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detection of Haemophilus influenzae infection by using the outer membrane protein P6 as detection target. First, the linear
antigen epitope located in the extracellular domain of the P6 protein (GenBank accession number: AGH02799) was predicted
by bioinformatics analysis. The region (62—75 aa of the protein) with strong antigen specificity was chosen and synthesized.
Two rabbits were then immunized by the polypeptides (14 aa) for production of polyclonal antibodies. Then, the recombinant
P6 proteins were also obtained to produce polyclonal antibodies. Finally, based on the two antibodies, a hovel colloidal GICA
for detection of Haemophilus influenzae infection was established and the specificity, sensitivity, repeatability and stability of
this method were evaluated. At the same time, the method was tested in clinical simulation, and the plate culture method was used to
verify its accuracy. The test strip for Haemophilus influenzae infection was successfully prepared. The detection limit of the test strip
was as low as 1x10° CFU/mL and the whole process can be completed within 15 minutes. The strip specifically recognized
Haemophilus influenzae and did not react with nine of other common respiratory pathogens such as Streptococcus
pneumoniae, Moraxella catarrhalis, Mycoplasma pneumonia, and Legionella pneumophila. And the strips could be stored at
25 °C for at least 6 months without losing sensitivity or specificity. The coincidence rate between the results of 200 clinical
samples and the plate culture method was 90.5%. Haemophilus influenzae protein P6, which possessed a high degree of
surface antigen accessibility and antigencity, could be used as a marker for Haemophilus influenzae detection. The
immunochromatographic colloidal gold test strip which bears the features of rapidity, convenience and sensitivity provides a
unique tool for the on-site surveillance and diagnosis of Haemophilus influenzae infection in clinical test.
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25238) . Mgl 4114 (Legionella pneumophila,
ATCC 33152) filiZk %54 (Mycoplasma pneumoniae,
ATCC 15531), ks (Moraxella catarrhalis,
ATCC 49619) ity 7 2 A O b0 S E
(Saphylococcus aureus) i %4 BR B 1 4% 55 00 % 43
BUE s HoAR R IR e B AT (Klebsiella
pneumonia) . R yEE A (Klebsiella oxytosus) .,
fif] S AN ZFT T (Acinetobacter baumannii) . 4 2R
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R R AR
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FEHIE) N s in 1AE AR5, MZkAsha
WALE R Z IR H4lifh, 4lifb )5 i 2 k5 8k & 1T
KLH (Keyhole limpet hemocyanin, 43+ Ifil % & 1)
81, B PeLine-KLH &A1,
iR 0L FF 7R P6-Hi's fil G 8 1 By 48« B =
T FEH E. coli pET-28a-P6 $:71 T LB 137 5k,
37 CHiFR ZEWOLIE ODegoo=0.6, MIA IPTG AUk
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JE4 0.7 mmol/L, 18 ‘C. 170 r/min i Sad7%, UK
ERTRAA , 7 R S5 G UE A 3 #6417 SDS-PAGE
R JEOHE P R IV 0.45 pm B REHET T
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SMART-LIFESCIENCES 7 F] i PabPur Sulfolink
Beads Z MR RUZMTAL, e BEIL U0 I 43 (36 Bk 5
P6Line. 8 A R4 bSPTIR PR JEL T AR
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EIES UL Y NEY 2187 & R i G 1R e Y A LRI
JEE S, RN EARZ, B OEHT LA R
TR, £ T-80 CHHI.

1.2.3 Z TG R 1 % e
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AR, EH R 19G-HRP R Rghs — 4, i
5 ELISA J7 ¥kl 2 Fhoi ik i ™, 45 5 )
FEE, SIN=RHFRAE N ODaso/ BT B ODaso.
SIN>2.1 JyBHM: o LA SIN>2.1 FIp Xt o7 A 470 1A e i
BAS B M Z B A

AW TR (BLI) R SR JEARiC 4y
M H AR LAY 4 B %t 4B 4k 5 A9 AbP6Line Al
AbP6-His (A4 THLIEHT A E AR A 1R K
PRI F A 3] AMC )R8 |, BEEA S
Wi (P6 EAPUR) MR P Rh A4 &, B
J 435> 1 000 nmol/L . 500 nmol/L . 250 nmol/L .
125 nmol/L . 61.25 nmol/L. #RJ5 ¥ AZ% s
PEATRR RS, AR T AR Hr kA5 2 3h
J15 5%, R GraphPad Prism 7 %4 %o St i
T PRA: N5 G A s i 2o

X F Western blotting Xf #fifk J5 (1 2 Fhpo ik ik
TTY5E B IE H. influenzae B A, 2B FSREIE
B, AP RE R L FTUIE R T SDS-PAGE,
733 H. influenzae G 188 A i HIE FTTVE &R
a7, ¥ Z PVDF R, Wil 2 Fh 2 s bk
SYRIER—HUEE . DL HRP FRICH RIS —
¥i, i ECL b2 KOtk T 5 .

1.2.4 S RPHRgR A &

JEAR G 28 A i 45 . SRR IR AL A
45 40 nm AR S I0RE . B 1 mL 8 I
A4 2 uL % 0.2 mol/L K,CO3 i pH % 8.0,1 mL
R4 FRiC 4 ng AbP6Line, FRiCIFR B L EEE
100 pL, DA 8 pL/em Wik FHIGLF4ERR |-, 37 C
BT EEACE 1 h DAL

o 2 FN BT P 2R ALY B PE G R £
o BB AR 2B 19G 4 BIFR B & 2 mg/mL Al
1 mg/mL, DAL plL/om 3 ik it 4 ) B ASC7E filf iR 41
AWM XL, sl ki e (T k) Fisdssk
(CZk), 37 CHENTHAIE 12h DL I,

G ENTIRAURIAL%E : FRR . S5 A
WK ARG AE PVC SR b, B IIPLEHR AT E]
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B 0.4 cm BYIRARSR, ARG 5 TR EEAERTEIR N
1.25 W07 S HERE

W FE AR AV T4 B4R K (0.85% NaCl %
W), W 150 pL EAERE A E B, 2HT 15 min J5 A
gEIL, # CERM T LI HhBLAAH, W HME:,
o CERA AN H T 4o, WSS R HIE, 47 C
LM T LT, UEIRAUAR AL, SR TERL
1.2.6 R4EFK M B E WA
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H. influenzae. JiliREEERTE S pneumoniae, &N ZE
H T L. pneumophila, fili4é >z 54 M. pneumonia,
FALBEFI M. catarrhalis. 4 {07 %5 BK B
S. aureus, fili & s {ATA K. pneumoniae, 7R 5t
B {AH K. oxytoca. fifl AzfiFFA A. baumannii .
M 2% F LA P, aeruginosa I I G H DL
JEU & # B (10 mmol/L PBS K i 1A ik & #i B
Z 1x10° CFU/mL), %Rt 4 s Sk

RGN K g AT E A 10 mmol/L
PBS /Ml & 1x10°, 1x10°, 1x107, 1x10°
1x10°, 1x10" CFU/mL, LJAEWMEE S BHE 25 5K 1
o {1 TR v A TR A A% A ARG AR BR

FE MEFIE M s 3 AR I
AARHE T 25 CHitifr 6 1, 4F:F% 30 d FBHPEREA
FBAMAEASET TR I, AR FEARI 3 U AW
FRE
1.2.7 AR 125 e R L

FH I ) 28 10 T SV I AT R 1) B AR 4 XA 2 Xt
KAWL ThPEBE LS S BEBERY 200 £35 A AL
TRESLHEATRI, [ P A 3 IR e A ik g
FCR B AR A G0, PEOZ 7 3 1R I IR .
#rH.

2 HER5AW

2.1 FE4H P6 IERIFIF AL
HHTHRAZ PTG S %Kik, BEEIANH
W RIBFHE . R85 R A R e g AT
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V€T SDS-PAGE il sl 1 iR, AlE F2y
FE5yFit 14 kDa kb B FRE 441, 5 R /h—
B, RUARLEYN Pe M, HIA IR, BUE
e By Emaifk, HAR&EH7E 100 mmol/L
DK e e J3E 1) R J A v 4 B R 31 90% LA | (I 1),
7 v B2 I B8 0 VR T 1581 10 mg 4l & .

22 MARBRELIFHRIIMNEER P6 i
KRy etk

AbP6Line £ A FEIEMAL . BREE A4l
ft., AbP6-His 2 A & 1% i 4fifk 43 515 2|
AbP6Line Zii#i{& 569 mg. AbP6-His 4ii 4
268.29 mg, 4lifEiL%] 90%LA I,

23 MARBEOAEIINERER P6 S xiEin
KBS E

FHIE 42 ELISA Pk 2 iRz, 45
RE 2 frs . YA O BRI R R DU B
512 000 {1}, AbP6Line 1 AbP6-His fit) SN {H 43
BIh 4.46, 4.65, ¥RKTF 2.1, WA R FHTESSH .
DAL I P R R 0 7 A A 2 2435 %1 1+ 512 000,

K F e bric 43 A BAE AL A 5 g4k s
f) AbP6Line Fl AbP6-His Hi /4 47T HT J5i T 14 4

kDa M 1

97.2
66.4

2 3 4 M5 6 7 8

443

29.0

20.1
rP6-His

14.3

Bl PeHisREERMESRERMHER

Fig. 1 Expression and purification of recombinant
protein P6-His. M: protein marker; 1: negative control; 2:
recombinant P6 expression after 4 h IPTG induction; 3:

supernatant collected from ultrasound disrupted E. coli; 4:

precipitation collected from ultrasound disrupted E. coli;
5: penetrating fluid; 6: eluent with 20 mmol/L imidazole;
7: eluent with 40 mmol/L imidazole; 8: eluent with
100 mmol/L imidazole.
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2 [B¥E ELISA JEME AR M

Fig. 2 Determination of antibody titer by indirect
ELISA. (A) P6-Line complex protein antiserum titer. (B)
P6-His recombinant protein antiserum titer.

HAER IR, g5 UL 3 R 1. LT &
W, 2 PR SPURA EAER, 4558 EoR A
AR A¥E 10° L E, AR Em AT &
K ff 9 i B R A 4 (kdlis) R4 380% (kon)
FUAl, s siRAE 10°%, BLHHRHIRSS 51518
FRE, MRS EEOR/N, Ko 8 1T Ko B8N
PSR H BAE ] T #ss ; RP>0.9, BilMIl4
M 55 bR i R A s, B A e s i
W15 2 FPBTAR A B AF B SRR T o

Western blotting % & AbP6Line 45 % ILIA 4,
VKIE 1 FIYKIE 2 76 17 kDa LA T 34 Y Bl — 4% 38 i 4%
W, 5 Hi RIRRME N P6 95T (29 16 kDa)
W4, HEA HAL 2, R AbP6Line BEWS = 4y
SRR AR Hi H
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A Ab-P6-Line B Ab-P6-His
[ ; 81 — 1000 nmoL,

~ ~ — L

2 — 1000 nmol/L 3 500 nmol/

) — 500 nmol/L = 6+

g 21 250 nmol/L g

£ ~—— 125 nmol/L £

=t —— 62.5 nmol/L =

- 7

§ L é :

= &b 2} : — 250 nmol/L

« : —— 125 nmol/L
g : : — 62.5 nmol/L
0 100 200 300 400 0 100 200 300 400
Time (s) Time (s)

3 HEWETHEAK (BLI) MK FEMAN
Fig. 3 Detection of antibody affinity by Bio-layer interference (BLI). (A) AbP6Line binding and dissociation curves.
(B) AbP6-His binding and dissociation curves.

F1 EYMEREFHEA (BLI) BMEELS

Tablel Dataresultsof Bio-layer interference (BLI) test

Concentration (nmol/L) Response Kp (mol/L) Kon (1/Ms) Kdis (1/s) Full R?
1 000.00 2.8918 3.77E-08 6.04E+03 2.28E-04 0.996 8
AR 500.00 15194 4.99E-08 8.19E+03 4.09E-04 0.998 8
250.00 0.9749 6.29E-08 9.46E+03 5.95E-04 0.998 5
125.00 0.636 9 2.65E-08 1.10E+04 2.92E-04 0.9910
61.25 0.379 2 4.44E-08 9.90E+03 4.39E-04 0.997 4
Concentration (nmol/L) Response Kp (mol/L) Kon (1/Ms) Kdis (1/s) Full R?
1 000.00 6.558 4 9.70E-09 2.38E+04 2.31E-04 0.994 5
AR 500.00 4.856 2 1.18E-08 3.03E+04 3.57E-04 0.9919
250.00 3.8918 1.03E-08 4.58E+04 4.72E-04 0.9875
125.00 3.3716 8.42E-09 4.95E+04 4.17E-04 0.991 8
61.25 2.807 2 6.28E-09 7.03E+04 4.42E-04 0.990 8
1 2M  kDa Western blotting % & AbP6-His %5 % Il [& 5,
180 TKiE 1. 2, 37F 17 kDa LA F HBLAA, AT
—130 N N .
| BN UKGE 1P A Pe-His TALE 1T (2
- 7 SN N .
55 14 kDa), ki 2.3 N Hi KX P6HE I (% 16 kDa),
b F W] AbPG-His 5L K 2 Hi Hilsi.
—34
—26 24 FFEMENE
o 00 i J R I AT AT AR AR A%, C R T 48y
P6 —17 UL SR B s A O U S L 5

Wi S 4EBREE S, pneumoniae. T A1 B
B 4 Western blotting ¥ AbP6Line A, BRI S p R

Fig. 4 Identification of AbP6Line by Western blotting. L. pneumophila, fili% 32 J5i1& M. pneumonia, At

M: protein marker; 1: supernatant of H. influenzae after BRI M. catarrhalis. 4 6 445k S aureus.
ultrasonication; 2: recipitation of H. influenzae after . . _ N »
ultrasonication. fili & 7 FAA T K. pneumoniae. 7[R v T A 1

http://journals.im.ac.cn/cjbcn
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K. oxytoca. fifl & ANaFFH A. baumannii . fi4k{
HHUEE P aeruginosa kel 45 R A (K 6),
. BH T P L SRR I A TR ARSI S AR A B R Y

FEStAE

Bl 5 Western blotting ¥ AbP6-His

Fig. 5 Identification of AbP6-His by Western blotting.
M: protein marker; 1: recombinant proteinP6-His; 2:
supernatant of H. influenzae after ultrasonication; 3:
precipitation of H. influenzae after ultrasonication.

T line C line

B
ﬂ. uﬂ I l H. influenzae
. |

B 6 RBELHERAEAERERMREKFNESY
Rl

Fig. 6 Specificity test of H. influenzae colloidal gold
immunochromatography strip.
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25 REHENIK

YEEAR R ER B E 1x10° CFU/mL 5, T
2k Bl — SRy, RS RRRE AU TAS
W, ANAE C 2k L BRLTHy , LI AT F Y
EESRRRR A, IRACA A HBR A 1x10° CFU/mL,
LA 7,

26 REMFMEZMEMNL

Rk 4k BT 25 Chififr 6 0 H Ja U, X
SR AP R AT AR, U S A R AR A
KA, HAFAT SRR A R AR E o

2.7 T IEERE RSN SR

2017 4£ 11 H % 2018 4F 2 H Xt & dh v 2
455 BB N BB R AL R 200 1739 A KT i
PRFES, QiR 2, SR BT il 4 00 I 2 Vg I A 7R 1
TR AR AT, 25 2RAG 57 iy BHPEAE G
AR SR A B BHPERE 5 Ry 63 4y, A BHVEATF
A # R 90.5%,

3 it
S R I T — o T 3 A A TR IR
PRI RO Y, HEEEORE Y Hib A

T I Ay

E7 SRR S il EAT LS 0 R S R
Fig. 7 Sensitive test of H. influenzae colloidal gold
immunochromatography — strip.  1-6: represents the

concentration of H. influenzae: 1x10° CFU/mL, 1x108CFU/mL,

1x10" CFU/mL, 1x10° CFU/mL, 1x10° CFU/mL,
1x10* CFU/mL; 7: negative control.
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xR 2 ERE
PRGN 45 R
Table 2 Preliminary clinical test results of Haemophilus
influenzae colloidal gold immunochromatographic

MAF &R A E & BT RFRI T Is

test strip
Test strip

Positive  Negative Total

sample sample
Positive sample 57 6 63

Culture )
Negative sample 0 137 137
Total 57 143 200
Positive coincidence rate 90.5%

NTHi*, U, & H TG 0600 P FhAS [) 37 ek
g LA BT AR 0 9 T r TS, R R B, P6 25
SRR PRI E A, A H. influenzae

HRRIEIA KL, HEAR R )ik RE
PEANFE A ) B T R R Y, BLAE— S R A h

[15-16]

P6 £ 117 41 Bl 5L DR P 91 FL A i B LR~
K A B 54 2 LA P6 2K 14 R H. influenzae i
NEAR L8

TEAMF GRS, Wl EYE R F ik P
E AN #ﬁﬁﬁéi%%UhE&%%,Lﬂa
i 14 ASZIEFR T 9 AL JE KA R Btk 2k
PEBUR, SRR EIRBTINTG , 24 A E A Efmaifk
e R A R B aibeiA, [ ELISA ME R
¥1iA% 1 : 512000, His A A (BLI)
YO E YA B 25 F1 77, RIS Western blotting %5 5E
H 5K H. influenzae Bt 545 G5 kR, 4500
B— R BT EHUR B RCR o B AbP6Line 1E R
EFRPUAR . AbPE-His E AT RPLA, T RETIA
e, il s E TR AtAc, ﬁ&ﬁ%i
TRORE R S, AL, AR S50 ] A 1 ek

AT T M AR 45 1K 6 2% AP Al G 77 05 [ g %o 200{53‘
I PR i R AT A I, &5 2R 9 3 AR AT 5 R0

90.5%. AW 5T 7 1 AT Je 0 928 )2 BT v 1l 7
15 min WA B ZE A, AT H AL G ke
I IMAFF R, HADTGEE. fifE, Fie. R
TR, RSB BRI &Y 5 1438
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WA, RTHEATIRZSAGIN , U HGE T B8 B vl W i
Y N SE 2T, A B TORE RN S MR
57, AR TRRbUAE RN, BAT R
I R 5
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