 Y FL{E MK,
AR e B 528 (B o 76 S5 S bR i 2 T
DA K it 3 05 v, BRI [) v B R A Jr A
M55 25 R EREE 5507, 4rPERE S, TR
HE 2, Bl 8C12 VERHIRPUMA . IF11 1E Rk
DT A FH T Ji Al 7 v i 2T o

2.3 HIRGUIR R AL R TAE R B 1Y 1 72

M ARPUAIE T 3 ug/mL J5, {5 S HILA AL
TR, PIIESE 3 png/mL VE Al ERBTIAm)
TAEWREE . JEE B 4 ATg, YR BLR
3 pg/mL 5 S{HER K, HOkFE 3 ug/mL 15 A
PO TARMREE .

Concentrations (dilution ratio)

Sample

10 times 100 times

1 000 times 10 000 times NC (PBS)

PINP-al (ng/mL) >1200 >1200

147.00+8.82 27.25+1.32 <5
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1 2 3 kDa

- W e 28

[El 2 Western blotting % & PINP-a1 & 8 52 fE IR
Fig. 2 Identification of PINP-al monoclonal antibody
by Western blotting. 1: 1F11; 2: 8C12; 3: 2B10.
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OD 450

Combination of coated antibody and detection antibody

3 SHHTORFNRE I TR 0 i 45 SR
Fig. 3  Screening of coated antibody and detection
antibody. 1: 8CI12 (coated antibody)/2B10 (detection

antibody); 2: 8C12 (coated antibody)/1F11 (detection
antibody); 3: 2B10 (coated antibody)/8C12 (detection
antibody); 4: 2B10 (coated antibody)/1F11 (detection
antibody); 5: 1F11 (coated antibody)/8C12 (detection
antibody); 6: 1F11 (coated antibody)/2B10 (detection
antibody).
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& f//V 4] pg/mL (detection antibody)

= 4 f/’ -=-3 pg/mL (detection antibody)

B o5l / —+-5 pg/mL (detection antibody)

—e—10 pg/mL (detection antibody)

2 4 6 8 10 12
Capture antibody concentration (ug/mL)

4 HIRPUA SN GTE TERE BRI
Fig. 4 Optimization of the working concentration of
capture antibody and detection antibody.
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2.4 FRTEEIHE

WE s FrR, M4EE RS 30 min B, AEA
fHF o EE AR E A, DN K 9% & i R R
30 min,
2.5 WFERAESEEIFN
2.5.1 HEANR

W BCHaF a6 AN RIS (1 200, 600,
300, 50, 10, 0 ng/mL) FFxRUE & 2 51 5 52 )
E 3, SE 1 HEREESESEEEE, #r
BP0 250 Logistic JFAHCH Y=34 662.724 7+
(64 899 948.669 734 662.724 7)/(1+(X/4 508.913 2)
(-1.072 6)), R*=0.993 8, #f X +2s5 Xf i (1 {5 51
423 51 fRAMRUHER P, THEAR B EME R
1.22 ng/mL, BIAS )5 e e AR AR W FR >4 1.22 ng/mL,
252 KEE

XF i AR 2 AR B A I B 4 T 3 A
SR 2 PR, 3 ALK N AR S R BORIHE IR
] 19728 5 R B/ T 10%.
2,53 £MHTEHE

gE RN 3 FFR 1 4.49-1 150.45 ng/mL Z [d],
FEAC RIS IR B NS PR B2 (R 2R M SC R R AT, A
JELPERIA R (K 6) i Y=0.943 6X+6.434 1,
R*KTF 0.990, I HAHXM W2 7E+10% LA N, ik
WA T B Bl E 2 5-1 100 ng/mL.

l6r

——50 ng/mL

14 —=—600 ng/mL
g ——1 200 ng/mL
S 12F
2101
=i
=
= 8r
=
o Of
N
= 4r
4

2 -

T e e e S ¥ ] % ]

0 5 10 15 20 25 30 35
Incubation time (min)

40 45

5 AEWE R EXHE S ER M

Fig. 5 Optimization of incubation time.
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&2 PINP MK T EENER
Table 2 Precision of the PINP assay
Proposed 20200910 20201010 20201210 Inter-assay precision
concentrations (ng/mL) PINP (ng/mL) CV (%) PINP (ng/mL) CV (%) PINP(ng/mL) CV (%) PINP(ng/mL) CV (%)
957.92 949.73+34.43  3.62 926.71£56.79  6.13 939.51+45.79  4.87 937.51+64.91  6.92
17.64 14.64+0.31 2.12 15.82+0.64 4.05 15.93+0.73 4.58 15.19+0.97 6.39

&3 PINP &MAFILMEERE QML
Table 3 Linear range of the PINP assay

Measured values (ng/mL)

Samples Desired values (ng/mL) Deviations (%)
Test 1 Test 2 Average
1 1 150.45 1 055.31 1072.13 1 063.72 —7.54
2 575.23 611.64 603.94 607.79 5.66
3 287.61 261.46 295.46 278.46 -3.18
4 143.81 135.75 134.27 135.01 —6.12
5 71.90 78.16 75.18 76.67 6.63
6 35.95 33.49 31.49 32.49 -9.63
7 17.98 18.13 16.67 17.40 -3.20
8 8.99 7.94 8.81 8.38 —6.82
9 4.49 5.32 4.48 4.90 9.04
1200 )
R*=0.995 8 . 2
~ ’ = »=0.893x+33.666 e
= S 1000r R>=0.906 2 ' g .
800 3 .
& = 800
2 . 3
g 2 .
2 S 600
5 4001 3
3 T 400
= 8
E 200
1 1 ] g
0 400 800 1200 o ; ] , i ; :
Desired value (ng/mL) 8 0 200 400 600 800 1000 1200

Concentration of roche (ng/mL)
Bl 6 PINP&MXFILMEMUELER
Fig. 6 Linear fitting of the PINP assay. 7 AKAEEFTRENFAZLLMER
Fig. 7 Correlation between the Roche method and the
method developed in this study.

3 3tk

2.5.4 WEWHE
2R, 3 ANASTRI M AKOSFE A AS R AR [ 1l
FARIR 107% . 105%. 93%, ITE s

(100£15)%APY, il 2K .
2.5.5  IRERPEHY

A 35 % FC PINP K 28 0 k6 1 1A 1L
160 1. S5y Fritaa, MRS R7=0.906 2,

PRSI 7 kA RAF A — 2 (] 7).
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(0C). I BIJ)5t N s sg ko ik (NTX-1) . B 40
JL Al 5~ (OGP). BRIBEL L KEAL IEJJLET (DPD)
& IXEERAR W) BB AS S LR B RS R
AR, X AR GBI (14 T3 )y A2 W S A
—EWMSHEME, HEN& A ILAMmEE, &
2 B — L RAR AR R 0 T, FandeEds . 51,
T AL AR G R A Y R X s R
[F i B A bR S AR A v, S B R
ARG — . PINP 2 —Fgi g fCibn s, &
MUANTEFRAE, ASZEME . SWAERT
HEET IR A, ke 7 HANR ) BB
W 2B, BB S 2RI — Bl )E
HLIA PINP ik B8 fb A 02 ik HAB JLA bR s

95 L U S PINP e LAEEH A5 S
B R ORI S b S B TR R AR K AR R, R
PINP AN A] DAPRGH | 4 57 b Sz AL -8 3 1
AARAE L, L PPN B N IR YT RCR R AL T
AR TB .

PINP i 5% ol 55 F1— 4% a2 BEALAN, P45 al
FERK, (R JRAEAMIN, i T 45 1 S g ok,
K It PINP B G (o7 s R 2800 T ol B, 24,
AR E L i AT 2561, B A i i
H MK s AL SR EUR SR PINP ZRRBUE, H
XA P R I, H s 8 VAR 2 R i 5
T3 A BB 5 BRI J v R ST T R R 2K
PURAE bR, PR ZEAR 0 v AT PR AR AR 15
%o BRAMRPEIRFTH Corynebacterium glutamicum
S PR E R R TR E U, AR
MATEARE., BAX XN ERBERGEAT
WAL E, (B ZBRAE A A IR AR 5 |k
THRFEE 26 i, A b SR AR
AR 5 RIGIT RS A% R IR RGN TCN
TR MNE RS AR ARl H o,
A AR ARAT B C B T B T BB R AR R B
(scFv)!'SIH N-oR s i F AR K (NT-proBNP)!' 145 &2
FhEE R AR RIK . FAMRFEAS S50 = i m) 45

. 010-64807509

AR ERIBRG, A RFAHAZABRERT
Ri8 T PINP-ol 2K, BN TGS K
cspB, fH BAR= W b B4l FiEH, R3S
TEAEMERER, DI PR &bk, &
AL T RN PINP B4 RO G HE st ik

H it FE N R A2 2K A1 Orion 12K
MR FEAE TR PINP Kl ial50 & . A SCEH
PO Orion 2 WA I (9 2 1ML 7 PINP = 5
agk iz, ¥ Rl RIAR L aeRzil PINP =5
A, T DU 44 P 2 9 S Y PINP-al 55, IF
H A8 R BEARDG, FRAE MRS A U {4 N PINP
B . RATNICHE A REFEWE T 160 i
IRIMIEREA, 5% R E]A PINP A7) & ik
Fror s toxt, G5 SRR B B APy kA AR 56 R 5L R
KF 0.90, KE| TIRIMSWHAR A DCESR, I
HATERUER R | W% &tk Kl R
REFE PR IR 2] T i A & bR v . (H Y REAR IR
JERTF 500 ng/mL B}, 28757k BRI 45 R 5 % G
W ZE A A B EUE DL, VT REEPUIA Y 23 PR
T 22 S SO B R (19 22 np ik R 75 B4k 22
1o FRATHE T ok 2 UR TR B A sy,
WU IMBTARRHIKT 7] R 2 B (PEG) &Ky
R 2R T 9 P R LA/ i i s g A A R S
NN E =Y Sl BT SR R S B S S I M
MR R Z, KoL RN—8 A2
S, PSR S XD AR SO 7 A I vk 3 e 3
— P4 | Btk kR A HE— 2 A R A
¥, PEmril gy sk RS Tk o AR VR N B
Rugemiid, BAMRE M SLFEME.
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