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Abstract A type of newcastle disease virus (NDV) immunosensor based on 81° tilted fiber grating (81°-TFG) is
proposed. The basic principle and sensing properties of the 81°-TFG are briefly analyzed. Staphylococcus aureus
protein A (SPA) is used to modify the surface of 81°-TFG, and then highly purified NDV monoclonal antibodies
(MAbs) are immobilized on 81°-TFG surface through SPA molecules. Finally, the NDV immunosensor is
successfully developed. The experimental results show that the immunosensor has a lowest limit of detection to
NDV of between 0.1 ng/mL and 0.2 ng/mlL, gets saturated at about 1.0 ng/mL, and has good linearity with R* of
about 0.982 and sensitivity of about 342 pm/(ng-mL™ ') in the concentration range from 0 to 1.0 ng/mL. In
addition, this immunosensor shows good reusability and high specificity to NDV, and can also be used in clinical test
for NDV. Compared with the traditional biochemical methods such as immunofluorescence technique, enzyme-

linked immunoabsorbent assay, this technique proposed in this paper has the advantages of no mark, simple
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operation, fast detection.
Key words fiber optics; immunosensor; tilted fiber grating; newcastle disease virus
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Fig. 1 (a) Light coupling mechanism of 81°-TFG; (b)micrograph of the tilted fringe in core region of 81°-TFG
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Fig. 2 (a) Polarization correlation spectrum of 81°-TFG in C band;

(b) transmission spectrum within all-spectrum region of 81°-TFG
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Fig. 3 Diagram of experimental test
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(b) 4lifk NDV-MAD ) SDS-PAGE % E 45 ; (¢) NDV-MAbD [ Western-blot % 5 £5 ;1
Fig. 4 Preparation and purification of NDV-MAb. (a) Purification of NDV-MADb by protein A affinity column;
(b) SDS-PAGE identification of purified NDV-MAb; (¢) identification of NDV-MAb with Western-blot
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RN 1020, oK CBERL D B 6ME 40 min DLAE G 3R A s B 3 A (— NH,) & B 17K R e K
S VEOCM R T 2 I 7R SPA A3 8 ik ot Ak O 2% T Z AT, ok TS AR ] EDC/NHS K & i ik
SPALIEAL B AR R R 2 10 pL Biig 4 4 mg/mL #y EDC.10 pL Fiit & N 7 mg/mL ) NHS,
48 pl JREHRE A 5 mg/mL ) SPA 132 pL JREWE N 0.1 mol/L Ay MES Z& whi . SPA 253 R HELT51k
15 min)5 Jl MES % th ¥ % B %2 0.3 mg/mL, HI T 6 % ik e AL G S B 4 hs toad 72 o, SPA (9 92 5
(—COOH) 5 fif: e Ak o't M 9 T A 0 B (— N HL )i o ot i B 1 B 3R B 25 . SR U5 PBS 22t i Bkt
MR T 22 Uk, DL BRI AT S0 2R mi i & LI A (— NH) KA &5 5 19 SPA o0 T 8 TIEBIZ 7 B g
FECEF R M B AL SPA 70T )2 78 LA b 3R AL B B o, [R] ) A B LA AR o BRSO 2, v — i R
HBJE B IEET R AR IC S8 FURZEOE R (FITCO) 1Y SPA #H47T £ B &0t 2 W K k2 )5 B AU GE btk
HEEFFT SPA (Biic FITCOME M i 096 £F s AE i AT 0 200 0981 E 28 % W 388 (Olympus Venox) T i
FF LI L 3528 20 AN B 5 Ca) L (b)) FF 7R 5 ] DL B e Ak 6 21 32 1 B AT 38 % AT AT 2 % L 1 SPA &4 14 ' £ 26 1 3%
KT B RS BB M 7 B BRAE AE AT R — R FRE ) SPA 43 T2

e 4

K5 {8185 WS L. (ORI (W) SPAGRIE FITO Bt 19 6 4F
Fig. 5 Micrograph of fiber observed under the inverted fluorescence microscope.
(a) Silanization fiber; (b) fiber modified by SPA labeled with FITC

)5, F PBS 2 ol i Bd il B B2 R 0.1 mg/mL /) NDV-MAb %W, 35 F iz s IR il 458 SPA &
M B EHE 40 min, 7E MR AL AR P NDV-MAD (9% Fe i 57 ¥ 5 SPA 43 7 10 £ Ik 5% A1 % 4 ; F-06 ] PBS
2% o TR G TR DL B LR T R 45 5 1 NDV-MAD 43, B 2 3t NDV H A 5 5 VA6 I i 1 1
81-TFGH AL s . Zoied LA b e T A 33k B, D' 2 3 T 1 fh 27 Bl 422 L 81 6 () BT

DL b T B 1 A A B B 3 TR Y SE 5 R SR 81°-TFG 9615 (PBS W IR 58 ), 45 5%
WK 6(b) ff . A 0L, AR SE M (bare) | % %¢ f£ CAPTES) . SPA & 1fii ] NDV-MAb [& % , & 4~ 4 B
S1°-TFGHY IR I K AT Tl — A B A A 4 T AR A B EIK KL K 0.385,0.255,0.210 nm, X &
F T A% B 28 3 T8 1S 0 AS [R) J2 B8 14 43 - 2 s, G A 23 85 1) A 280 3T 5 2300 38 K T M 1 RIS B0 S 1E A
I S BOB IR I K 208

(@ | | | -18.0f () — bare 1544.830 nm
I ! ! — APTES  1544.985 nm
HSO, _APTES | SPA | NDV-MAb ieE — SPA 1545.240 nm
i i I £ —— NDV-MADb 1545.450 nm
| | i —<Fab a
Ty . 1 Fe ©-19.0
O.F <|3 w =
O— 81 —(CH)-NH—_CHO}—==—® _$ 5195
S k2
o g TSI . v ,Qj %-20.0
= 1 -20.5
“:: link dissociation
-21.0 . . . L
«@<SPA -<{NDV-MAb @ NDV &7 non-specific antigen 1543 1544 1545 1546 1547

Wavelength /nm

K6 (a) el 2w ik A EAL ] s (b)81°-TFG 2% i1 Ab ¥ a2t 72 119 O 33 725 4k 1]

Fig. 6 (a) Chemical link mechanism of fiber surface; (b) spectrum evolution of 81°-TFG in surface process
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24.0 ng/mL. RHE 3 Fim iS00 R G0 WA B S AT L, B R 2505 0.3 mL 9 NDV ¥ Wi T4
FEI S AN81-TFG I R . fF 6% # T A 2 )5 FH PBS 28 wh i b 96 ' 41 26 1t A0 2B 1k 52 7 28 L, P
1 mLAY PBS & ol % o I 8 55 8 81°-TFG, JfFid sk HAE C B TM BEa il 2518 T o, SLmm &k,
B2 BTN NDV % 9 A0 ¥R B 45 9% B9 38 1 (0.1 ~1.0 ng/mL) , B UK I B} % 8% 2% 56 3 ik 31 s IR A5 r 7 2
%) Bsf ] 4, 728 9 4 4K (5 min 30220 min) o 3% 2 PR R 8 vk B AR 400 NDV IS 81°-TFG RIMA H £
FINDVHLE S 55 S 256 B DL AR 20K Y S e S b i ], SE80 75 3] 81°-TFG fo P 1% % 2% 19 6 1k i
NDV % 8 5 S5 AR AL Q& 7 Ca) TR 6 07 B 8 3 0 B 1 B A8 fb sl 7 (b) TR .

~17.5[ () — NDV-MAb B ® | ngmL, ~24 ng/mL
N —— 0.05 ng/mL 300+ - experimental
-18.0 — 0.10 ng/mL g 0.6 ng/mL linear:Y=342X
) 400 ;
E-185 — 0.20 ng/mL S0 - R?=0.982
3z NN — 0.60 ng/mL 2 900l 5 £300
o Wy — L00ng/mL 2 @ =)
£-19.0 A\ v < < 5200
2 \ 24.0 ng/mL 5 150+ g
219, A = 2
190 £ 100] S%100
-20. L A
5200 £ 50t - 02ngml 9655040608
& 205 0 - 8(1)E?g/gr/nLL Concentration /(ng- mL™)
I >0.05 ng/m
-21.0 ) . . . . _50 NDV-MAb ) . . .
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Wavelength /nm Concentration /(ng-mL™)

B 7 ()RR %% NDV 3T 81°-TFG oyl 5 R 3 WG A8 1k s (b) X 17 19385 1% 0 1 28 1k
Fig. 7 (a) Spectra of the 81°-TFG immunosensor under NDA solutions with different concentrations;
(b) corresponding wavelength shift

H 7 AT 0L MR EE R 0.05 ng/mL B NDV %, 15 8% 2% 1918 IR 06 1% e A R & AR B fiE#% . 524 NDV
BRI 5338 0.1 ng/mL Al 0.2 ng/mL B, PR EIESH) KA T 15 pm Al 45 pm L H, 1] ILE B H
DA 7 81 S D 388 A 00 15 22 Y TR A £ 5 pon s #0029 8 A R A 0 BRI AR BR A T T AE 0.1 ~0.2 ng/mL Z
B, XS TS5 il H A R 4B NDV [ 43+ f8 =35 60 kDa, Q1 EL 4 (o) Bz, PRI S 56l 3R 18 7 NDV-
MADb 5 NDV {0k A= i 2t 1) R 55 1 25 6 B gl B 0000 8988 4R D 3 i 20 88 . A, 24 NDV % R 19 ok B2 o
1.0 ng/mLAl 24 ng/mL B, i HRGIE A L0 5 B A AH TR (431 8 325 pm F1 335 pm) . 3X 42 B TRl E KK
A BE A NDV %90 B A5 0 38 K, et R e g X NDV $TR #1748 5 1455 19 NDV-MAbD 4+ F 1Y
“Fab i f7 8048/, BE 0 TR, R 1% 5 A2 AR X NDV B9k AR F s 1.0 ng/mL., B4
SPA & AEFE S PE 45 & 238 B — 8 B M R R T BB 5 PR A A R AR RS A 4 A PR 10 R SOk
THARRER ) MBI FREER R, NDV E2RKSFhili, H F & A5 FR®2°0 60 kDa, W& 4 (o) fir
N I TE AL P Z A F 45T . 5 NDV-MAbD 454 1 NDV 1 &2 22/ F /Ny F Ry g & P &, X i
A AL AR A DI Y AR 5 R JE P . %R 7(b) 1 0~1.0 ng/mL B NDV ¥ 5 X 3k 6 P04 L
PR A (1T 7R o T A 0% R B Y PR N AR SRR 1 R 2R 342 pm/(ng » mL ™) (RMEE R* 250 0.982, £ IH %6
W 0 3 A e A LA I3 Bl N LA R A ek
4.2 REAEREBFRNFERENK

SE NDV WA Z J5 . 8 T 2Bk 81°-TFG e 4 4 R i A8 M 45 6 19 NDV 431, 5 ez i 7
S A7 9 (G AEE M 20 mmol TrissHCL pH 2R 7.3~7.5, %01 150 mmol NaCD) H 354 3 AMAFR , 1 3E I
CGEMPERL K 0.2 mol Gly-HCl,pH 2}y 3.0~3.2) Wit 6 ~7 ¥, AW CEFIFAEWCH 5.8 mL/L Jo/Kfig
R, pH A 3.007EE 3 K. SRIE KL RS S T7E PBS % b A I 6 3%, 25 R 0 HAE C B TM L1 %
PP L 1545.250 nm, 555 1 R MAL I h SPA &4 5 BB IR I 1545.240 nm FEA —F, 4 &1 6 (b) Jir
X UL F NDV 3 I 2 )5 A8 Beds 42 DL b i A B %, FLR T A9 NDV-MAD 43 F 0 A E R
P9 e 5 7 [ 72 1 SPA 43 F 2 i 25, an &l 6 () it . e s BT MR BE ) 0.1 mg/mL BNDV-MAD i (PBS
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S v D RV EME 40 min, 15 PBS 28 ol Al 22 5 1 ACK B IS VE 2 K5 L AE PBS PREE T R I R R
K B AR HEE RS o, 25 RN E 8 14 Step 2 i, HABIRIERK A4 T 0.29 nm WK, 555 1 K I# % NDV-MAb4r ¥
I A AR A 20 B 1 (0,255 nm) 4824, ] NDV-MAbD & 557 50 [ 2 TOCMER T 0 SPA 4+ 2.

0.6r

NDV A
allantoic fluid
0.5
reusability | specificity and

EO 4+ experiment : clinical experiment

£0.

&

= NDV-MAb

703} e PSR

e x a

£

£0.2 AIV allantoic ~ NDV-blank

4 fluid allantoic fluid

&

20.1

0f &——SPA
1 2 3 4 5
Step

8 81°-TFG S ff Il i o FI M | ok S P AR 1 AR P 00 3K 9 008 I Bl I A2 Ak

under the reusability, specificity and clinical experiments

4.3 NDV H945 B 1 R I AR i

Dt FHE R E € T NDV-MAD 43 (19 4% gk I 25 3 8o 28 5 (R ATV RO R & NDV 1%
B JER R NDV 25 [ RO » B K W 30 min J5 8 F PBS 28 wh A 25 B 7 /K vk 2 W, 330 S 1L IR
I PBS MR FHOLIE . B FIRER T EAFZ HAAEY /> F 22 B Can - 248 1 E WL A 45 , SPA 43
T AE 0 5 HoAth 2 FloRS B DU 45 A PR IE 330 T A A I A5 TR A BE A% 56 52 1% NDV % 15 IR A8 X NDV $t
25 A B SR L 8 BE A M AL IR SR IS ME SPA 2y TR E L8 NDV-MAD By “Fe {7 #1758 A .
R 25 SR N & 8 /Y Step 3 Fl Step 4 B, AT L33 W5 4> 25 B8 v A% 2% 485 1 188 IR 8 A X T E108T 181 8 NDV-MAD
53 F A BR CHI Step 2) B9 ARAU N 25 pm, 55U I8 2 58 1952 2238 [ AR Y, ATIA R R B A GG L0 . ]
W, 1% NDV Gl L Bas Xt ATV IR A NDV 25 [ R 3 W08 A AT Ao 45 & e 51 19 B8 1, [5] Bk 35 B 4
0.1 mg/mL B NDV-MADb # & 68 2O ML 8 4% . 2 LUK LR SPA 7r 78 23 .

2 fff FH 2 A I 2 00 2 3 3 5 R T 19 NDV s 5 S5 (B NDV R0 . K5 ik ml b 25 - aniEl 8 1Y
Step 5 /R, AT DA% R 1 18 4R I AR X T F08T [ NDV-MAD 43 F 195 38 (B Step 2) 4L T 0.28 nm, 5
B 1 YR Y v A NDV ¥ (1.0 ng/mL 1 24 ng/m) WL (551 R 0.325 nm H1 0.335 nm), W&
7(b), {HRRTH ML R 5 H AKX 2 T NDV JREER P & 44 NDV Sk 25 . J8@ T Il ARSI ifif 22 5 A
WM NDV J& L aifb 5 10, &8 sl E PR & A .

5 i iE

TE I —Fh T 817-TFG ) NDV G fZ 2, /041 1T 81°-TFG A J8 2% 11 55 4% 5t 31 R A% JRe 4
X A 2 TR AT AR AL T R A A B AR IR 2 DG £F R Ak Be b L Ak SPA R E NDV-MAbD 3 55, H
H SPA 433 ok He A 5y 3 ke 2 A b 3% L A I AN [ VR B AR Y R 4 NDV O R A5 B
PEAEIRAR T NDV M R AE 0.1 ~0.2 ng/mL Z[8] &M A1 5 208 1.0 ng/mL, 7 0~1.0 ng/mL i [
WEA B PERE (R ~0.982), RELE LK 342 pm/(ng » mL ") 5 FH e il 5 2 JB0 8085 6 M 35 1 A9
NDV-MAb 435 SPA 4F (3% Bz Wi HF , 3 8 [ 72 B i) NDV-MAbD 407, SC 80 T 4% s B 4f 19 m) 55 52 )
M. X ATV JR$EW NDV JRFEW 2 FAS[R] 0 & 28908 22 5 A NDV 25 R 28 W E A7 %) LA DU, &5
FW ZAL AR T NDV LA 5 B 10 R 5 1 FLR B0 7 I AR L FH 19 7K SF  HLAT b e 45 A 7 4 e i G ) 45
PR SR FH A MM 2 T Ak B ) 325 b vl R FH S/ ARG 00 At 25 78055 B 17 8 5 AR Sk A R mT o A R 1) e A%
AR AT .
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