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Abstract : Long period fiber grating is a kind of passive optical device which is sensitive to the surrounding en-
vironment. Owing to without retroreflection, high sensitivity to refractive index, miniature size, easy integra-
tion, immunity to electromagnetic interference, non-corrosiveness, without the need of reference electrode,
long period fiber grating based optical sensors have attracted much attention in the field of refractive index
sensing. Since Bentley research group first used long period fiber gratings to detect antigens in 2000, long-pe-
riod gratings have made great progress in the detection of biological substances in recent years and have been
utilized for the detection of many biological substances such as antigen-antibody , bacterial viruses, proteins,
DNA, enzymes, nucleic acids, and so on. In this paper, the research progress and applications of long period
fiber grating in the biosensing field in recent years are summarized and reviewed, and the future development
trend of long period fiber grating in biological detection is also prospected.
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1 Introduction

il =

Photon biosensors have developed increasingly
in recent years. Especially LPFG ( long period fiber
grating) has attracted much attention in the field of
biosensing because it has many general characteris-
tics of optical fibers such as immunity to electromag-
netic interference, non-corrosiveness, small weight,
miniature size, easy compatibility with optoelectronic
systems, etc. as well as unique advantages including
no retroreflection, low insertion loss, wide transmit-
ted spectrum bandwidth, high sensitivity, etc.
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LPFG is a passive optical device''’ which is
made from periodic refractive index modulation gen-

erated by carbon dioxide laser, ultraviolet laser or
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femtosecond laser source axially on the fiber using
the tools and technologies such as photo mask, arc
discharge, distortion, etc.
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The transmission spectrum of LPFG is affected
by cladding and surrounding environment extremely
easily, so it is sensitive to the refractive index varia-
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. . . [4- . .
tion of environmental media**’. In comparison with

the extensively used SPR ( surface plasma reso-
nance) sensor, the LPFG sensor doesnt need huge
prisms, rotary devices and deposited metal films, so
that the LPFG sensor has very compact structure and

low cost and can achieve more accurate measure-

[6-9]

ment. As reported by some references , In com-

parison with other optical sensing devices such as

Bragg grating'*"*' | Fabry-Perot fiber "', microring

[14-15]

[16-19]
resonator s

surface plasmon resonance s

2021 . . »
2021 micro-nanofiber coupler' *’ |

nanowire array
etc. , LPFG has unique advantages such as higher

sensitivity etc. Therefore, in recent years, many do-
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mestic and foreign researchers attempt to combine
LPFG with bioactive materials for use in the detec-
tion of biological substances. Since Ashish M Veng-
sarkar et al. made the worlds first LPFG in 1996,
through over 20 years of development, LPFG has
made great progress in the detection of biological
substances. LPFG has been utilized extensively in
the detection of many biological substances such as
DNA, en-

zymes, nucleic acids, etc. , and has become an ad-

antigen-antibody, viruses, proteins,
vanced biological detection tool in the biosensing
technique field. The following chapters and sections
mainly describe the progress of application and study
of LPFG in biological detection and look into its fu-
ture development trend and prospect.
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2 Fundamental principle of LPFG in

the detection of biological sub-

stances
K JE B A e AR AR I A 4 4 &Y
AR

LPFG achieves the detection of biological sub-
stances through the refractive index variation caused
by inductively adsorbed or immobilized on the grat-
ing surface. The fundamental principle of LPFG in
the detection of biological substances is as follows
through periodic refractive index modulation in
LPFG, lights are coupled from the forward-propaga-
ting fiber core basic mode to the equidirectional-
propagating cladding mode, and energy is trans-
ferred between modes; after a certain propagation
distance of the lights coupled into the cladding, due
to the factors such as scattering between the cladding
and air interface, fiber bending, etc. , the cladding
mode is converted into radiation mode and quickly
attenuates so as to result in part energy loss; thus, a
series of resonance peaks of specific wavelength can
be observed in the transmission spectrum of LPFG.
The matching conditions of coupling between LPFG
core basic guide mode and equidirectional-propaga-

ting cladding mode conform to the formula'®’ .
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Where A,, is resonance wavelength; n. . and

ni{f",)dadding are the effective refractive index of core
guide mode and first-order m-degree cladding mode

is the function of core refractive

core

respectively; n

(m)
cladding

index n, and cladding refractive index n,; n is
the function of cladding refractive index n, and envi-
ronmental medium refractive index n;, where n, <

n <n;,ny < ”;T,)uladdmg <n,; A is the period of

eff, core
LPFG. According to the above formula, the variation
of environmental medium refractive index n, will re-
sult in the variation of nii}"’lmdm% and then cause the

variation of resonance wavelength A,. According to

m*

specific biochemical reaction and the variation of

resonance wavelength A, , the type and concentra-

tion of the biological substance to be detected can be
concluded, thereby achieving the detection of bio-
logical substances.
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3 Application of LPFG in biological
detection
K& 0 A S A A el 7
9 R JF)

3.1 Application in the detection of antigen-an-
tibody molecules
ERRFE S FHN 77 8 R A

Bentley research group'®! first used LPFG as

biosensors, who firstly carried out monomolecular
layer amination modification on the LPFG surface
and then immobilized antibody through glutaric dial-
dehyde coupling to detect antigen Human IgG. The
detection range was 2 — 100 pwg/mL. After continu-
ous 5 times of use, 85% of initial signal could still
be reached. However, the detection limit was 700
pe/L, so the detection sensitivity was low.

Bentley ffF 7 41> 45— YO 8 1 62F e it
FIVEAE IR IS , A B S A A U e e i 2t
FrE oy IR R HAE M, SR )5 S I 056 i 5
P, HATYUR Human IgG G0 o G007 FE
2 ~100 pg/mL, 7EEZEEH] S W, /5 HEIS 24
IG(E 51 85% o H I TR 700 we/L, fF7E
R S AR A

Kim et al. '’

carried out sputtering of silver-
plated reflective film on the LPFG end face to detect
antigen-antibody interaction. After encountering a
silver-plated film, lights are reflected, and thus in-
terference fringes were generated in the LPFG.
When the antibody immobilized on the grating sur-
face was of interaction with antigen, the refractive
index of the film will change so as to result in inter-
ference fringe shifting. Based on this, antigen was
detected. The assembled PAH/PSS film was used in
anti-rabbit IgG detection. With anti-rabbit IgG im-

mobilization, resonance wavelength was shifted by
0.55 nm.

Kim 25 N2 e K ST 391 6 it 18 0 S5 9 4
SIS, JH T E PR TR AR AR . 08 3]
PR R R WS, 7E RS WD e = A T
WS € TR I ST 54050 A4 H
I B Z PR R A AR, B T AR BB Y
¥y, LAp ke M i it 7E41%E T PAH/PSS i
Ja T 1eG ORI . B BT TeG B E,
IEIRPCR A 1729 0. 55 nm,

Through coupling of LPFG written in PCF with
optical collimating flow cell, He et al. "> developed
an optical fluid refractive index transmission platform

used in label-free biosensing and detection of anti-

mouse IgG. Such LPFG-PCF system has ultra-high
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sensitivity to the refractive index variation caused by
Model

immunoassay experiment is conducted in the PCF

partial binding in different solution media.

channel through a series of surface modification steps
including PPAam hydrochloride monolayer adsorp-
tion, immobilization of anti-rat BSP primary MCAB,
and interaction of non-specific goat anti-rabbit IgG
(H + L) and specific secondary goat anti-mouse lgG
(H + L) antibodies.
LPFG-PCF resonance wavelength, the process of ad-

By measuring the shift of

sorption and binding of these biochemical materials
in the LPFG surface has been monitored in site. See
Figure 1 for the shift of resonance wavelength of the
LPFG-PCF at various surface events. As shown in
Fig. 1,

caused by the adsorption and binding of monolayer

remarkable resonance wavelength variation is

materials on the LPFG surface, and the wavelength
of biomolecules adsorbed/bonded per nm thickness
is about 0. 75nm. This indicates that the LPFG-PCF
biosensor can be used to detect monolayer sensitive
surface binding and has a very large potential in bio-
sensing and evaluation.

He 25 N\ 205 AT S G 25 i 0
%W%%MYEEE’J%@W@%%,F&T*ﬁFﬁ?
TobmiCE R e 2 AR I B R e = 5, 1
THUM 166G BIK 75!] o X A T &
PROCEFAR XA R O 50 B R a5 B s 1
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Fig. 1  Shift of resonance wavelength of the LPFG-PCF

at various surface events
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Coupling of the forward-propagating fiber core
basic mode to the high-order cladding mode near the
turn-around point is a strategy for enabling LPFG to
have good biosensing performance without need for
additional coating ( except the sensing layer and se-
lective biological layer deposited on the fiber). The
turn-around point refers to the point in the matching
curve under the specific cladding mode of LPFG,
where two resonance peaks of the same cladding
mode are merged into a wider resonance peak. The
LPFG with resonance peaks near the turn-around
point has the highest sensitivity and can achieve high
sensitivity detection of biological substances. Chia-
vaioli et al. discussed the modeling and fabrication
of turn-around point LPFG and built a new label-free
biosensor based on turn-around point LPFG. The re-
search group deposited Eudragit 1100 copolymer on-
to the LPFG surface,
lization of immune globulin G (IgG) for LPFG sur-

carried out covalent immobi-

face functionalization, and then conducted IgG/anti-
IeG biological assay along the grating area and dy-
namic analysis of antibody/antigen interaction'”’.
In order to highlight the proposed improved immu-

nosensor, quantitative comparison was conducted be-
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tween turn-around point LPFG and non-turn-around
point LPFG. In addition, the actual feasibility, ef-
fectiveness and detection specificity of turn-around
point LPFG were verified by detecting complex hu-
man serum, and the detection limit in human serum
reached 70 pg/L(460 pM) **/,

5 1 1o 12 i ) £ S BEASER 15 3) S  HL R
8 e B 0 JE A U S B 7 A A U 2 (DR
JGET b A 2 AN e PP AR W R BR AP ) T K
BDCHEEA AT A UL R RE R — PP . B3
SOEARAER T EL e (0 JZ BT i9AH
DC e i 2 18 5, TE AT AR R A=A
ARG S R — BT AIRIG . I PRI E
et i B ) R O R U R AT B v 7 R A
JE, R LA S B6H A Wy W T e R AR Chia-
vaioli S AT i 1 T J0 ' A s A A0 ) i 2
A7 7 0HE M T T AT K A DA A B Y
TohR % 065 A A% A o IZWE S H Eudragit
L100 JLIRPPUURAE R JE et 2 i, B s 64
TERPEIRE E G (1) (KR et 2 m TR fL ,
IR SERE I VA X I LG/ BT 1eG A= i I
P/ SR AR RN ) S 2000 R T
Jr it PRy ROt 14 S e A AR T 0 AL, X B 3T R
VBB R | S 2 T N PEL oy ) i T =4
8o FEFIRIN A A4 i) N LB TE B T 4T mi < 40
SO AR W A2 SRS 1 S o T A 1 A S8 R ARG £
R M, LR N L PR A I R ik ) 70 pwe/L
(460 pM) ™,

Chiavaioli research group also proposed an eva-
nescent wave optical fiber biosensor based on titania-
silica coated LPFG, as shown in Fig. 2. The re-
search group deposited a layer of titania-silica film
on the LPFG surface using the dip-coating technolo-
gy. The thickness of the film cladding was adjusted
and the refractive index sensitivity of LPFG was im-
proved by changing sol viscosity and extraction rate
during dip-coating. The research group further used
methacrylic acid/methacrylate copolymer for LPFG
surface functionalization ; afterwards, mouse IgG was

immobilized on the LPFG surface to detect anti-

mouse lgG. The analyte concentration was deter-
mined according to the resonance wavelength shift at
the end of the binding process and initial binding
rate. The detection limit of this structural LPFG to
anti-mouse IgG is up to 8 wg/L(107" M),
Chiavaioli 748 4 th T — Bl T 4 fk
BR-T SRR E TR B SR 4 16 T O AT A=
s, Nk 2 frs o TR TR R BOARAE K JH
R IR T — 2 AR AR
TEIR DR A 5 30 e PR M s R R B BB 38 1
VRS SR 1 JEE B A S e A B S R R
BRE o IR aE— 20 TP 3 N R R/ Y B T 04 IR T 3
YR AR I REL, Z )58 B 1eG
SEAE I EA R 1, X BT 1eG #EATREIN . 8
T A A I RS AT BT IR I i B8 A0 B 45 A i
FRMAE T o X PR R DG
W x BB g By R IR ik F 8 pg/L
(107" M),
",,‘-,t"(;,,:”” ‘
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QU & ‘ environment
N S

Fig.2  Schematic illustration of the optical fiber biosen-
sor based on titania-silica coated LPFG
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REE R R A

Pilla et al. prepared an atactic polypropylene
film on LPFG surface using the dip-coating method.
They optimized the sensitivity of LPFG to the refrac-
tive index variation of the surrounding medium by
controlling an appropriate film thickness, and adjus-
ted LPFG to the high sensitivity working point in
transition mode. They selected BSA ( Bovine Serum
Albumin) as the medium layer for immobilizing hu-
man IgG based on the strong adhesion of BSA to pol-
ystyrene surface, and adsorbed BSA onto polystyrene
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surface. Then they used glutaric dialdehyde to cou-
ple BSA with human IgG as the prototype biosensor,
and carried out covalent immobilization of human
IgG onto BSA. In addition, they determined the ex-
posure time and optimum concentration of human
IgG in glutaric dialdehyde through the resonance a-
nalysis of ELISA and surface plasmons. Finally they
monitored the interaction of IgG with anti-human IgG
molecules in the transition mode range of LPFG in
real time and detected human IgG molecules. Ac-
cording to the result, the detection limit of such de-
signed LPFG sensor to anti-human IgG molecules is

about 5 pg/mm”*’

Pilla 25 A\ FR U v 7 1 TR 9 56 Al ¢ v il
F ORISR 205 I, 3 o 4 ol 5 2 1) il
RS B2 (I A K o 0 o Jed R A B S 3 AR AR Y
FRURRRE B RIS DA R 3 2 i B A = v R A
TAR R HETA ML R O R LM 10 155
REBERE ST, BEFE A L3 12 1R € N TG i1
WA JE B AR L B R TR AR 20 R
IRJE BT s BSA I I 70 AR W) 2 4
M TG BEE A 1gG L4 [E € 3 BSA b, Jf
i i ELISA A1 1) 45 25 T IR JE 4R 20 A ok o E A
LoG 78 08 1) 2% 5 I () M (R VR o B, 7E
A A0 ik BEAE DX R S s 1 N TeG 5
PON 1gG 0 T IAH AR, XN 1G 20 7 #EAT
Mo SRR, AR BET IR P DE M s Xt
PN 1gG - FHRMFRZ N 5 pg/mm™ ™

Biswas et al. also deposited silica-titania thin
film on the grating using the simple and general sol-
gel dip-coating technology and fabricated an over-
coupled LPFG sensor. By carefully adjusting the
thickness and refractive index of the cladding, the
LPFG was in the working area of transition mode and
thus the sensing performance of the LPFG to refrac-
tive index was optimized and maximized. In addi-
tion, after further bio-functionalization of silica-ti-
tania thin film surface, they fabricated a classical
biosensor for IgG/anti-IgG biological assay. The
sensitivity of the LPFG coated with 159 nm thick

Ti0,-Si0, thin films with the environmental refrac-
tive index range of 1. 333 —1. 334 is up to 7000 nm/
RIU, and its detection limit to anti-IgG is up to
0.025 mg/L=",

Biswas 45 A2 {7 i 54 R 368 B 5 -5 M
BRHOAR B —AAbik- — A A B BT AR el
ko, il s RS KR WD M AR . I
X S -0 R A V2 R A B S A B
JEAMHAL T i A S T DX, DA T e 4 3 916
XS A B RE R AL A AL . I HLAE—
AR - AR AR R T — P A T RE LS
il # T— I TG/ BT TG A=W E 1 49
s 1 1.333 ~ 1. 334 FREGHTHT RSB N, %
AL 159 nm J5BE Ti0,-Si0, FERE 1 5l
REPEEXF] 7 000 nm/RIU, XHE LG A FRA
£ 0.025 mg/L""

Quero et al. monitored a protein marker of dif-
ferentiated thyroid carcinoma—human thyroglobulin
(Tg) in real time using the LPFG in reflection
mode. The research group firstly covered a layer of
atactic polystyrene coating on the LPFG surface.
This atactic polystyrene coating can improve the sen-
sitivity of LPFG to the refractive index of environ-
mental media, has specific and high affinity to anti-
Teg MCAB, and provides a functionalized surface for
immobilizing anti-Tg MCAB. Then the research
group immobilized antithyroglobulin on the polysty-
rene coating for use in thyroglobulin detection. This
functionalized LPFG biosensor has clearly indicated
the improvement of the effectiveness and sensitivity
of biosensing and can be used to carry out label-free
living body Tg detection in the form of fine needle
aspiration( FNA) and to evaluate the biomarker con-
centration before and after operation. The research
group conducted optical fiber ELISA parallel deter-
mination and analysis using biotinylated protein and
HRP labeled streptavidin and verified the identifica-
tion and capture of analytes in the pilot test. Ac-
cording to the dose-dependent experiment result,

signals are of good linear relation with concentration
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within the concentration range of 0 —4 ng/mL, while
antibody saturation occurs at a high concentration.
The sensor is characterized in that it has very high
sensitivity and specificity and allows fine needle as-
piration biopsy from thyroid nodules of different pa-
tients and IVD of ng/mL grade human Tg concentra-
[33-34]

Quero 5 JUFL T BEK ) K& B 5
5 — b A R HUIR IR 1 3 AR S — A
WIRBRE H (Tg) o T E SeAE KA WD
R L — 2O R CIRIRIZ . X
WL RIE LI TR IZ AR B 1SRG 2T el
Xof PRI A T AT 56 238 SRAHUME , [RI X T T B v b
PO HAT RS E 1) B 8T, B E ST Tg Hoi ke
PUARSRAL T —Fhoh e, SRITERAE LR
JZ b E AT PR IR ER L, T IR IR ERE
ARSI ok A D BE AL B JE U bl A 1 St 1
W7 1 B i A ) A TR A S8R i R B, T
PALAZR &1 25 B BT AT JOhRic i 14 T A,
TARATFIA G WAL PR S WK U BE o E5E
S, A AE R E A B HRP FRic i BE
R AR AR IEFTOLER ¢ ELISA P47 5E 70 A7 , iE
S AR B 0 A o SR AR S TR R B
1E0 ~4 ng/mL [ ETERHIN (55 SR 2B R
U B ME S AR s AR W I, & AR LRI A
AL AR B R LA T HAT 3R w80 19 R A8 A e
P, FRVE AN [ £ 3 A FRCBR IR 3 1A 4 B 20
WKL, HEAT ng/mL RN T WEE R fRSMGT

Tang et al. assembled colloidal gold nanoparti-

tion

cles on the LPFG surface. After optimizing assemb-
ling conditions, the sensitivity was remarkably im-
proved and reached 10 ~* nm/URI resolution within
the range of 1. 34 — 1. 39, indicating that this sensor
is very suitable for sensing of biochemical substances

1331 After further immobilization of

in water solutions
dinitrobenzene antigen on gold surfaced, the detec-
tion limit reached 1.4 x 107" g/mL or 9.5 x
107 M"*" during the use in specific detection of

dinitrobenzene antibody anti-DNP.

Tang 55 NAE A A WDE L UM | 41 % 1 &

KT TEDUAL T A ER S5 , R B4R
i, 08 134 ~ 1. 39 i F M Al R BURE AR 10 7 nmy/
URI {1953 A, Ui I I b A% B AR 08 & T K
WrR AR B AR o A G i — AP [
T RIS T — PR I A R
{A anti-DNP B, #2855 %) 1.4 x 1077 g/mL 5
9.5x107"" M7,
3.2 Application in the detection of nucleotide/
DNA molecules
EREE/DNA & FHall 77 8 A F

DNA is an important representative in the study
of interaction among biomolecules. Identification and
appraisal of DNA sequence play an important role in
environmental health protection, disease diagnosis,
treatment of diseases, virus control, drug R&D,
elc. , so hybridization detection of DNA molecular
pairs has become a hot spot of application of optical
fiber biosensors.

DNA B AN FELE W) 53 1 Z 18] B9 AR AR
IR — AR, d T DNA JF 51 B3R 5 A
SEAEFRSEAE R ORI B IS BT B IRTT e B 1Y
Pl 25t K 45 U B B T &, DNA
X I 2 A I B Ry G ET A WA s R Y —
o

Sozzi et al. carried out optical fiber surface
functionalization by immobilizing the peptide nucleic
acid probe matching with DNA target chain on the
LPFG surface, and verified the feasibility of using
LPFG as a DNA biosensor. The resonance wave-

length was shifted by 1. 2 nm in the 120nM DNA so-

lution*"” .

Sozzi 55 Nt 1o 75 1< J&] 391 O A 3% 1A 2 S
DNA $UHEAH VT BCAY IR BRI BT, X Cer kA7
DIREAL, ER T RIDEA /R DNA A= 4% s
AIATAT 1. 72 120 M fY DNA WP I IR P
BT 127,

Chen et al. achieved the detection of DNA se-
quence hybridization using dual-resonance peak
LPFG. They firstly carried out silanization of the

grating surface and covalent immobilization of DNA
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probe on the LPFG surface using DME-suberimidate
and then monitored the process of hybridization with
complementary target DNA sequence on line. Ac-
cording to the result, the hybridization reaction
process included two stages within 60 min. The shift
rate was 86 pm within the first 3 minutes and slower
reaction occurred at the rate of 9 pm/min from 3 min
to 60 min. The total wavelength shift caused by hy-
bridization reaction was about 715 pm within
60 min. In comparison with the previously reported
etched core fiber Bragg grating DNA biosensor **'
this dual-resonance peak LPFG DNA biosensor has
achieve the reaction rate three times higher. Because
of covalent immobilization, the sensor could still i-
dentify the target DNA very well after multiple times

of heating/cooling dissociation of DNA, showing

[3940]

good repeatability"

Chen 55 A FH RS iR 06 4 J& 390 D' 27 Sl
BUT DNA JFSUA AR . At E S i b
THREREAL , 285 P 5 — W R B PR BT DNA
e [ TSR DL UM 1w, Bl S 7 26

HEHAME DNA o) 238k . S5 R BoR, 18
60 min N 2% 58 K2 i B A BB B AR 3 min,
R 86 pm HFE B2 ; A 3 min % 60 min, L)
9 pm/min YR PEAT BRSO GE FE . 2858
BEAE6O minPh 5 R B B IR B KA 715 pm,
SR I A T Tl A A RS DGl DNA A2 )
PRI AR B 33l U3 R U K A I Sl £F S A
DNA AE WL R A S0 1 3k 3 % 1 B B
TR T 364 [ 2, 7 22 0O /7% 1 i
DNA J& , iIZAR AR TS AR BEAR 47 b 3H 53] H B DNA,
R T RPN,

Delgado-Pinar et al. used a nano narrow band-
width LPFG in DNA detection. In order to improve
the biosensing performance of LPFG, the research
group fabricated the LPFG of only 1.5 nm 3-dB
bandwidth by choosing appropriate fabrication pa-
rameters ( high numerical aperture, relatively high
order mode and large length).
the standard LPFG at 1 500 nm,

In comparison with

the line width of

such LPFG is reduced by more than one order of
magnitude, thereby remarkably increasing sensor
resolution. After functionalization of LPFG surface,
the research group conducted DNA hybridization de-
tection. According to the result, when the biosensor
was immersed in 2 pM complementary DNA chain
solution, the sensitivity and detection limit of the

biosensor were respectively ~ 10%/pM and about
10 nM™.

Delgado-Pinar 558 AR AR A7 < JE 1L
T DNA BRI o Shy 1 v 1R IO 0 2R 0 1
JEVERE , 20 50 21 3d i e R0 2 A i S R (&
BHALAR A BB RMBCR B BE ), il 17
HA 1.5 nm {1 3-dB a7 GEATI S HDEME . ARXS T
75 1 500 nm 40 A AR AE TG, 1X A A D
WA FEW D — DB PR b, DA {88 1 At 1)
OIHER R . AR A DG R o RE AL
Jo AT T DNA (2 skl 4551 WoR , 1%
PG IEARIRBAE 2 pM [ H AN DNA B P,
IR AR 19 R OE O - 10% /M, K5 I BR 29
10 nM™

Jang et al. fabricated a LPFG on the side-pol-
ished fiber surface with the photolithography for use
in the detection of DNA hybridization. They firstly
modified the silica surface of the LPFG using poly-L-
lysine and then immobilized ssDNA probe on the po-
ly-L-lysine surface for use in hybridization with tar-
get ssDNA. According to the result, due to the
quick reaction of DNA hybridization, the majority of
wavelength shift occurred within the first 9 minutes,
i. e. 0. 94 nm wavelength shift. The total wavelength
shift caused by DNA hybridization was 1.82 nm.
The reaction rate of this side-polished LPFG DNA
biosensor is about 2. 5 times higher than that of the
dual-resonance peak LPFG DNA biosensor previous-

[42]

ly reported by Xianfeng Chen research group

Jang 28 Nl i3 JC 2B ARTEM HL LI BT %
7L i1 TR AL e, TS A DNA
MIZAC . oo TR -L-U A TR 18 1 I JH 316 £
A A AR I, SR 5 76 2R - L0 2 19 4% I [ 5
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7R T DNA Z S PRI SR, R 23 R
Mol A LEAERT 9 min, ] 0. 94 nm FY P AR 5
DNA 24525 2 AP KA RS 2 1. 82 nm, X Fh
DT E A1 P SR DNA 28448 LE Y6 R Chen
Xianfeng 57 /)N 25 42 78 1) AR P 05 4< 5] 3 56 it
DNA fLI SR 4 129 2.5 45

Rindorf et al. used a photonic crystal fiber
(PCF) long period grating in DNA detection. Ac-
cording to the result, after immobilizing a layer of
poly-L-lysine on the inner wall of PCF holes, the
resonance wavelength of the long period grating was
shifted by 6.7 nm. In case of binding a monolayer
dual-chain DNA | the resonance wavelength was shif-
ted by 2.3 nm. With respect to resonance wave-
length shift caused by biomolecule layer per nm
thickness, this PCF long period grating DNA biosen-
sor has about 1.4 nm/nm sensitivity .

Rindorf 25 ACKE 6 7 & A K 191 6 i 7
DNA A6 . 858 BN, 720 T AL i fLIN
BEE]E —JZR-L-BER ) , K DC r 1 4k
K83l 1 6.7 nm; Git—P 45— IR XE DNA
F IR KA 8 T 2.3 nm gl AEGNKIE R R
Yror 5 2P D A shils iR B 5, X Aot 1
A I JE G 27 el DNA (£ B R4y
1.4 nm/nmff REHE S,

Chen et al. designed an oligonucleotide optical
fiber biosensor using dual-resonance peak long peri-
od grating. Firstly, they carried out covalent immo-
bilization of the non-modified 5’-phosphorylated oli-
gonucleotide probe onto the aminoacyl derivatization
fiber grating surface directly using 1-ethyl-3-(3-dim-
ethylamino propyl) carbodiimide. Because of binding
via the specificity of 5'-phosphoric acid, other parts
of oligonucleotide which can be used for conjugation
reaction were left. The refractive index sensitivity of
this LPFG is 50 times that of pervious LPFGs. The
LPFG biosensor after functionalization is used to mo-
nitor complementary oligonucleotide. According to

the result, the concentration of 4 nM hybridization

oligonucleotide can be detected **’.

Chen 55 AR FH XU IR 06 I J] 01 6 et 1
T HBOCE YL RS F— P HEM 1-4
He-3-(3- T HI AL N 3L ) Bk — O R R B MY 5 -
BRI TERZ T BRI BT LA I8 5 B S AR AR AL Y
JCEEIER I . TR SRR v
BN 7 AT TS S ROV R SR T IR ) AR B o3
ORISR 1A A3 S R SRR R e R R D
W) 50 £, ShREAL S A FL MM Z 28 F T 1
AN TEAZ TR , &5 3 o, vl LU 2] 4 oM
AR IR IR

%} e (L) by e g

204 Step:
Addition of a sSDNA (Probe) to the
PLL by a NH-NH linkage

p—

34 Step:
Addition of the complementary
™ ssDNA ~Target ;. Base-paring occur
ending in complete hybridization.

2

9—o

9—o
Fz—o—of
bz o0

Nn N, NHy  © ° ° ° 4™ Step:
Addition of a restringing solution
which ends in the separation of the
DNA strands.

i

5% Step:
' ¥ 7 T‘ T‘ T T Addition of HNO3 (1:3, V/V) which
ends in the tofal removal of the
S material attached to the optical
fiber.

Schematic representation of DNA detection

Fig. 3
process using LPFG
B3 KJEIMDEHHE DNA 1 7 A

Based on LPFG and a component optical detec-
tion device, Goncalves et al. proposed a new meth-
od for determining the resonance spectrum of LPFG
and for in-situ detection of DNA hybridization in real
time. Fig. 3 shows the schematic representation of
the DNA detection process using the biosensor sys-
tem. The detection limit and quantification limit of
this biosensor to DNA are respectively 62 + 2 nM
and 209 +7 nM. It has been proved that the biosen-

sor system has good specificity to detection samples



434

BT, 45 < < S8 A S A P 1 IR A it o 0 e 485

according to the effect of DNA target mismatching
with different base pairs of the probe*’

Gongalves %J\ﬁﬂ:ﬁﬂﬁﬂﬁ‘ﬁﬂﬂ%ﬂ*ﬁéﬂﬁi
VAR IR P 1 — Rl SR e It
T BB T3 vk, T I SE I A DNA %l“ﬁco
K325 Tz AL s R Gext DNA Kl i i Fe 7

R %A% AR XF DNA B A6 I R O (62 =
2) nM, E ROV (209 £7) oM, il S5EE AR
TREEH I Y DNA L SR HT IE] 7% A% 88
GEAPREMREAS AT BT IO S
3.3 Application in the detection of biotin-strep-

tavidin system
EEYER-EBRNRERRNAEAER

There is a high specific binding affinity between
biotin and streptavidin ( affinity constant up to
10" mol/L). Once bound, they are very difficult to
disassemble. The action between the two substances
is the currently known as the strongest non-covalent
interaction. In addition, their binding property is
not basically affected by reagent concentration, pH
value, denaturant, ionic strength of buffer solution,
proteolytic enzyme, organic solvent, etc. and
doesn’t suffer from the interference from the non-
specific effect of reaction reagents. Therefore, the
biotin-streptavidin system is the most common bio-
sensing subject-object pairing system for researchers
to verify the biosensing performance of sensing de-
vices.

PR G R R AR 2 A BAT R AR S

ZE 4 Re ) CEAE B K 107 mol/L) , — % —H,
BEE WUABESTR A, 3o R ) Jo 22 1) B9 4 = H T
C AR B fAF LA AR B ] . T HL BT TR &S
E R PEREAAR 2R W B R pH R PERR (B2 v
TR TR B VA Il A LA S PR 5
i , AN S ARG AR RS S A PR 40 AT,
TESIEAR B (4 W 1 R RE I, A= K S
B AR A WE R e ) — TP A L R - %
TRECRAR AR

Pilla research group dip-coated different thick-

ness of polystyrene on the grating surface and opti-

mized the sensitivity of the LPFG; then the research

group directly adsorbed biotinylated BSA on the pol-
ystyrene surface for use in the detection of streptavi-
din. The research group dynamically monitored the

adsorption reaction process of biomolecules with
[4647]

Pilla BF 58 4 A A 2 10 15 Uk 1 AN ] IS B )
R M RS DELT YA R AL AT,
IRIGAESROR L0 2 i B4R A 3 A 0 A4 DL T
Sk (=Wt EY R S E N DR all ) oS R
THERSY TR ) (B S e AR

The direct adsorption mode relies on only hy-

time

drophily-hydrophobicity combination and is affected
by solution pH value and ionic concentration very
easily. Therefore, the research group further im-

and designed a LPFG biosensor

using the method of coating multilayer films and co-

proved this mode,

valent coupling for use in the detection of biotin-
streptavidin system. Firstly the sensitivity of LPFG is
improved through dip-coating of transparent atactic
polystyrene. Meanwhile, the working point of a
spectrograph is adjusted so that it is in the transition
area of the LPFG. Secondly, through dip-coating of
transparent methyl methacrylate-methacrylic acid
block copolymer, the film surface is rich in a large
quantity of carboxyl function groups which can be
covalent-crosslinked. Such treatment can greatly re-
duce the resonating problem with the cladding mode
transition area caused by grating surface functional-
ization. Thirdly, carboxyl is coupled with streptavi-
din using EDC/NHS, so that the biosensor can mo-
nitor the process of interaction between streptavidin
and Dbiotinylated BSA highly sensitively in real
time'**'. See Fig. 4 for the modification process of
coated LPFG interface with different biological
agents.

P A MR R 8 T AU & 2 i K P 46
L ARE D 2 N pHE B TR BE R R, 1%
BIF T LRGN 7 AT BE— 2 I it R R TR
Z 2 W LA G 7 B0 T REDELHE
WL IS T Y R R R R KR 1
Mo H5e, RIRE IR RS Y IO R M
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Covalent amine
bond to —-COO~
groups

PA layer

— Water
environment

Fig.4  Sketch of coated LPFG interface with different
biological agents

B4 K RDEM A ] A iR s i =

Wang et al. prepared PAH/PCBS films on the
LPFG surface using the electrostatic self-assembly
technology and then adsorbed biotins. After enclo-
sure by BSA | they used the biosensor to detect avi-
din. Such biosensor can make a distinction between
streptavidins of five different concentrations ranging
from O to 0.075 mg/mL very well, and the lowest

detection concentration is less than

0.012 5 mg/mL"".

Wang 25 A\ A AUREORTE K JH LR
JeHIt R i £ PAH/PCBS I, S8 )5 0 B A= )
REMAIEAEAE S 0 T REA
ARG o X AP L IR X 0 ~0. 075 mg/mL 2 [A] i
AN TRI e BE 1) B B 0 MR A ARG 1Y X BE T,
W AR A B /N F0. 012 5 mg/mLL

Using the LBL self-assembly method, Marques
et al. deposited PAH/SiO,: Au core shell nanoparti-

cles on the LPFG surface and prepared a highly sen-
sitive LPFG biosensor for use in streptavidin detec-
tion. The biotin further modified on the surface of
PAH/Si0,: Au core shell nanoparticles was used as
the detection ligand of streptavidin. The thickness
and diameter of PAH/Si0,: Au core shell nanoparti-
cles effectively increased the area of immobilized bi-
otin and then the sensitivity of the LPFG to streptavi-
din. The lowest detection concentration of the LPFG
assembled with 3 layers of PAH/SiO,: Au films to
streptavidin is up to 2. 5 nM, and its sensitivity and
detection limit 6. 9 nm/ng/mm* and 19 pg/mm’ re-
spectively. The sensitivity of this biosensor is at least
two orders of magnitude higher than that of the previ-
biosen-

ously reported other optical fiber

sors' 23°#2 " The sensing property of the biosensor
can be adjusted by changing the ligand.

Marques 55 A\ K )2 2 A 4% 75 270 K 3
SR T PAH/SIO,: Au #2540 K kLT, i &
e REUER R R DM A W 1L A, T T R
SRR . 78 Si0,: Au A% 5T KL TR T E
— B W) R, VR A D B B 0 AR LA
Si0,* Au A% Fe 4N KL 1 J5 B R LA A A4 3 fn
T E AR R T AR, FE TR T R A
FERR AR R, 4% T 3 )2 PAH/SIO,: Au
VR 11 T S YA R 5 2 3R ) S AT AG Ik
iBF 2.5 oM, ZEEH 6.9 nm/ng/mm” , I BR
19 pg/mm’  ZAL AR I R L S Hi G 1
HE LT s ™™ B T A
Y JF AT DU USRI AL R 1 A%
PR
3.4 Application in the detection of E. coli/

phage
TR E/ B AN 77 E A R A

E. coil is a kind of bacterium closely related to
people’s daily lives. The scientific name of E. coil is
“escherichia coli”, which belongs to a kind of en-
teric bacilli. E. coil is a kind of unicellular organism
which is parasitic in human large intestines and
small intestines and harmless to human bodies.

E. coil has features such as simple structure, quick
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reproduction and easy culture and is an important
experiment material biologically. E. coli is not path-
ogenic under normal habitat conditions. However, in
case of entering gall bladder, bladder, etc. , E. coil
can cause inflammation. E. coil is used to express
proteins (e. g. insulin, some vaccines, etc. ) after
genetic recombination in genetic engineering. E. coil
is often used as model organisms for cytological ex-
periments.

RIGFFE RS AT H B AR R R H I
— R, A AR R & T A
BRI —Fl e R AL AR /]
Xf NAARTC T B —Fh B2 A=, G5 AA) 3 B, BEAm
L ERA S, ERAY Y EEER SR IE
R ST RIAT B IFAEOW , (B 2t A |
EWEAFAL R] 5 A AE . FEFE N TARE R, RIAAT &
MHOH T RBEFEHEMED (BImRE R,
FLBCREWTAF) o RIGFF R IE B H A A Y 2
SEL) e

Phage is an organism which recognizes a host
through surface-specific receptor molecules. Phase
has features such as high sensitivity and specificity
to bacteria, good thermal stability, low cost and
quick production, is non-toxic to people, and has
become an alternative to antibody in the field of bio-
sensing. Many researchers combine LPFG with
phage for use in the detection of E. coil/phage.

Wt A 10l e T A e M A2 A U A
AT BILIAS ot 240 T LA i J3E A R AR e 8, 4
R LG, 1T ELWR T A NETCRE , LA BRAN A=
FERE, TR W AR AU 28 U LA I —
(A7 B2 E 20 FRWNIAE L N il P a9/ /) RS 1L AL LS
S5 BT R R iR/ Wt T R R ARG o

Smietana et al. used T4 phage as the recogni-
tion element for detecting K12 cell of E. coil, direct-
ly immobilized T4 phage onto the LPFG surface u-
sing the physical adsorption method, and monitored
the process of interaction between phage and K12
cell of E. coil in situ in real time. According to the
result, the resonance wavelength of the LPFG was

shifted by ~1.3 nm'™/ after identification and im-

mobilization of K12 cell of E. coil.

Smietana 55 A HT T4 W5 T (A g A6z K
FRE K12 203 5930 oo , R FH 4 B B A 7 v
W T4 TR R LR [ TR DR Mz sk
0 W BRAA 5 M A T K2 40 ) A LA
Rl SRR, KIAHF R K12 40 g R &
E e, KSR O M R IR B K AR B T
~1.3 nm"* 5

The physical adsorption method is only hydro-
philic-hydrophobic combination. The coverage rate
of T4 phage on the grating surface is very small and
the phage is easily eluted by PBS, thus affecting
subsequent detection. Tripathi et al. improved the
above method and immobilized the phage using the
covalent method. For instance, silane coupling a-
gent was firstly used for amination of the grating sur-
face, and then dual-function group crosslinking a-
gent-glutaric dialdehyde was used for covalent immo-
bilization of the phage so as to keep T4 phage stable
in the measurement process, as shown in Fig. 5. In
addition, they used high precision optical fiber de-
modulator, ultra-high sensitivity LPFG, etc. in the
detection of E. coil so as to achieve stable and label-
free phage-based E. coil detection. The lowest de-
of E. coil can reach

tection concentration

10° CFU/mL, and the experiment accuracy more

than 99% >3

Fig.5 SEM micrograph of the E. coli immobilized on
the surface of the LPFG:109 CFU/mL of E. coli
concentration in PBS

5 BERRZE MR e Sy 109 CFU/mlL (i K AT 18

TE K SR T [ 2 I i 4 i B 1

T BB RS 19 07 3 A S 2 K A
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Brzozowska et al. proposed a new high-sensitiv-
ity T4 phage-adhesin-coated LPFG biosensor. T4
phage adhesin(gp37) is bound with E. coil B in nat-
ural form or modified form by recognizing LPS. This
kind of binding has high specificity and irreversibili-
ty. The reaction of T4 phage adhesin to positive LPS
is almost three times that to negative LPS. The
method of LPFG bio-functionalization is to coat
LPFG surface with nickel ions which can be revers-
ibly bound with gp37 His-tag. Recombinant adhesin
protein phage proteins were used as the receptor
molecules in the biosensing system. A test was con-
ducted on the specificity of binding of adhesin with
LPS using LPFG, and the specificity was verified u-
sing the methods such as Western blotting, ELISA
and BIACORE. This biosensor can be used to meas-

ure bacterial contamination accurately in real

[54]

Brzozowska 55 A\ i T —Ff B T IR BIA T4
It P AR R 3R 940 2R e R A0 I U1 DY A T
it T4 WA AR R 3R (gp37 ) 38 1 UM R AT 11
Jig 208 (LPS) 11 AR AR sl A2 PRI U2 & KT
B3l 4 A A i BE R S P FAS R
T4 Wi ARG BE 2% LPS M Ay B g LT o2 B 44
LPS [ 3 1o K JEHD G A= Py D RE AL 1) 75 5 2
AERE L gp37 LA MRARSE Al 45 5 OB B T IR
KM T . HE DR BRI TR A S TR
UL IR R R 32 010 TRl Xt
KR 5 LPS 455 iR S e BEAT 7, I il i

time

R I IR S e W B i B ( ELISA) A1l BIA-
CORE J5¥EMi 7 UESE . X Bl % J 25 RE 5 52 I
T 0 R

The research group also coated T4 phage adhe-
sin on the LPFG surface for use in Gram-negative
bacteria detection. According to the result, in com-
parison with ELISA and BIAcore, this biosensor can
be used to recognize E. coil K-12 (PCM2560) more
obviously. The resonance wavelength shift caused by
E. coil K-12 is about half that caused by E. coil B
( positive control ). The detection signal ( RU )
caused by E. coil K-12 in BIAcore SPR sensor is
10% of that caused by E. coil B. This indicates that
the sensitivity of the LPFG sensor is obviously higher
than that of BIAcore SPR sensor. This adhesin-coa-
ted long-period grating sensor can not only be used
to selectively detect E. coil B but also to detect more
extensive Gram-negative bacteria groups containing
OmpC in LPS structure or having special configura-
tion around tail end glycosidic bond, e. g. E. coil
0111 ( PCM418 ), klebsiella
( PCM1 ) and
(PCM1879). In addition, this sensor can be used

pneumoniae 01
Yersinia  enterocolitica Ol
to detect Gram-negative bacteria containing OmpC
and the special spatial configuration around tail end
glycosidic bond in LPS structure. Moreover, the ex-
periment result has proved the possibility of using
adhesin to replace phage so as to recognize specific
bacterial strains. In comparison with phage, adhesin
is more stable and can be stored for a longer time,
so it has a very good prospect in commercial applica-
tion >

BTN AR SR DM i TR AL T T4
Wik B AR B 2R P 0 22 IR BAPE TR . 2521
7, 5 ELISA 1 BlAcore J5 i AH L , iX Ff {4 2% AE
SR R AT K-12 (PCM2560) o K%
FFa K-12 Jr 5 1R i 8 Ik 31 B8 2l R 202 Kt
BCOFHPEXSIR) By —2F . TM7E BlAcore 1 45 &5
TSR AR, R AT K-12 Fr5 DR AR
{55 (RU) JERIAFF I B 1) 10% o X W JH ]
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DO et ) SR ABUE W o T BIAcore 211 55 5
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T B o] FEL A R (R B ) B )32 0 2 22 ER B P 4
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Dandapat et al. proposed a temperature-insen-
sitive cascade LPFG biosensor used in accurate and
quantitative detection of E. coil in water. The tem-
perature sensitivity of this biosensor is only
1.25 pm/C, and its refractive index sensitivity is
1 929 nm/RIU. The grating region length of the bio-
sensor is about 3. 6 ¢cm and it is very suitable for bio-
sensing. In case of changing E. coil concentration,
the resonance wavelength shift range is about 1.3 —

2.5 nm and the
10> CFU/mL. The biosensor has showed its capacity

detection limit is up to

of reliable and quantitative detection of E. coil in wa-

ter at 24 —40 °C temperature .

Dandapat 55 A\ $i 1 — 7l i B A EUR R 9 2
KA M A 14 s, T 7K R A 1 K
B BRI o X ol A g o it JBE A SRR A
1.25 pm/C , i HAT B3R R H0E M1 929 nm/RIU,
WX BEER LN 3.6 em, JEHIE G T AW
RS AT TR 1) W I T R D K RS B ) T R
FE1.3 ~2.5 nm Z[H], K9 B 3% £ 10* CFU/mL,
76 24 ~40 “CHYIRBELFIN T IR s 1 rl
i SE R K R R RE ST

In case of using LPFG in direct detection, the
sensitivity to detection of biological substances is
low. Therefore, some researchers attempt to modify
LPFG surface using nano-films of high refractive in-

dex so as to improve the refractive index sensitivity

of LPFG to environmental media, and then detect bi-
ological substances.

H T A SR 3 ' e A6 DU i, % A= ) Jot
RGN ) R AERE L AR . — et il I
RN RERFRT ] ST A T 48 i, 4 g ]
WX ERSEA 5 3T 56 R R, SR e At A T
PORest7/E 7/ =0k il 8

Smietana et al. prepared TiO, films on the
LPFG surface using the atomic layer deposition tech-
nology. According to the result, when the thickness
of the TiO, overlay is up to 70 nm, the refractive in-
dex sensitivity of LPFG to the environmental medium
of 1. 34 in refractive index reaches 6 200 nm/RIU.
The sensitivity of the LPFG is 2. 8 times higher than
that of the non-film-coated LPFG. In addition, after
TiO, film surface functionalization by the LBP( adhe-
sin) of T4 phage, the sensitivity of the LPFG en-
hanced by TiO, to bacterial endotoxin ( E. coil B
LPS) was improved obviously. After E. coil LPS in-
cubation, the resonance wavelength shift of the
LPFG without TiO, film was no more than 20 nm,
while that of the LPFG enhanced by deposited TiO,

film was about 40 nm""’.

Smietana 5¢ AT JZUTRBAAE K A D
MR T AR, A B T A A Bk
i J2 SR RETRE 70 nm IF, X TSR 1. 34 1935
g o, 1 9O M B A 4 R R K Ik F)
6 200 nm/RIU, 15 R ¥4 52 W5 A 4 ) 301 56 Al A
o, RIS T 2.8 48, BLAb, 24 AL R
R T4 MR RN TR G5 EHE ORI R) 2
REAL A, — A Bk SO A S0 A X 240 v P4 75 R
(KIGHFE B IEZHE) A9 BUEE B 3 - 76 K
FFEE 2L 5, BoA — A A BRI A9 A
S IR P A RS S A i 20 nm, TUER — 41k
PRV A9 KR O I IR B K B 3h TR
40 nm"" 5

Koba et al. proposed a high-order layer-coated
LPFG biosensor working near the dispersion turn-a-
round point. A test was conducted on the phage ad-

hesin-functionalized LPFG biosensor using the dry
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weight of specific and non-specific bacteria. Accord-
ing to the test result, this biosensor can recognize
bacteria through selective binding. They used the
dry weight of E. coil B for positive test and E. coil
K12 and salmonella enterica for negative test. The
resonance wavelength shift caused by E. coil B was
over 90nm, while the resonance wavelength shift
caused by E. coil K12 and salmonella enterica was

about 40nm and 20nm respectively' ™.

Koba 2 A48 iy T — M A o B (2 JZ 0 8
AT UM AR A R DA A i e o K
o B AORS B 2R D BE AL A I e Jes
R AR S PR A B B A TR, 45 2R s, X
Toft A WA S RE A% R P 25 15, TR TR AN [+
WA . MR R E B A4 = AR 0
PEN, TR AT K12 FliE b ] IR AR 0 ]
PEINA . KIAFTE B 51 B3 IR B PR RS i i
90 nm, TR A B K12 s vb I IRE 5 R /Y
AR DK B 43120 4 40 nm A1 20 nm >

Phage T7 is a virulent polyhedral phage which
is infected with E. coli and has irretractive short tail.
The virus particle of phage T7 has icosahedron
head, with very small tail and complex structure.
The head consists of 5 different proteins. Phage T7
is specific to enteric bacilli and relevant Gram-nega-
tive bacteria.

W R A T7 Je—Fp IO R AT B 2R
HATASRENSC A8 1 1 2 14 22 THD AR e T 1, JHL 25
KA 20 TR A SR AIAE T /N R, A5 A B A %
SKRARHY S ANAN[R) B4 2 1 T2, X Tl AT R AR 5%
2 RBATE R

Janczuk-Richter et al. used LPFG in the detec-
tion of T7 virus phage. They firstly adjusted the
LPFG to the best refractive index sensitivity state
and then functionalized the LPFG surface using 3-
(triethoxy silyl) propyl succinic anhydride for cova-
lent binding of anti-T7 antibody. The existence and
concentration of T7 phage were judged by tracking
the shift of the resonance wavelength in the transmis-

sion spectrum of the LPFG caused by the increase in

the thickness and density of biological coverings.
See Fig. 6 for the schematic representation of the
LPFG surface modification steps and phage T7 de-
tection. This sensor has good selectivity and repro-
ducibility to T7 phage and the detection limit is low-
er than 5 x 10° PFU/mL"™".

Janczuk-Richter 255 1 J& I 6 M FH T+ T7 %
BEMEER A RO o AL AT S I R S U R ]
IR T B A RAEERE R E ] 3-( = 2 5k
PR E S ) RSB 3 9 0 1 ) S0 Ol 2% i oy g
WAL S GHT T7 Fiil o @ b 8t A Y i
POy ) D AR T 5 | R ) I e Ol
T TR I RS Sl DUR K W T7 Wk i AR ) A7
TEFIHRE o A S8 i DA W 2 R % L0 g
PR T7 R 7R B B AN 6 Firs o X Fi % it
XF 7 Wit B AT R A e R R A A D0 FRARR
F 5 x10° PFU/mL"™ |

Long-period fiber gratings

ﬁ

Chemical modification ‘
and antibody binding

Y Y YYYY

BSA blocking *
Phage detection *

¥

Resonance wavelength shift induced
by antigen-antibody interactions

Fig. 6  Schematic representation of the LPFG surface
modification steps and phage T7 detection
P06 Ja] S0 O Ml 2% v 42 i 2 B B W 7R AR
T7 A5 7R 2 1A

3.5 Application in the detection of Francisella
tularensis
7 i 36 B PR AT B AR 75 T Y R A

Francisella tularensis is the pathogen of tulare-
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mia and a highly infectious intracellular bacterial
parasite and can cause human and animal tularemia.
More than one hundred species of animals have been
found in nature to infect Francisella tularensis. Due
to a wide variety of transmission routes, easy diffu-
sion, and high toxicity, Francisella tularensis has
been listed by CDC as class A bioterrorism agent.
Tularemia is a zoonosis and has a high mortality
rate. Timely and accurate detection of Francisella
tularensis is of much significance to timely treatment
of tularemia patients and prevention of tularemia dif-
fusion. Cooper et al. prepared nano-films on the
LPFG surface using the layer-by-layer electrostatic
self-assembly technology, further deposited anti-
Francisella tularensis IgG onto nano-films, and then
detected Francisella tularensis. The existence of
Francisella tularensis was detected according to the
reduction of peak wavelength caused by specific an-
tigen binding. The research has filled up the gap of
quick and culture-free field diagnosis of Francisella

tularensis'®’ .

35 3 B PG Hr 7 ( Francisella tularensis ) & 1+
PLTR R BOR T , & — P B oA B AL Gk 1 i A
A4, BRSNS A, FEEGE A
B AEMFL S N Z AL g TE%E’?EPE?;Z
W—rF L B s getE . RHAA /R Z
FE DI B 8 T 4 5 B 4 i ) 087
A A RA Y RMEHI R R — A F S
BB, BOE AR, S R A4S DU s o B P
PO T A B AR SRR R 1R RO A
B L, Cooper 5 N\l il J2 2L H 4HBEHOR
TE A JETHA G2 i ] 48 2 K, I 2 — 20 e
A7 1 BTG S0 T Y I A BR A 1 (TgG) TUAR F
YK L, SR 5 R A o BT G T TR A A
INRE S PETBU 45 5 T 5 | AR A A sl A
BN 7 L4 MV R AR TE . IZESE O TR T
B IR M AMS T B0k P B RN T A
3.6 Application in the detection of methicillin-

resistant staphylococci
R EEREEKERN A ENEA

Methicillin-resistant staphylococci is a common

clinical bacterium with high toxicity, which has be-
come one of important pathogenic bacteria for hospi-
tal and community infection, and mainly affects the
health of hospitals, communities and animals. In or-
der to protect the health of people, it is crucially im-
portant to carry out culture-free, highly sensitive and
specific quick diagnosis and analysis of methicillin-
resistant staphylococci.

T PP 4 PG AR B €3 A BRI Ml PR ALY
BEVERGER AV ANTE , © B B5 B AL DR 1 T %
o iR TR 2 — , S R B L A XR34S A R [
Ao R TR AT R AR , T i 4P bk 8
A BRI T IO IR 00 L R R S e BRs
Wit 2R EE,

In order to meet this need, Bandara et al. de-
tected methicillin-resistant staphylococci using the
nano-film modified LPFG. The research group de-
posited PAH/PCBs multilayer films on the LPFG
surface, so that the terminal of the multilayer films
of the LPFG had a large quantity of carboxyl function
groups. These terminal carboxyl function groups
were further covalently coupled onto the monoclonal
antibodies which have specificity to recognize methi-
cillin-resistant staphylococci penicillin-binding pro-
tein 2a. The LPFG assembled with multilayer films
was exposed into 10> CFU/mL MRSA. Afier 50
min, the light transmittance was reduced by
19.7% .
tenuated by less than 1. 8% after exposure into 10°

On the contrary, light transmission was at-

CFU/mL MSSA. Light transmission was attenuated
by 11.7% -73.5% after exposure of the LPFG with
multilayer films into the extracts of the liver, lung
and spleen of the mouse infected with MRSA. On
the contrary, light transmission of the sensor was at-
tenuated by <5.6% after exposure of the LPFG
with multilayer films into the extracts of the mouse
infected with MSSA. When the sensor was used to
detect 36 strains of methicillin-resistant staphylococ-
ci, 15 strains of Methicillin-sensitive staphylococci,
10 strains of heterogenetic species (all strains 10*

CFU/mL) and mouse tissue samples infected with
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MRSA and the critical value of light transmission at-
tenuation was 6.3% , the antibiotics sensitivity test
result was completely consistent with MR bacteria
and non-MR bacteria measured by the biosensor.
Therefore, this nano-film modified LPFG biosensor
has the potential of detecting methicillin-resistant
staphylococci in clinical samples highly sensitively
and specifically '

T X — 5 2, Bandara S5 A\ 4K TR
B A 1 S M A= 0y A IR A DN 1 T Y 4P b
S OHE KR ZOTAA A A AR 7R
KL e 2w i T PAH/PCBs £ JZ 3
5%, (I JRTB A 22 J2 I 10 A sy B AT R R
HHEM] . ISR IR I H R gt — 2P L Ik
FIRT iR AR DU ARG o (A A BRI O B R A S
H 2a AR R B g TR 1o R
22 J2 IR R S B 2 5 107 CFU/mL 1y
F 4 P PR 4 3 (53 4 BR A (MRSA) 1,50 min 5
B RBEAR T 19.7% . M, 4 R FE
10° CFU/ ULy FF 40 75 bR IR 119 45 8 €0 81 2 R T
(MSSA) H5 ikt T 1. 8% . HixZ)=
FEEA J) 309 S A 2% % T Ik e MIRSA (1 /)N BRL 9 BT
i Y 3R B R e e R T 11.7% ~
73.5% o SR R i% 22 J2 IR A Ol 28 %
FIREGE MSSA (/) B S IO, 15 RS 1oL 1%
M E TSR/ NT 5. 6% o MWz fe s T4
56 36 PR Y 480 VG b 45 o (50 2 BR AT 15 Bk 4
VUMK A 5 2 (03 4 BR TR L 10 Wk 52 R (A7
PRSI 410" CFU/mL) J&%e MRSA /)8 L4121
FESL I, OG5 0 Y I SHE A 6. 3% i), i
FR AU R A2 A A T D S 1) MR 446 R
IE MR 45 58 4 — 20, B, 300 g4 K IR A8 i
A8 M A 0 e e A o SR A Ry S
A 1 PAASE: ity o )T P 40 0 b 4 7 2 K
{3 R
3.7 Application in the detection of fungal

pathogens
EEEREESN T R A

LPFG biosensor not only has developed quickly

in the detection of biotic components of humans and

animals but also has made some progress in the de-

tection of plant viruses.

KD A Y B AU A RN K5
P89 A 3 ARG IO P 75 T e e T L AE AR
TR A I 7 T A AR T — R

Fungal pathogens can cause serious fungal dis-
eases and huge losses to crop yield, and will also
have a fatal impact on humans. Detection and ap-
praisal of trichoderma Fungi species are of much sig-
nificance to protecting plant root systems from being
eroded by trichoderma pathogens. Gambhir et al.
used the CVL-written LPFG in the detection of fungi
in plants. The resonance wavelength of LPFG was
respectively 1 524 nm, 1 520 nm and 1 522 nm in
the three trichoderma solutions such as T. Harzia-
num, T. Viride and T. longibacterium, and the cor-
responding optical loss was changed from 63.75 dB
in water to 54.8 5, 57.34 and 59. 6 dB respective-
ly. This indicates that LPFG can be used to distin-
guish different species of trichoderma very well

FUT SRR RE S BOU™ 5 00 SRR &, XY
PR R R T HL 3B 2ok N2 T B Y
AN o AR L T P IS R G 0 AR 4 7 X T PR P AL )
PR 2 G A o D T ) 42 T B A R A
Gambhir 55 JRH 28 THOLS AR K JE DG
TP EE K, 78 T. Harzianum | T. Viride
A1 T longibacterium &5 3 F A =/ 7  , <S5 )
JEAME I PRI 3 376 1 524 1 520 11 522 nm,
FHNE 1 ' 458 A 23 0 A K o /8 63,75 dB A2 3|
54.85.57.34 F159.76 dB, i i3 W] < 5 1 6 A
AR X A3 A RIS A B -
3.8 Application in the detection of aptamers

T8 Fo 6 Bh (A4 77 T R B A

Aptamer is short single-stranded DNA or RNA
oligonucleotides and can be bound with different tar-
gets by using stable sequence-dependent structure.
The size of aptamers can range from 25 to 90 basic
groups in general, allowing selective control of reac-
tion with specific molecules.

T AR S B BRLE DNA B RNA SERZHIR,
BT DU R AR 1 =47 SR S5 4 5 AN
[FIHARZE G o BT /N—enl LA 25 £ 90
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Coelho et al. immobilized thrombin aptamer on-
to the TiO,-coated LPFG surface for thrombin detec-
tion. In order to enhance the sensitivity of the LPFG
to environmental media, the research group firstly
covered 30 nm thick TiO, film on the LPFG and then
a layer of polylysine on the TiO, film surface. After-
wards, the research group immobilized the terminal
aminated thrombin aptamer onto the polylysine film
through electrostatic interaction and measured differ-
ent concentrations of thrombin in the buffer solution.
The measurement schematic, see Fig. 7. The detec-
tion range and detection limit of the sensor are re-
spectively 0. 01 —=0. 1 pM and 0. 01 pM. The func-
tion surface of the sensor can be regenerated by
means of 5% sodium hypochlorite solution and has
good reproducibility .

Coelho 55 A HFBE I B O 1A ] E 7EIR B — R
PR A SR 3 e 2 ihr , T TR B i Al . O 1
SN A X PR 8 A S A R A ST
HEE R AWM 5 1 30 nm 5 A AL BR
I, FEAE SR A B e i 7 i — )= R R , B
38 3 LA DR A S 2 e A ) U5 L 1 A A [5]
JE B A BRI b, 0 I R 22 i b A TR
Y B2 1) BRI, D00 s IR AL T B o AR IR
FR A AL D YT O 0.01 ~ 0.1 pM, A5 I FR Sy
0.01 pM, ZfE R Y S RE % T v] LI i 5% 1k
SRR A AP A

Fibre cladding GTiOZ LPFG

Fbire cg : 22 2a] _
€ e TR in"
Light out TBA “ight i
Clamp — ﬁ = i ’
SMFw8  Mass Lightou

Fig.7 Schematic of the sensing configurations for LPFG
coated with 30 nm of TiO,

K7 B 30 nm AP BRI ) 1S e % 2
el (AP N

Carrasquilla et al. firstly modified the surface of
Michelson interferometric LPFG using gold nanopar-

ticle-doped silica sol-gel film and then immobilized
ATP specific aptamer onto the gold nanoparticle-
doped macroporous sol-gel derivative film for hybrid-
ization with the complementary sequence containing
quencher and label-free detection of ATP. The
macroporous silica sol-gel derivative film material
can provide a large specific surface area and bear a
large quantity of DNA aptamers at high density and
affinity,, and the gold nanoparticles contained in the
silica film can provide a cladding of high refractive
index so as to enhance the refractive index sensitivity
of LPFG. The existence of the target molecule ATP
will induce aptamer conformation variation for bind-
ing with ATP, which will result in oligonucleotides
effective variation of refractive
ATP binding

will lead to net reduction of molecular weight and re-

release. Moreover,

index is enhanced and reversed (i. e.
fractive index ). The wuse of structure-switching
aptamers prevented the signal from non-specific
binding. This gold nanoparticle/silica film has dual
functions such as improvement of ATP aptamer bind-
ing density and LPFG sensor cladding refractive in-
dex and can remarkably enhance the sensors sensi-
tivity to micromolecule detection, and its detection

limit to ATP is up to 400 pM'*'

Carrasquilla 55 N\ SR G AR BIRLE 2419 —
S A T U -5 I A W 7 0 v R 3 Uk
RS I, 2% )5 18 = BRI (ATP) ¢ 5 4
T T AR [ R T 4 A AR T 48 2% ) R ALV IR e
FPHE R L fiff =2 15 5 A 1 IR B 23 1) HAN T 51
ZRAC, AT AR IS PRI ATP . il T RAL =k
TEI I -BRE B IS A L RE A S I R HE S 1w AL, ]
L‘l%%‘fﬁ%%ﬂﬁi&ﬁﬁjﬁ%ﬁ@ DNA &A1 —
SRR T P9 AL 5 9 < AR AU T LSt v 4
REAR, ié’%ﬁﬁ%ﬂj‘ﬁ%ﬂ%ﬁ%ﬂ‘%iﬁﬂio H
bRor5 ATP IFF e I RO R AL 1L, i
245 ATP 4545 ATP ZE 51 G BRI BRI B
T, T 5 R B A 83 A W 58 1 S 5 (I ATP )
LGRS EO TR R A A o SRR
B BB 7ok BARRER RS A IE T X
P KRR T/ A RE IR BA s ATP & i
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Queiros et al. immobilized E. coil aptamer on
the LPFG surface using the two methods such as e-
lectrostatic self-assembly and covalent bond coupling
for detection of EcOMPs. This evanescent wave opti-
cal fiber sensor can achieve label-free specific recog-
nition of EcOMPs in water. Within the range of
0.1 ~10 nM, resonance wavelength has a good line-
ar relation with EcOMPs concentration. Using the
two methods such as electrostatic self-assembly and
covalent bond immobilization, the EcOMPs detection
respectively -0. 1563 =
0. 005 nm/decade and - 0.1597 £ 0. 004 nm/dec-

ade. In addition, the sensor can be regenerated at

sensitivity is

low pH value. After continuous 3 times of detection,
the deviation is less than 0.1%. This sensor has
been applied in the detection of E. coil in labeled
environmental water samples. According to the com-
parison result, the sensor coated with a layer of
polylysine has better reproducibility and surface uni-
formity. On the contrary, the sensor covalently
bound with aptamer has better performance of analy-

zing labeled water samples'®’ .

Queirds % N\ I L [ 20 256 T LA B 45 X
PR 7 R A T S DA T [ W
7, FH T K A 18 A IR 11 (EcOMPs ) 1 462
X 2 POCET 1 A RETT e b T A S 1 THU31
JKHHE) EcOMPs, 7£ 0. 1 nM £ 10 nM #4975 F 4,
IR 5 EcOMPs [y vk i 52 I R 4 19 4R M O
Fo TR B 2H R A ] S X P R T
Kl EcOMPs 1y R 5 5 73 %1 2 ( = 0.156 3 +
0.005) nm/decade Ff1( —=0.159 7 = 0.004) nm/
decade, T H., A& &AM pH 254K 7] LA
Az JEERIN 3 R R 25 /N T 0. 1% o X AL I
i AN TR 1 PR BT KRR Hh R T Y A
W, it R, IREA - ERB AR A
SUF PR B AR T A S M AR Sl A A
TEBCAR YA A AR AT 1 SE L A AR ARE 23 B

65
i
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3.9 Application in the detection of hemoglobin/
BSA
ML E B/ 4 107F B E B 75 & H A

Hemoglobin is also called hemachrome, which
is the main component of RBC and can combine with
oxygen to transport oxygen and carbon dioxide. He-
moglobin is a special protein for transporting oxygen
in RBC and the protein which makes blood red. He-
moglobin is composed of globin and heme. The glo-
bin part is the tetramer composed of two pairs of dif-
ferent globin chains (a chain and B chain). The
content of hemoglobin can reflect the degree of ane-
mia very well. Hemoglobin detection is of much
clinical significance to recognition and diagnosis of
some diseases. Chen et al. finely modulated the dis-
persion mode of dual-peak LPG using the method of
hydrofluoric acid etched fiber cladding to enhance
the sensitivity of LPG and detect the hemoglobin in
sucrose solution. According to the result, when the
concentration of hemoglobin changes from 0 to
1.0% , the red shift of resonance peak is 19. 8 nm
and the sensitivity is up to 20 nm/1% . In case of u-
sing 0. 1 nm optical resolution, this sensor can de-
tect 0. 005% hemoglobin, which is a great attraction
for biochemical, medical and environmental sensing
applications'*" .

IMELEE P PR L0 3R, 2 20 200 i 1) 3 4 g
157 RS Rk e i L e/ | AR |
Pzl o B RN IR R R N o = D oy R EEEAN
R T, H 2R AL R A, HEBR 2 o
72 FH XA /] ) 2R 26 1 5% (o SR B 6 ) 4 ALY
PUSRM, I 21 8 E A0 R REAR A S 3 A A
JE o MLZLER ARG S 5 S I 5L L850 HAY
G R Lo Chen 28 A\ SRR B TG 21
(ENEYOpRE e B IA LT PSUES LR UB D)
IR R e I A S e ) R AR 9 A
WA P R ML H o 45R R, il ZiE N
W 0 AL ] 1.0% W, 3 4k 0§ {5 40 B
19.8 nm, R K 20 nm/1% , W15 A 0.1
nm FIEA T B R s T LIS 9% 5
0. 005% I LT & 1, X0 FAE Yo B2 MR 5
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BSA is a globulin in bovine serum and has been
widely applied in biochemical experiments. Ficek et
al. prepared diamond films on LPFG surface using
the microwave chemical vapor deposition technology
and studied the application of the LPFG coated with
diamond films in biosensing using BSA as the exter-
nal biological medium. With immobilization and
forming of the BSA biological film layer on the dia-
mond film surface, the resonance peak of the LPFG
was split slightly and shifted by 0. 8 nm towards the
long wave direction. The detection limit of the LPFG
to BSA reached 0. 15 nM. This has verified the fea-
sibility of using the LPFG coated with diamond films
as a biosensor. Diamond films have good transparen-
cy, high chemical stability and abrasive resistance,
nontoxicity, biocompatibility, etc. , so they have u-
nique advantages in achieving specific biosen-
[67] .

AL HE A A S PR — R R E 1
AR A T IZ B o Ficek S8 A R
Pz S DU B S 2 v il 4 1 <6 M
AR, A L3 R AR SRR A WA i, B
FE T B WA MR A A DI e AR W 1 DT
TR o BB A T8 1 8 AR = A <5 M
A R T ) 1 R B, I U1 A 1) 3 i e
H BN 702, I ) KRBT 1 #2387 0.8 nm,
XA L A E AR BR A 2] 0. 15 nM, JESE T
A i < WA RS P IS S A D A o e ek
ARIAT Y. T M B A R4 3 I
15 B B A AR e RIS B 1 G5 A A ) A
S5, A S B SE 1 A ) AL B O T A 3 1 A
#
3.10

sSors

Application in the detection of B-lacta-

mase

TE B~ Bt B AR M 77 T B B
AmpCB lactamase ( AmpC BLs) is also called
AmpC, which is a kind of B-lactamase generated
from mediation of chromosomes or plasmids of enter-
obacteriaceae or bacillus pyocyaneus and belongs to

class A in B-lactamase Ambler molecular structure

classification system and group I in Bush Jacoby Me-
deiros functional classification system, i. e. B-lacta-
mase which acts on cephalosporin and is not inhibi-
ted by clavulanic acid. In recent years, with exten-
sive application of B-lactam antibiotics and especial-
ly cephalosporin, more and more gram-negative ba-
cilli producing AmpC enzyme have appeared, and
especially ( derepressed ) continuously high-produ-
cing AmpC enzyme and plasmid-mediated AmpC en-
zyme have appeared, thus leading to extensive
spreading of drug-resistant strains and making it to
treat the infection by this kind of bacteria. This has
attracted much clinical attention. Therefore, the de-
tection of AmpC enzyme is of much clinical signifi-
cance.

AmpCR A% A ( AmpC BLs) , UFRAE 3k
TR 2R G, A F 7 TR 200 T T ¢ A0 P
g R ORL A 37 AR 1 — 2K B BRI I, J
B PBENEAE Ambler 73§45 73 &35 Y C A0
Bush Jacoby Medeiros ZfjRE /281 a8 — B, BIAE
TR R A C R AERR A 5 B At
R, AR, BEE B A BEICEPUE R U
SAE R I Z N, 7 AmpC g 9 5 22 BIPEAT
PROBOR B 22 UL, U HIE B 1 (2B ) Hp2k i ™
AmpC BEFIBCRL AT 3 (19 AmpC [, 3 S 25 7 bk
Iz AR R PR 12226 40 B IR T IR, 2
7 | L s R 9 v B2 AL, ORI AmpC g HAT AR
HE IR TE X

Quero et al. reported a LPFG biosensor working
in reflection mode for quick detection of AmpC [3-
lactamase. In order to enhance of the sensitivity of
the LPFG to the ambient refractive index, they coa-
ted a layer of atactic polystyrene film with high re-
fractive index on the LPFG surface. Afterwards,
they coated a layer of poly ( MMA ) -dimethylacrylic
acid copolymer on the polystyrene film surface so as
to provide a functionalized surface and promote cova-
lent immobilization of stable bioreceptors. They used
3-aminophenylboronic acid as the biological recogni-
tion element for AmpC B-lactamase in view of the

fact that 3-aminophenylboronic acid has excellent
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recognition performance and specificity to AmpC -
lactamase. According to the result, this biosensor
can detect the purified AmpC B-lactamase in PBS
and its detection limit is dozens of nM. The actual
effect of the proposed biosensor has also been further
verified in the lysate sample of E. coil containing

overexpressed AmpC B-lactamase o8

Quero 5 A4l T — iR AG I AmpC B 4
P A it ) S S PR R SO A= e et o O T e
A SRS AR & Bl T 5 3R 1) SR AERE A L
T —JZE T RO RIE SR . Bl)S
TESRIR 20 Wi IS 2 1 O — = 2R (P 28 T M 7R Y
Fii) - — W AR N IR IR AL R ), LIS Bt Th R AL T, fi2
PR AP AR L 8 E . BE T 3-E R
M AmpC B A g B A 0 R AR Bl PR REFI
PRSP, R TOR A 3-8 K™ o B A R i 1 2
PrFUioelt . 4550 B, X Fh AL s ol RIS I il
MR PR P 2EAL S AmpC B PG I i , A6 0 2 ik
FPJLHAEE oM, Fir 4 Y A= P 1% s 1 S Bk
RbAE AL FRE AmpC B WBLRZ B KA AT
T LA R g — 278 3 RS
3.11 Application in the detection of triglyceride

e H M = BRI 7 Y R A

Triglyceride is the constituent of lipids, and its
main function is to supply and store energy, fix and
protect internal organs. Normally, triglycerides in
plasma maintain a homeostasis. If the triglyceride
content increases, this can induce the diseases such
as diabetes, hypothyroidism, nephrotic syndrome
and pancreatitis, atherosclerosis, glycogenosis, etc.
If the triglyceride content is reduced, this can in-
duce the diseases such as hyperthyroidism, de-
creased adrenocortical function, severe liver dys-
function, chronic obstructive pulmonary disease,
cerebral infarction, malnutrition, congenital a-B li-
poproteinemia, etc. Serum triglyceride assay is a
conventional item of blood lipid analysis. Baliyan
et al. carried out covalent immobilization of lipase
on LPFG surface for triglyceride detection. The de-
tection principle is that the interaction of triglyceride

with enzyme will cause the shift of resonance wave-

length in the transmission spectrum of LPFG. In
comparison with the amperometric biosensor which is
widely used and needs multiple enzymes, this sensor
needs only a kind of enzyme, i.e. lipase. The sen-
sor showed the best response at 37 °C and pH =7.4
within 1min. In addition, the sensor has high speci-
ficity to triglyceride and is not affected by other mul-
tiple interfering substances in serum. The sensor
showed 0.5 nm/mM  high
17.71 mg/dL detection limit to triglyceride in hu-
man blood .
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P AR H i R A R, WU A AR IR S AE
JURERE B BB B I RERRAR T DO RE ™ EAKR
18 VB ZE VA A8 A 28 B TR AN R e R o-
B NRAE I MLAESF N o ILYF H-ih = 5 LA 1M
JEIIHT 9 H R H o Baliyan 25 ACKE i 107 i A
[ 5 TS WL et 2 i, 5 H- il =R
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PO, AL I PP AR 5 B T X — b . %
R TE 37 CFI pH 7.4 BZ&AF T, 76 1 min N
TR TR I N, T EL AR R =
P A i BE R S 1, AN 2 L P LB 2RI
PSRRI o 2 A% I 0 LR 1) H il =
AHT 0.5 nm/mM {1 & R AR 17,71 meg/dL
R BR "
3.12 Application in glucose detection

TERE RN 77 R R A

Glucose is the most widely distributed and most

sensitivity  and

important monosaccharide in nature. It has an im-
portant position in the biological field and is the
main energy source for organisms. In the human
body, glucose can quickly replenish energy, pro-
mote liver detoxification, strengthen memory, etc.

The concentration of glucose has a great influence on
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physiological activities. Too low glucose concentra-
tion may cause stroke or other vascular diseases. Too
high glucose concentration will lead to obesity, dia-
betes, kidney disease, heart disease, nerve dam-
age, etc. Glucose is the main source of carbon for
cell growth and product synthesis in fermentation
production, and the content of glucose directly de-
termines the amount of proliferation and metabolism
of producing strains. In addition, glucose is an im-
portant raw material for food processing, winemak-
ing, pharmacy, mirror making, printing, dyeing
and leather making, etc. Therefore, accurate deter-
mination of glucose content is of much significance to
the decisions on the treatment of diseases such as di-
abetes etc. and the control of industrial production.

AEIHE I B IR ) ELdR O A — b
BORE AR Y SUS R RO, SRR R R
RPN, TE MR, A B RE Pt rh SE e B AR
PEFFERRRE IR ICIC A5 o 7 4 W G e B X A
B A ARSI o R BE S A, AT B 32 A XL
sl A 1) AL R 5 TR R v 2 T U I IR
I TR O JUE G o 22 450 1 2 o R R TR AR
Hh, BRI R AR R B R,
R R A R A A R . b,
ksl P a1 ol N EZIN AR E R L
Az U TR, Y DN S A R S R
T PRI B IR T DR SR AN Tk 2R 7 P A
il B T B

Yang et al. assembled TiO,/PSS hybrid films
on the LPFG surface using the electrostatic self-as-
sembly technology and adjusted the refractive index
sensitivity of the LPFG by changing the assembly
layer number. They used this kind of porous films to
detect glucose, with the detection limit up to
10" M. But this paper doesnt involve the selectivi-

ty of glucose detection'™’.

Yang S5 AR P L B AUREOR , A DG
MR A% T Ti0,/PSS 285l I, i i 41 %
JEROAE T RSB I R R L . I
A FHK A 22 L 25 Fag F) 90 REAS: 00 1 7 2 , A 00 PR
PR 1077 M, (HZSCBEA W B 380X 4 2 WS 00

BIEES A

Deep et al. modified the LPFG surface with
glucose oxidase so as to achieve specific detection of
glucose. The refractive index sensitivity of the LPFG
used by the research group is 50 — 100 nm/RIU.
The detection range of the sensor to glucose concen-
tration is 0.1 — 3.0 mg/mL, and its sensitivity to
glucose detection is 0. 806 mg/mL'"".

Deep 45 N\l i 7 K J 39 Ml 2 1hi 46 i 7 %6
B SE A, SC B 10 4 4 B ) — PRI . b
FEL T 44 S S0 6 A 5 R R AU Dy 50
~ 100 nm/RIU , 1% A2 8% ] 41 26 Wl v F2 1) A D0 ¥
FElJE 0. 1 ~3. 0 mg/mL, X %5 2 BEAS: I (1) 52 45028 Ky
0. 806 mg/mL'""

4 Summary and prospect

B 2

This paper describes the working principle of
LPFG in the detection of biological substances.
LPFG has made significant progress in the detection
of biological substances, but up to now, the research
on biological substance detection with LPFG is only
in the laboratory innovation research stage, and no
commercial LPFG biosensor has appeared. It is nice
to see that LPFG itself has already been commercial-
ized. Looking around the world today, science and
technology are developing rapidly and changing with
each passing day. It can be expected that in the
near future, with the promotion of multidisciplinary
development in biological science, information sci-
ence, materials science, etc. , the development and
application of LPFG in biosensing technology will be
further quickened, and significant breakthroughs will
be made in several aspects below: (1) the species
and scope of biological substances to be detected by
LPFG biosensors will be increased; (2)the sensitiv-
ity of LPFG biosensors to the detection of biological
substances will be further enhanced, and LPFG bio-
sensors are expected to be one of the most sensitive

biosensors; (3) LPFG will be combined with other
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devices to achieve highly automated and integrated
detection of biological substances, and LPFG bio-
sensors are expected to develop into fast and portable
integrated biosensors with high sensitivity, high spe-
cificity and low cost; (4) LPFG will achieve online
continuous monitoring of biological substances in
complex systems; (5) commercial LPFG biosensors
will appear with further maturation of LPFG fabrica-
tion technology, optimization of LPFG surface bio-
functional film modification technology and matura-
tion of LPFG application technology. LPFG biosen-
sors will become an important part of the emerging
high-tech industry in the 21st century and will play
an important role in various sectors of the national e-
conomy. LPFG biosensors have a wide range of ap-
plication prospects in many fields such as food safety
inspection, biological pharmacy, biochemical engi-
neering, clinical examination, treatment monitoring,
medical care, biomedicine, fermentation industry
process monitoring and environmental monitoring and
treatment, eic.
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