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Fig.1 Classification and application of magnetic

relaxation switching biosensors
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Fig.2 Magnetic nanoparticles-mediated MRS biosensors
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KA MNP 254 8 B4 ek b, nl 8 3% R A% R 1Bk
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MN, , FER HAE NG S IR A5 S e il & —FhfF
ST R RRE M R AF . AN, B HY miRNA
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X N AR A BREAA B ™ E R Y L TE AR v, B R

53 F 435 MNP, -BSA-RE FE W55 G VR 45 & — 401
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£ 24 DBCO i s5, e 8% 3 3k K i 1) azide-MNP,,
(DBCO e 5 & ALY (azide) KA W) IE AR
) 5 38 A 8 53 B AU R A (R AT A5 B R SR Y azide-
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TERGES A SRR G M T EEB X MRS
LA . % T AR S Cu AL B Z LW Ak
B 1, 3-fH AR 2 B Y i i Ak 2= SO (CuAAC) 57
s FURE 1) R 285 78 b sl 08 T R R T B AR A, A
2E FrR s /Ny F AR A AE B A9 TE 96 fLAk -
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AN MNP, -azide (1 43 25 3B A [6]) , If X H:
HEAT ToA5 5 52 s B A8 202 S 1 0k 450 it 11 A8
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T L RG: 5 F- V5 h S IWLRE 5 5 A T 2 A AN
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W7 T L 28 T AR A B EAT T IR R TAE . AN
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AT 508 B K b ¥ B8 1 G A ) A% TR A 1 I T
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AR L AR W) s AR W AR O T BRI By L

e
H 52



142

LSS N O

5 40 &

° 0.013 0.064 032 1.6 4 8
[Fe**/Fa**](mM)

Glucose

%leon

H,0, (Oxidize) [

'@ @ (Reduce)

(ALP)/’\@ @
-0 o

HO:, g3 SON,
- g

AT, (ms)
T, (ms)
(ms)

] K
TFer] o'l [Fo-SCN]

Signal Amplification

H,0,
ho, Ll o W .
j}‘%‘ scu Q\
Glucose
\ Biochemical Analysis Immunoassay y

"""""" A o
"\ / -"'—N "Off state”
3

1
1
1s2 252 2p® 352 3p® Non ESR |
. 1
Mn(ll) 4 N 1
[ \J E "On state" |
15?22 2p® 352 3p® 3d° Long ESR 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
HO 0'?? OH_ ALP-SA 1
—\. OH
. 1 1
s ”° so° , o -o_Biotin-Ab |
i = 23 Non -reducing * =,
J i aLP 25 X I
] S A 1
HO o
i Ractopamine detection ono Salmonella detection 1
11 Reducing 1
1
1

Mn(l)

L~ 1"
0 o i @ /_\
Cu(l)-BCS complex 7\ /

B3 IRESEFN

Fig.3
e
A - 3

200m “s . .
NV . s “click 3.9, W
— S 4. Ak N
7S A s s
800 nm w ug/mL probe)
e (aImLProbe) (ngimL probe) (oq/mt probe)

— o Low I High
1000 o (4N

o
%
3
8
b4
3
H
S
ES

TZMNPy

' targetantibiotics Y % Y antibody

)
F Y - yaaL o

O O O O

& . A
— P

Antibody  ~ Polylysine s DOTANHS _© Gd*

' Ractopamine €3 BSA

B 4

S8 MRS £ E R R

Paramagnetic ion mediated MRS biosensors

Ligand
oxchange

Roactive
Oxygon Species
(ROS)

Oleic acid-coated PEGylated bilirubin-coated

1 ROS-responsive

(Oleic acid@SPION) (PEG-BR@SPION) PEG-BR@SPION

ROS-induced MRSw ROS-induced MRSw

Dispersing SPIONs with
intact PEG-BR sholl

Aggregating SPIONS with
oxidized & pooled-off PEG-BR sholl

BRSNS 8 MRS £ E RS

Fig.4 Novel magnetic probe mediated MRS biosensors

i 23 a] R B A 45 F 1 “ Ab-MINPs, -2 B & 1R 7
Y, R F ¥ X G B T B AR5 &M fe

TS B RO A I A LS —
Xianyu S0 UL WA A T — B AR RGO B S WAL T
— K B AR

SHE ) MRS LR (F 4B) .,
T AR ok 2 B & TR PR e FEPUIR (Ab) 458 3%
i 2 2% 3 44 A 1 Ok (MNP, . ) 1 22 10 . 15 8 o5 £

DOTA {HEFE 2 B A R ) 0m . il i DOTA #fi
d3+ 9:35? 'H‘j(EAE/J Gds+%¥%§AT MNP]oo%E{
SFE]“Ab-MNP,; -2 Bl &/ R-DOTA-Gd* " " £



51

TR U A5 TG R A ) A R T T A AR I v B 1z LT 9

143

FEAE TR YUK RPERIRE . o, Gd™ 2 BA
SR REAR 5 ARG 25 -1 Tl AT 22 R R v 3
Gd™™ Wy R &y — F A5 5 R o B, 0 R 5
Gd™ BEfF 5 Mt RN o 2 EAF S RS R,
RIS 5 e M s N AR S5 AL TSN
H s e R I . 5% 500 MRS 5% 1% & 4%
AL, RBUEHR G T 25 A% 75 SEBRAE S A I v, A
25 W 3 OB AR 1% - T vk A AR I W) Ak
Tk T B SR LR AR T R IR B T LA Ry R A
B ARAAR, SEEL E bR 0 A R S R PR AR T ) —
TR KRR T 8T ik B E D R 3R & T4
335 238, A DROHURS Iy T HLAT R

B 1 A T s 2 2 SR W A L K i JOURE 1E AT 2 T8
1 e P ST B TR L R T A% RS M RE A BT
. Lee %M 30 3 4 8 Bl 7 F R 2 FE ek 1 R
41 & (poly Cethylene glycol )-modified bilirubin
(PEG-BR) , PEG-BR) 1 9 - i il 1 P % 1k 4 48 K
WKL (SPIONs) & 18, il % 7 PEG-BR@ SPION s
BAE I T A (ROS) BRI (] 4C), HBEA
JRER . 24 ROS f7 76 if , PEG-BR 4178 )2 E 1% 9 4
LKV R PEG-IRER &R, IF F — 2 g S| b o &
FEW), #ET N SPIONs KWL TE . £ EEd .t
TWeH| 3 AT e Ve B 7% 28 2 1) SPIONs A A
R, RS AL, I B ROS 1Y 52 &2 5 17 .
WF 5T 25 % W ., PEG-BR@SPIONs BE#E £ B A & i
AR EPE RS 2 I AR B2 IR B8 R ROS 1 i 2 i
G3HT L AE I PR 2 W 4 B A R B T . B
UKL R g KR B K R L BT AL 9 oK R R
W S W 5t T8 AR W AR R A T T ) H A AR R A Y 5
Wz —.
24 WREEE MRS

O 45 0 BRSO AR s R B S =
(lab-on-a-chip) , A5 43 # 3 BE AR ORE 0 i 200 A
Bl ALTR BE &7 A0 Bl A AR S5 O A A A A 3 BT Ll R
W2 S T A W S T N Tz e
DR SO T R R A W A R R S T
WEFEARANZE A TF & T — Fh /8932 Wi i 35 R (DMR)
ARG (K 5.

iZ DMR # 4t 32 2 A0 45 U & 43 - F 4% il 3
N5 119 sl 4 B B ) L DT R o A LR 5 104 BRI IAE AR
Do 28 | B TR A i kA v R R R0 T P AR AR R R
MK BEAR . 2% R G0k 241 1 2 B HE S FE — A B
A e, R SIC IR 2 0 S A - B8 A Hb 3 N A A

Lee

Sample

I
I
I
1
1
1
1
1
1
1
ol
1
1
1
1
1
1
1
}

B 5 fiRESHTSHNES LR (DMR) R %

Fig.5 Microfluidic chip mediated miniaturized

diagnostic magnetic resonance (DMR) system
U s TR0 A 28 8 A 42 1 /I PR RO R AN 52 B H A
Yy oy A . A I R ST AR TR BORLIR 25
AR MRS, SEHUE 5 R 5. %4 DMR
RGBT IS AE A A B A RES S LA TR L 2R
H AR G W 55 H AR A DA I . 1 A B 0T
0 AR A T S AR ASCR 2 — A0 il (DMR-1) , 1% B
ik X Hgt 47 17 I 9, Bl g — AL DMR & 48
(DMR-2)"" 55 =8 DMR FR &t 46 7EJERE AR
SO E S ¥ o) P R R A AR S 2 O I AT T
DAl 3158 T I L 7 DRSg s 0 O 1) HAT R4
i S A I

3 iR

T St T3 A A TR AR A O — B AR W B AL B
55 2 B SURY T B e B AT 2 A i PR LA
Wi L e | F5 A T B 28 D0 A, 6 T A ] D L A ot 70 A
Wy A TS (9] i T O BR 28 /50 78 A 4 stk 75
e It 3 T WL 5 1 1) i ot A% S i 45D L &2 i
TR A5 A AR PR 12 W 45 224> S0, 0 PR A ) 4
AR e BA B A HE S . BRATAE RRAE L
NILANT 1T R TR F0 K 2 e Bl i ot 76 A ) 1 Tk
Az B

COJF K8 BURE A0 R AR B . BlEE DR BL 7 FOR
10 5 8 L 25 TP AR A BHIZ AN S5 O SR A 9 4 %
PEREDD KA L 28 K TR AT S B3t T A R 25 48 . e ob.
B B Tl A0 KR BT K RE A AT S84R v  st BRAE W A%
SRR A5 5 T2 1 R BE L 90 T WG ot T8 2R W AR SRR AR A R
G T €558 19 7

(2) Z27F H ARy () i A6 0 L% g 3 e A 0 itk — 25
K& . AEN RIS W B 22 4 BRI I I 25 s 2
FEAE R B TP FBCEE 1 F AR 9 7 2 P A, T &



144

PN

%40 B

%EEH%HH&MﬁmLEmM%%¢%%M
B3 R ot TR AR W A SR A A R A - 5 LA
PSR X

(3) st 4 A% B A% 19 18 3l 4k L 3 Re Ak A 44 1k
BARE A B T #0587 DMR &G Wi, 5
H R EB 43 1 5t B A W) A% I AR AR Ak L B B Ak (B
BEACTT AT AR AE — 2 AR R 5 BN W7 5 Ll 2 B
B8 SR S B2 e 1 ot TR A= 0 A% SRR AR AE LG T T 1 1 E

(4 7 BTG 5t T3 A ML TR R AR R . T AR ) ot
T AL AL ] J2: 4 22 7 780 A st 7 2 ) A% SR 1 S A
AE % AR AR |4 20 1 ot B3 A% SR R itk — 20 R g
2 A G0 BRI 58 N 5 7 R S O E I T A

2 # ik References

[1] LI X,PAN X M, LU J M,et al.Dual-modal visual/photoelec-
trochemical all-in-one bioassay for rapid detection of AFP u-
sing 3D printed microreactor device[ J/OL]. Biosens bioelec-
tron, 2020, 158; 112158 [ 2020-10-19 J. https://doi. org/10.
1016/j.bi0s.2020.112158.

[2] DONG Y Z,ZHENG W S,CHEN D,et al.Click reaction-medi-
ated T» immunosensor for ultrasensitive detection of pesticide
residues via brush-like nanostructure-triggered coordination
chemistry[ J].J] Agric Food Chem,2019,67 (35):9942-9949.

[3] GARCIA-RUBIO D L,DE LA MORA M B,CERECEDO D, et
al. An optical-based biosensor of the epithelial sodium channel
as a tool for diagnosing hypertension[ J/OL].Biosens bioelec-
trons 2020, 157 112151 [ 2020-10-19 7. https://doi. org/10.
1016/j.bios.2020.112151.

[4] SONG Y C,XU T L,ZHU Q L.et al.Integrated individually
electrochemical array for simultaneously detecting multiple
Alzheimer’ s biomarkers [ J]/OL . Biosens bioelectron, 2020,
162: 112253 [ 2020-10-19 . https://doi. org/10. 1016/]. bios.
2020.112253.

[5] XU L Z,SHOAIE N,JAHANPEYMA F,et al. Optical, elec-
trochemical and electrical (nano) biosensors for detection of ex-
osomes: a comprehensive overview [ J/OL]. Biosens bioelec-
tron, 2020, 161 112222 [ 2020-10-19 ]. https://doi. org/10.
1016/j.bi0s.2020.112222.

[6] PEREZ ] M,JOSEPHSON L,OLOUGHLIN T,et al. Magnet-
ic relaxation switches capable of sensing molecular interactions
[J].Nat Biotechnol,2002.,20 (8):816-820.

[7] ZHOU Z],TIAN R,WANG Z Y, et al. Artificial local magnet-
ic field inhomogeneity enhances T, relaxivity [ J/OL]. Nat
Commun, 2017, 8: 15468 [ 2020-10-19 J. https://doi. org/10.
1038/ncomms15468.

[8] TSOURKAS A.HOFSTETTER O,HOFSTETTER H,et al.
Magnetic relaxation switch immunosensors detect enantiomeric

impurities[ ] ].Angew Chem Int Ed,2004,43 (18):2395-2399.

[9] DANIEL K D,KIM G Y, VASSILIOU C C,et al.Implantable
diagnostic device for cancer monitoring[]].Bioscns bioelectron,
2009,24 (11).:3252-3257.

[10] ZHOU Z J,BAI R L,MUNASINGHE J,et al.T-T> dual-mo-
dal magnetic resonance imaging: from molecular basis to con-
trast agents[ J].ACS nano,2017,11 (6):5227-5232.

[11] XIAO J,ZHANG G, QIAN ], et al.Fabricating high-perform-
ance T,-weighted contrast agents via adjusting composition
and size of nanomagnetic iron oxide[ J ]. ACS Appl Mater Inter-
faces,2018,10 (8):7003-7011.

[12] XIANYU Y L,WANG Q L,CHEN Y P.Magnetic particles-en-
abled biosensors for point-of-care testing [ ] ]. Trends Anal
Chem,2018,106:213-224.

[13] YANG L.,WANG Z,MA L,et al. The roles of morphology on
the relaxation rates of magnetic nanoparticles ] ]. ACS Nano,
2018,12 (5):4605-4614.

[14] COLOMBO M, CARREGAL-ROMERO S,CASULA M F,et
al.Biological applications of magnetic nanoparticles[ ]J]. Chem
Soc Rev,2012,41 (11):4306-4334.

[15] SHIN T H,KANG S,PARK S, et al. A magnetic resonance
tuning sensor for the MRI detection of biological targets[ ] ].
Nat Protoc,2018,13 (11):2664-2684.

[16] WANG H,YU D, LI B,et al. Ultrasensitive magnetic resonance
imaging of systemic reactive oxygen species in vivo for early
diagnosis of sepsis using activatable nanoprobes[J].Chem Sci.,
2019,10 (13):3770-3778.

[17] MIN C,SHAO H L,LIONG M, et al. Mechanism of magnetic
relaxation switching sensing[ J ]. ACS nano,2012,6 (8):6821-
6828.

[18] TAKTAK S,SOSNOVIK D,CIMA M J,et al. Multiparameter
magnetic relaxation switch assays[]]. Anal Chem. 2007, 79
(23):8863-8869.

[19] ZHANG Y,YANG H,ZHOU Z,et al.Recent advances on mag-
netic relaxation switching assay-based nanosensors[ J].Biocon-
jugate Chem,2017,28 (4):869-879.

[20] JIA F,XU L,YAN W,et al. A magnetic relaxation switch apta-
sensor for the rapid detection of Pseudomonas aeruginosa u-
sing superparamagnetic nanoparticles [ J ]. Microchim Acta,
2017,184 (5):1539-1545.

[21] MA W,YIN H,XU L,et al.A PCR based magnetic assembled
sensor for ultrasensitive DNA detection[ ] ]. Chem Commun,
2013,49 (47):5369-5371.

[22] PEREZ ] M,SIMEONE F J,SAEKI Y,et al.Viral-induced self-
assembly of magnetic nanoparticles allows the detection of vi-
ral particles in biological media[J].] Am Chem Soc,2003,125
(34):10192-10193.

[23] KAITTANIS C,NASER S A,PEREZ J M. One-step, nanopar-
ticle-mediated bacterial detection with magnetic relaxation[]].
Nano Lett,2007,7 (2):380-383.

[24] CHEN Y P,XIANYU Y L.DONG M L,et al.Cascade reaction-

mediated assembly of magnetic/silver nanoparticles for ampli-



51

TR U A5 TG R A ) A R T T A AR I v B 1z LT 9

145

fied magnetic biosensing[ J]. Anal Chem,2018,90 (11):6906-
6912.

[25] ZHAO M, LI X,ZHANG Y,et al.Rapid quantitative detection
of chloramphenicol in milk by microfluidic immunoassay
[J/OL].Food Chem,2021,339:127857[2020-10-19 ]. https://
doi.org/10.1016/j.foodchem.2020.127857.

[26] CHEN Y P,XIANYU Y L,WANG Y.et al.One-step detection
of pathogens and viruses:combining magnetic relaxation switc-
hing and magnetic separation[ J].ACS nano,2015,9 (3):3184-
3191.

[27] CHUNG H J,CASTRO C M,IM H, et al. A magneto-DNA
nanoparticle system for rapid detection and phenotyping of
bacteria[ J ].Nat Nanotechnol,2013,8 (5):369-375.

[28] LU W J,CHEN Y P,LIU Z,et al.Quantitative detection of mi-
croRNA in one step via next generation magnetic relaxation
switch sensing[ J].ACS nano.2016,10 (7) :6685-6692.

[297 GAO Y.XU S,HE T,et al.Ultrasensitive and specific microR-
NA detection via dynamic light scattering of DNA network
based on rolling circle amplification[ J/OL].Sens actuators B,
2020, 324: 128693 [ 2020-10-19 ]. https://doi. org/10. 1016/j.
snb.2020.128693.

[30] ZHENG W S,ZENG L. W,CHEN Y P.Bioorthogonal reactions
amplify magnetic nanoparticles binding and assembly for ultra-
sensitive magnetic resonance sensing[ J]. Anal Chem,2020,92
(3):2787-2793.

[31] LIU J, KONG D, LIU Z, et al. Three-dimensional mesoporous
dendritic fibrous nanosilica as a highly efficient DNA amplifica-
tion platform for ultrasensitive detection of chlorpyrifos resi-
dues[J/OL].Sens actuators B,2020,319:128246[2020-10-19].
https://doi.org/10.1016/j.snb.2020.128246.

[32] WU L,XIANYU Y L, WANG Z L, et al. Amplified magnetic
resonance densing via enzyme-mediated click chemistry and
magnetic separation [ J ]. Anal Chem, 2019, 91 (24): 15555-
15562.

[33] MEADE T J, TAYLOR A K, BOLLRS. New magnetic reso-
nance contrast agents as biochemical reporters[ ]].Curr Opin
Neurobiol,2003,13 (5):597-602.

[34] CARO C,GARCIA-MARTIN M L,PERNIA LEAL M.Manga-
nese-based nanogels as pH switches for magnetic resonance
imaging[ J ].Biomacromolecules,2017.18 (5):1617-1623.

[35] LIU Z X, XIANYU Y L, ZHENG W S, et al. T1-mediated

nanosensor for immunoassay based on an activatable MnQO;

nanoassembly[ J].Anal Chem,2018,90 (4):2765-2771.

[36] ZHAO Z H,SUN C J,BAO ] F.et al.Surface manganese sub-
stitution in magnetite nanocrystals enhances T'; contrast ability
by increasing electron spin relaxation[ ]J].] Mater Chem B,
2018,6 (3):401-413.

[37] CHEN Y P, YIN B F,DONG M L, et al. Versatile T;-based
chemical analysis platform using Fe®' /Fe?' interconversion
[1].Anal Chem,2018,90 (2):1234-1240.

[38] DONG M L,ZHENG W S,CHEN Y P, et al. Fe-T; sensor

based on coordination chemistry for sensitive and versatile bio-
analysis[J].Anal Chem,2018,90 (15):9148-9155.

[39] DONG M L,ZHENG W S,CHEN Y P,et al.Cu-T; sensor for
versatile analysis[ J].Anal Chem,2018,90 (4):2833-2838.

[40] WANG Z L,XIANYU Y L,ZHANG Z,et al. Background sig-
nal-free magnetic bioassay for foodborne pathogen and residue
of veterinary drug via Mn(VII)/Mn(II) interconversion[ ] ].
ACS Sens,2019,4 (10):2771-2777.

[41] YUAN Y, RENDE D, ALTAN C L, et al. Effect of surface
modification on magnetization of iron oxide nanoparticle
colloids[J].Langmuir,2012,28 (36):13051-13059.

[42] XIANYU Y L,WU J,CHEN Y P, et al.Controllable assembly
of enzymes for multiplexed lab-on-a-chip bioassays with a tun-
able detection range[ ]]. Angew Chem Int Ed Engl, 2018, 57
(25):7503-7507.

[43] CHEN Y P,XIANYU Y L,WU J,et al.Click chemistry-media-
ted nanosensors for biochemical assays[J]. Theranostics,2016,
6(7):969-985.

[44] ZHOU Z J,HU R,WANG L R,et al. Water bridge coordination
on the metal-rich facets of Gd,O3; nanoplates confers high T,
relaxivity[ ] ].Nanoscale,2016,8 (41):17887-17894.

[45] ZHANG W Y, MARTINELLI J,PETERS ] A.et al.Surface
PEG grafting density determines magnetic relaxation proper-
ties of Gd-loaded porous nanoparticles for MR imaging applica-
tions[J]. ACS Appl Mater Interfaces, 2017, 9 (28); 23458-
23465.

[46] XIANYU Y L,DONG Y Z,WANG Z L, et al. Broad-range
magnetic relaxation switching bioassays using click chemistry-
mediated assembly of polystyrene beads and magnetic nanopar-
ticles[ JJ.ACS Sens.2019,4 (7):1942-1949.

[47] XIANYU Y L,DONG Y Z.ZHANG Z.et al. Gd*" -nanoparti-
cle-enhanced multivalent biosensing that combines magnetic
relaxation switching and magnetic separation[ J/OL]. Biosens
bioelectron, 2020, 155: 112106 [ 2020-10-19 . https://doi. org/
10.1016/j.bi0s.2020.112106.

[48] WANG Y, YANG T,KE H,et al.Smart albumin-biomineral-
ized nanocomposites for multimodal imaging and photothermal
tumor ablation[ ] ].Adv Mater,2015,27 (26) :3874-3882.

[49] LEE D Y,KANG S,LEE Y.et al. PEGylated bilirubin-coated i-
ron oxide nanoparticles as a biosensor for magnetic relaxation
switching-based ROS detection in whole blood[ ]J]. Theranos-
tics,2020,10 (5):1997-2007.

[50] WU Y T, YANG C E,KO C H, et al. Microfluidic detection
platform with integrated micro-spectrometer system/[ J/OL].
Chem Eng J»2020,393:124700[ 2020-10-19 ]. https: //doi. org/
10.1016/].c€j.2020.124700.

[51] LI X T,LIAO X,LIU Y M.A microfluidic platform integrating
paper adsorption-based sample clean-up and voltage-assisted
liquid desorption electrospray ionization mass spectrometry for
biological sample analysis[J/OL]. Talanta, 2020, 217121106
[2020-10-19].https://doi.org/10.1016/j.talanta.2020.121106.



146

PN

840 %

[52] HE X,GE C,ZHENG X, et al.Rapid identification of alpha-fe-
toprotein in serum by a microfluidic SERS chip integrated with
Ag/Au nanocomposites[ J/OL]. Sens actuators B, 2020, 317
128196 [ 2020-10-19 1. https://doi. org/10. 1016/. snb. 2020.
128196.

[53] MO Y, LU Z, RUGHOOBUR G, et al. Microfluidic electro-
chemistry for single-electron transfer redox-neutral reactions
[J].Science,2020,368 (6497):1352-1357.

[54] CHEN W W,SHAO F C,XIANYU Y L.Microfluidics-imple-
mented biochemical assays:from the perspective of readout[]/
OL].Small,2020,16 (9):e1903388 [2020-10-19]. https://doi.
org/10.1002/smll.201903388.

[55] LEE H,SUN E,HAM D, et al.Chip-NMR biosensor for detec-

tion and molecular analysis of cells[J].Nat Med,2008,14 (8):
869-874.

[56] LEE H,YOON T J,FIGUEIREDO J L,et al.Rapid detection
and profiling of cancer cells in fine-needle aspirates[ J].PNAS,
2009,106 (30):12459-12464.

[57] ISSADORE D, MIN C, LIONG M, et al. Miniature magnetic
resonance system for point-of-care diagnostics[J]. Lab Chip,
2011,11 (13).2282-2287.

[58] HAUN J B.YOON T J,LEE H, et al. Magnetic nanoparticle
biosensors[ ] ].Nanomed Nanobio,2010,2(3):291-304.

[59] CASTRO C M,GHAZANI A A,CHUNG J,et al.Miniaturized
nuclear magnetic resonance platform for detection and profiling

of circulating tumor cells[J].Lab Chip,2014,14 (1):14-23.

Progress of magnetic relaxation switching biosensors

for rapid detection in food safety

DONG Yongzhen, WU Zijing, WANG Zhilong,CHEN Yiping

College of Food Science and Technology s Huazhong Agricultural University sWuhan 430070 ,China
Abstract Rapid detection as an efficient and convenient detection method is considered to be an im-
portant means to effectively improve food safety detection and clinical diagnosis capabilities. Magnetic
relaxation switching (MRS) biosensor has become a new method and new tool for rapid detection due to
its excellent analytical performance and simple analysis process. The development of MRS biosensor be-
gan with the discovery of magnetic relaxation. When the state (dispersion or aggregation) of superpara-
magnetic nanoparticles changes in aqueous solution, the uniformity of its local magnetic field can be
changed to form a non-uniform local magnetic field followed by a transverse relaxation speed acceleration
of the surrounding water molecules and shortening of the transverse relaxation time. Based on this prin-
ciple,different biomolecular recognition elements including antibody,enzyme,nucleic acid can be used to
assemble MRS biosensor for rapid detection of targets. MRS biosensors can be mainly classified into four
types: (1) Magnetic nanoparticles-mediated MRS biosensors, which contain the MRS biosensors based
on the state change of magnetic nanoparticles; (2) MRS biosensors based on the number change of mag-
netic nanoparticles ; (3) MRS biosensors based on the state and number changes of magnetic nanoparti-
cles; (4) Paramagnetic ion mediated MRS biosensors,a novel MRS biosensors based on the spatial di-
pole-dipole interactions between paramagnetic ions (contain multi-unpaired electrons) and hydrogen pro-
tons. Combined with portable miniature NMR instrument, MRS biosensors can be realized on-site quick
testing. In this paper,we reviewed the different sensing principles and the progresses of MRS, In addi-
tion, we discussed the development and improvement of MRS in the aspects of signal transformation
mechanism, the performance of magnetic probe, signal amplification system and biosensor stability. Fi-
nally,we discussed the main problems of MRS biosensors. The future development or breakthrough of
MRS biosensors in the field of rapid detection was prospected.
Keywords magnetic relaxation switching biosensors; rapid detection; food safety detection; early
clinical diagnosis; signal conversion mechanism; nano magetic probe; high throughput detection
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