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Detection of procalcitonin based on fluorescence immune
chromatography

Chuanzhi Liu, Wei Li, Guiying Liu, Yu Yang, Ping Gong, and Yue Hou

College of Life Science and Technology, Changchun University of Science and Technology, Changchun 130021, Jilin, China

Abstract: Procalcitonin (PCT) is the precursor of calcitonin related to the severity of human bacterial infection. We made a
test strip by coupling anti-PCT to quantum dot, in order to develop a highly sensitive and convenient PCT testing product. The
anti-PCT titer had reached 107 because of the stability by coupling anti-PCT with quantum dot. The detecting linear range of
the experiment was 0.15 to 120 pg/L, the sensitivity was 0.007 pg/L, the recovery range was 91% to 113%, and the intra- and
inter-assay coefficient of variation was less than 8%. Comparing the homemade fluorescence-detected test strip with PCT
ELISA kit on sale, we got accurate results which could mostly accomplish the test of clinical samples.
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L EER R RO, IRIRN R Z, (A
X AN B3 ) M Ak KO BE SR 5 v, g FH B A
LN

PN 2 P SR TR IO AR G G 47
FEENTHARMES G, B BRAERE | R bk |
PR A0 5, R 4% SR T A s A R A (&9
PEFEARIC Y R —Fp o B bR i ik —— &
(Quantum dots, ODs), ‘B /&—ff IR EgK
MR, BAMEESIERETE . RIELAE . Kt
R RICEE R | Sefese Y G RAFRE,
338 BAE I HOEARICH IO, 2000 45 4 fif 2
TN FH R AR IS B A O IUVUES B R TR
SPEERAI, KMFRGE 0.4 pg/ll, HHA
ARG H EE AR T 10 %, 2014 4, Taranova
2 DOUE 7 — Bh 2 F £ (0 A 1 5 ) 45 4G 4
P 2B RN, AR A AER.
5 R KR 435135 0.3, 0.12, 0.2ng/mL, HAY
£ 10 min = N SRR S8 BRI L I Ty 2 AN R
BAAE, T HHA s e R b, s — A
VEfTBRL PRl . RAUE Y PCT Rl i, & A
W PCT By & it R R AH IR bl B e R L s
JEAly, WG T RIS HAT TR SEBR A,
AR SCR L3 2 B Al Al U B RS R R b, 2236
FC AR IR & fe s Balble /)N Bl ifil 8 PCT £ 5w S s
7KL BB/ BRURL A fL 5 B R 20 L R S T PR
ok SR RRNPUAYS CdSe/lZnS ¥ M
B, WF5E—F LT bR i e s 2
e, il iatss, W xR C R, FRXHEINR T
LRUAT T MR INTE R 1R2% . RuEtESE, Xl
PRI T TR N, S T Wik T TR
B EEXT, RS, TR RARE L

1 #E

1.1 SCISUEERE
DEEKINL TBS-380 Iy T b i 72 AE My Rh 4k
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AR s YHQ-LS-50A 5y 2k 11 26 1 K I 2 5
SW-CJ-2FD Wi T/E 3 ; BioTeK Synergy %
HREMALARE AL ; Galaxy170s %! CO, 15 F7: 48 5
= R B 4 AN T bV A bR S A PR H
Deaou-308C i it A6 il A3 W T+ 3t 28 A= Uy 2F Wy Bk 4
AHBRAFL

12 MH5H4H

B 2 K HAR . Balble /N RUIE T 75 bRk 2R s
Pty s SP2/0 B R A0 M SE IR = AE RN s i
HHAKE A KA 461 BBt .

PCT Ul A A LB i) 45 PR AT 3 2 & % (HAT
B HT Bifil . HER . SRR TRE
SIGMA 2 ) ; 5557 4 M HT/INA- 138 T Tt JH P 2
Bl EAEMZPHEEF Amersham; & 45
CdSe/znS 14 F YN £ Je e o A= WA BR A vl
1-(3- — & KL N L )-3- 2 FE i W i R iR
(EDC)FI N-FRFEIFIHIMET e (NHS) 1 T
FIR B A RA ] AR RN T A
— N BEEEZE R ELISA A I ) & T
IBL 2],

2 K

2.1 PCT ikaoH &

B B6 28 O 2 £ 2L IF 1 PCT B, fasiE
B2 KAR, & 4 KRBT LT 2 miE i s
P, B R FES A 20 pg. HPESEM 5d Ja ik
TG ICR M Ry, KBRS 2 Rkt T
BBNKCR L, #5040 BT, R HME ELISA J7
PAER MY, F Wi kiE Wk, SRET
—20 CUKFTRAE -

VEHL 3 H 6 A Balblc B, LI
T PCT Blsif 11 4es, & 4 R/INRE T 248
TR g Rl . 56 4 % 7 d s, R EUML,
FHELISA 75 00 28 I T . S Bl
5 /0N B G 4 5 B R 20 B sp2/0 HEA TR
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Big% 10-20 d, FAMEIE ELISA Jy ik ik 7o A 1 4%
TR, AR R EAT 3 Wkt , HiER)E
i A M ) AR LR /N BRI A B K

WA 20 M R g0y, IR T, PR Sl R
FHAF B2 - R B L A% B0 20 Ak Bk, ARG B4
MZ TS B R L Ak TR . s pi iR %
THHRFFE S BRI E R, ELISA Bl HAeHr, IF
JH SDS-PAGE #4746 . [m] i) >R UG G 5 1 BSA |
CRP % W22 L) CT . CGRP A Xif HE X HoApr S
HATHEE
22 PCTHHAEEFSBHEERKFHH &

TG & T 45 CdSe, i3 S FLBEHEA T 0 M7
FH MES 28 Mt #1791k 3k, 4% )5 Fl EDC I NHS
WEOGIEAL, A PCT HUARMEEGE &, R H B0
EVIVE, R ER:, SR WHEE R F ok ki
SR BRI A

FERY R 21 4 2% 5 - R ML 4r 1 PCT-H
2 RIRPUIATE BRI R, B 28 4 it S50hs
ICAY PCT bty S e Bk b, IF IR T
TR 20, SRR, WFEMmE . B . iR
LR A BRI K AUHOR S 2 2%, FABLER V15 k58
3 0.4cm,. K& 7 om K/ S

2.3 PCT RizZizHlFnes =14

sk C e R PR TR
AR, BRSSP ESER] PCT-B 4 R
BT Ty 2 AE A

BumyE HE WAL R (2.0 gL). =
Hh(30.0 g/L)Fil PCT & WLT4t4 CGRP (10 pg/L)
KA TR USRS ARG I . A3 A R A A T
3 Y
24 PCT i 4R &Ry M RE MK

B RIS HETE, B 80 pL F A &y in 3]
FEahas b, AR R A S 6 ¥, 10 min
J& GRS R G (E, O
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2.41 KMTEE

Xt PCT R IR EE I TRR RGBS, 43512k 750,
350, 150. 80. 50. 30, 15. 7.5, 35, 0.15. 0.075 ug/L,
FAWREEAE 6 M4, MOk MAG 2, 4
BRUEAE , BUOLF I R AR e £
242 REE

¥ PCT HtJE N 1.5 po/L HOHRJE FH PB BT Ih
i #% 1.5.0.15.0.075.0.015,0.007 5.0.001 5 pg/L ,
W 8 1207 I I I ARG e o, B R
243 [

SE SR I 1 A S B A Sk A v B 1
— R, AT A T v A A
A5y BTV AR T AT VAL L R A RN bR A2 (]
WK, R HSLRREA PCT Hi ik B84 5 pg/l, 43
S0 1) HLH I AAS R BE B PCT LI, A e g
WHE, JETHE R R
244 RKEE

43 BB [ Hk BE 3L 6 AN I i REAS BEF Tt Y
FEEREME , — MR AIRACSE 1d INKEIISERY, h
YEEHPE LA PCT L SLI6G45 5 . B 10d 43
R — AR AR A%, TR 6 A4SV
PCT HUBRFEA I B E R 2 WHCE(E, 10d Ayt
[ SEB IR TP . 2RI S R AL
245 fEH

WA 4 CHE AR bR HE, & 37 C . 3d
MY TET 4CHE, WEIT T, 3dHYTE
F 4 C—A4F, Bl & pit gt a4 3 A, 55
1 YR 37°CHE 2 KRG, 45 2 W2 E T
37 CHEFRAN 3 KAk, 55 3WEE T 37 CH
FEAAHE 6 REHEATRI , RRRAN 6 Mk BE, 43
WS A—F BRI 3%, BOFHIME)E, H
B3I ST EE AR
2.5 PCT i 4K &Y lG R4 &

I FH 2 114405 25 50 ELISA #7765 5 A S
JIT ST 1 DGR IR AR TR 4 BRI K A
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461 = Bl [l Ay s AE A, 3t 15 ), Hrb 341
TEE N LY R T AN BRI GS , 12 {51 A [R) R 3 40 oA
YL I, B2 4 i G A TR o KRR S
EPRICE, RbRiC A 1-15 5, B4 0 2] 4R
b, BRLRAN 80 pL, BRI 3 Mk
Yok o PRI A3 RS 5 45 A~ 4R 2% 1y ¢
JGME, JRHEF I, B AT bR o
Ao, K mER S PCT M3 & .

3 ER54W

3.1 PCT iRl E

W A2 ELISA Jrik, PCT HitJsl 2 pg/mL
AT AL, IS PCT £ S B PUARL M 1T ik 5x10°,
A% S i 2 H 5 i 6 mg/mL, £33 2k
o ) 16 HEBH P BRS04 20 R o B A 44 R
2F5. 5C9, &AM G5 RN 1 R, *
M52 PCT AR A 107,

A0S WA BT, 5 I VAN A
Sl AmgimL, AEE R BRI ik ] 1x10°,
SDS-PAGE 4t R UL 1.

32 PCT infA5 & F S BEAGN K& X4 &l &

¥ EDC Hl NHS ¥ & 73 51| 7 B 2 5ok i 12,
V4. U8, 116, 132 #17i%fk, HriARIHF 5
fHEeRt e it s, 2% 8h, 10h, 12h, 14 h,
16 ho FE/RIE LR N ROk Y 132 1), HIBCH H]
7E 10 h BPE B SIS, S as R 2,
HorpykiE 2-6 2 7E(HEX 10 h H EDC il NHS ¥ J¥
SraFE B RO 12, U4, 18, 116, 1/32 i}
CdSe/ZnS-PCT M&E FLIK I, $&7m i 7 A [ &
AEBE AT E 5T, BRSREA 4, Hihikig 1
JEHE T4 CdSelznS,

&1 ELISA FAEMMBRHMER
Tablel Monoclonal antibody titer by ELISA

Positive cell strains  Antibody titer Ascites titer
2F5 (6x1.5)x10* (4+1.25)x10"
5C9 (8+0.42)x10*  (5+0.37)x10"

&: 010-64807509

kDa

97.2
66.4

443

29.0

20.1
14.4

B 1 SDS-PAGE #ill PCT #fk
Fig. 1 Detection of PCT antibody by SDS-PAGE. M:
marker; 2: unpurified antibody; 3: purified antibody.

1 2 3 4 5 6

B 2 IRBs¥ERA K& PCT 52 F @B
Fig. 2 Detection of PCT coupling with quantum dots by
AGE.

3.3 PCT Riz&izHIF4H 1M

TP AL ER . M H A CGRP A IRX4R
s, BB TR AR, UER IR A S R
TG 3 AU F R AP, A b PCTHUR, £
T BaE, AF. ZBeHW, AT CGRP,

B3 PCT RAHRBREFHFRENE
Fig. 3 Detection of the specificity of PCT fluorescent
immumoassay strip.
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34 PCT i4ERYMERENIRE R
341 KWL

FIF T PCT Bbt, 584 HL R E
EIATRINS , BTN PCT U5 B N R AL bR
PR OB AR, ST ARUEMZE, Q& 4
Fir, JiFEk y=30.322x+250.73, RP{E 4 0.990 6,
T FE W E 15 %) 0.15 pg/L i, 286 5 0, PCT
PUFMRSE 150 po/L BF, E6(E 5 700, CARZ
RMESERIN, RN ELTE R, Ikt
¥ Bl & 0.15-120 pg/L o
342 REE

# PCT HLJ5 A 0.75 ng/L 4 ] PB T 14
Wi, i 2 F5Hk BE A #G B, BT Deaou-308C %4t
A B, BB AER A AS 298G oM 1k,
XA PCT rlsivk B 0.007 pg/L (% 2)
343 [ER

R FHHERIAEA PCT HUI M B 5 pg/L, 4351
H A 10 RO [FEIRE AR EE R PCT HT)5t, 5

®2 RABREERERN PCT HREE

DL T o B2, R EaR R g, 25 R sk 3 BT
AN, ZITIER IR 91%-113%,
3.44 ¥EEE

T3 DAL VR A S G A AT 10 A HEVR A EURE
MEPAEIF B X+s, AD, CV {HZ, ¥
MZE I 4, HEP . LB RG2S S R B 1E 8.0%
PAR, P<0.05 il & il 4% 550K %6 B R 4T

5500

y=30.322x+250.73
R=0.990 6

Fluorescence intensity

20 40 60 80 100 120 140 160
PCT antigen concentration (pg/L)

4 RHHRZEBEEETMISH PCT fR/fEh %k

Fig. 4 PCT standard curve by fluorescence immune

chromatography.

Table2 Sensitivity of PCT by fluorescence immune chromatography

PCT Ag levels (ng/L) 0.75 0.37 0.19 0.09 0.045 0.027 0.013 0.007
RFU 204+142 168+104 107+86 7543 60+53 25+23 5+24 -
* 3 WAREBEBEIEBMERNELE S
Table3 Recovery rate of the fluorescence immune chromatography
Measured (ng/L) Addition (ng/L) Recycled (ng/L) Recovery (%)
Ori-samples 5.00
Samples 1 7.27 2.00 2.27+12 113+3.1
Samples 2 9.65 5.00 4.65+2.1 93+2.4
Samples3 13.69 8.00 8.69+2.3 109+3.7
Samples4 14.20 10.0 9.20+4.1 92+1.4
Samples5 26.93 20.0 21.93+5.2 109+2.6
Samples 6 35.18 30.0 30.18+4.5 101+3.1
Samples 7 44.85 40.0 38.64+4.6 96+2.3
Samples 8 56.76 50.0 51.76+5.1 103+4.2
Samples9 82.31 80.0 77.31+6.2 91+3.7
Samples 10 99.82 100.0 94.82+8.2 94+2.6

http://journals.im.ac.cn/cjbcn
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345 REH

R 2K B3R, B 6 RFATARIKRE
PSRRI, 25 A 2E M, R PCT 28 M Hj%
JEMRACAAE 37 CF, 6d A {E4FFaE, 3K
P CE AR —, AR, K40 4CH
TRIFRY —ER MR E M. Mg Rk 5
FIiR o

35 PCT iR & aYllm RHE SR R

FEFE S MAE PR ICEF, 2 0bRidh 1-15 %5,
BAEMBNRASL B, AU 80 pL, #
B 5 min, BAFESIN 3AMRACSA . FHTER I
A4 B AR AR B PEOBME , FEH AT
{8, R AR ST AR HERh 07 #2315 i
WS PCT & i, ARSI ILER 6.

R4 RAREBEEREFHHAASHETR

Table4 Result of coefficient of variation fluorescence immune chromatography

Samples Intra-AV G (%) Intra-AD (%) Intra-CV (%) Inter-AV G (%) Inter-AD (%) Inter-CV (%)
A (7.5 pgl/L) 166.22+24.7 8.39+1.4 5.0+0.4 160.46+17.6 9.00+2.1 5.6+0.2
B (15 pg/L) 585.96+51.5 18.78+1.7 3.2+0.3 602.74+64.8 49.70+3.8 8.0+0.1
C(30pg/l)  1254.1+64.3 38.43+2.7 3.1+0.5 1278.76+175.1 81.50+6.7 6.4+0.4
D (75pug/L)  1932.1+#121.4  5571+5.4 3.0£0.4 1 966.20+241.5 88.46+8.1 4.5+0.2
E (80 pg/L) 2734.1+£201.4 76.01+6.8 2.9+0.2 2595.46+321.4 94.00+7.4 3.6£0.3
F (90 ng/L) 3 113.6+£362.4 72.28+4.6 2.3+0.2 3 159.91+435.3 128.73+6.1 4.1+0.2
%5 PCT RAMKFHRBEEENE
Table5 Sability test by PCT fluorescence immune chromatography
Samples The 2nd day The 3rd day The 6th day
A (7.5 pg/L) 297.84+15.13 271.21+1451 267.43+43.17
B (15 pglL) 583.04+23.48 497.92+24.52 253.67+34.46
C(30ug/L) 1265.32+14.67 1210.20+43.62 1187.64+42.18
D (75 ug/L) 1941.54+32.51 1879.36+33.74 1801.32+22.52
E (80 ug/L) 2789.46+22.11 2703.98+51.37 2615.45+61.24
F (90 pug/L) 3139.50+17.56 3098.41+56.18 3007.35+87.53
Rx6 RARBENAZENMBFHFEARALHER
Table6 Result of serum samplestest by fluorescence immune chromatography
FU1 (uglL) FU 2 (ugll) FU 3 (uglL) AVG (ug/lL) PCT (ug/L)
5% 1276.32 138941 1219.86 1295.19 34.45
Sa 2 485.74 536.19 57342 531.78 9.27
S 3 783.48 761.09 675.91 740.16 16.14
S 4 326.74 389.59 412.07 376.13 413
S5 992.42 917.83 1091.12 1000.46 24.73
Sa 6 1568.56 1498.79 1501.43 1522.93 41.96
Sa 7 119249 1101.32 1269.70 1187.84 30.91
S 8 279.37 201.58 295.32 258.76 0.26
S 9 823.98 899.24 776.38 833.20 19.21
S 10 672.45 592.47 623.19 629.37 12.49
Sa 11 174361 169257 1791.34 174251 49.20
Sa 12 1329.37 1396.52 1404.80 1376.89 37.14
S 13 0.12 0.02 0.03 0.01 0.00
Sa 14 0.02 0.01 0.03 0.05 0.00
S 15 0.05 0.05 0.12 0.04 0.00
CON 0.02 0.07 0.05 0.10 0.00
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R T 32 A 28 ] ELISA S5 &4 it i PCT
s v it 22 TR B o R 2, AR A0 45 Wk i R I
WO BE A A ST PR RN 2R, Sl 22 S A it Y R G DN A
B, bRufERRZE o y=0.009 1x+0.321 71, H:
i RP=0.995 85, # 7 &FEAH PCT Wi 4%

F7 ELISA RN ME#ARRER
Table7 Theresult of serum samplestest by ELISA

No. UV (uglL) PCT (ug/L)
Sal 1 0.645+0.003 35.60+0.31
Sal 2 0.402+0.002 8.90+0.07
Sal 3 0.475+0.003 16.84+0.08
Sal 4 0.363+0.002 4.67+0.05
Sd 5 0.549+0.002 25.02+0.23
Sal 6 0.699+0.001 41.52+0.34
Sal 7 0.606+0.001 31.28+0.26
Sal 8 0.323+0.002 0.23+0.02
Sal 9 0.504+0.001 20.050.18
Sal 10 0.442+0.002 13.24+0.06
Sal 11 0.764+0.003 48.57+0.47
Sal 12 0.654+0.002 36.51+0.34
Sal 13 0.065+0.001 O(N.V)
Sal 14 0.066+0.001 O(N.V)
Sal 15 0.072+0.002 O(N.V)
CON 0.049+0.001

M6, 7HELIAEH, Kl 15 Ik
ARGER S R A OO A A, BA—
SEMIARSCNE , A —E M AR S M H S ATy
LT A ELISA R & A I J5 ik B o 7
il PREE, BAE N AATT AR LB RE, KW
AL 1 PCT S J2 M 7 vk B0 40 13 HE 5K
o ABZ5 SRR Y I AL dh A X B B b, 5
TR 77 il LB 5 2 S 2 R M AR A, Bir A% 7
T5 ek R A 5 2k — 22 S IR B

4 Wil

PCT 11— R BLAT B vy 04 45 S M 0 SR A0 Y
Il A2 Wi 2R W0 bm 35 0 01 HL T DU 0 AE R A I IR
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I, B9 E A I R B T I R
P2 A RS SR B,
RINFRICE T, ST 8] PCT (W2t 2
e, KFEFE 0.15-120 pg/L, R AEE 0.007 ug/L,
MR 91%-113%, #HEpv#tEZE 5 R EUN T 0.1,
5 037 H HAth 2 R 5 RN, R, 4 °C
OB AR E M R A, IR ST B DR R
ELISA 7R & UEAT X b, i) 45 S 2 BH R by
H RN 25 SR TC R B 22 5, O HLEAA 5 S A A IS
Bl SEI ) R R R A v A S o [N A g ik
FIF R 3225000 1 O [ 77 F 0 B R BT AS, ARE  AR
fiX, FKAET G LA &Ntk AR T H A2 Wik
R, HAOCKRMALaERE, AR 555 20 min
A BIAT S8 BRI, il RHEE T 1 DR B T R i s
] o AR AR S 1 R AE T 6 07l Lh R Al
XIREA D JAT 154, FEGe it ik Rk Fh s
B, BT Z I R FEAFAT X I . AR DD
R ARSI IT & B 1Eh PCT Il AR FAG I 4 1k 5
TR . PREERRIN vk, XF PCT i H 12 8 &
ek ARG B A 1o FH A4
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