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Abstract: The magnetic relaxation switches(MRS) technology based on superparamagnetic nanopar—
ticles (SMP) and their applications in biochemical analysis were introduced in this paper. In homoge—
nous magnetic field of miniaturized nuclear magnetic  the dispersed and aggregated states of SMP pro—
duce local inhomogeneities in the applied magnetic field resulting in the decrease or increase in the
spin + spin relaxation time(T,) of surrounding water molecules which is called magnetic relaxation
time (MRS) sensing effect. The magnetic particles binding with specific molecules can act as magnet—
ic relaxation switches(MRS) when they coupled specially with target analytes. In MRS assays the
presence of an analyte causes the particles to transition between dispersed and clustered states and af-
fects the T, relaxation times of surrounding water molecules. Compared with the conventional immu—
nological methods MRS assay is more sensitive simple and time-saving due to its combination of
nanobiotechnology  nuclear magnetic resonance and immunoassay. Predictably it has a remarkable
application potential in the fields of medical diagnosis environmental monitoring food safety analy—
sis  public healthy security and molecular interactions study ete.
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Fig. 2 Scheme for the detection of virus based on the MRS *

) Decreased particle concentration

¥ 9 % )
NP .00 E MP
aggregate s, g EY aggregate

b} Magnetic~field-enhanced target aggregation

Sche, :_ % S
o
3 " wa. R
e i}-’-g no H . l'-’,r-n“\f-‘""a _—
LRt ——4 P}
kg oAy "‘3’5 i gad "'""‘i’_\?' kR,
fidE '=W<( oy . ®
- : 2 'y i et
0-. 4 - i H a Tl
. s, - g’—h‘-
3 J e Ay ‘-"v!“
P —‘_‘"“f 3 g»,_:f % no H s 3
H T = F® e ¥
L} i"‘3 - -
Rt vy
) Valeney—enhanced aggregation
,He- (L1 adnl, [y
- E % F L ' 3
L 1 ' a1 F Y Mouse—anti-Tag
by "
"] AR, Y ?"”’ - . -
- r g - 1 r4 T Yhhurp-mm-mmsu
ey . 1 St
L) . . iy e ‘§
L e
15
3 MRS 3

Fig.3  Three approaches of increasing MRS sensitivity °
; 3b

MP



1228 30

MRS - Kong 2
(Al -acid glycoprotein(AGP)) MRS
(Prozone effect) MRS o N AGP
0. 66 nmol /L. AGP o Cai 7 (PMMA)
~ a ) (1)
(PSA) 17.3 ~43.2 ng/mL 13.7 ng/mL
18 26 min( 4 )
o (o< :
e ® —< 8 Y 9 —
" TN 4 N avas« /' \. L]
—_ T X ray ® — agnetic
—/. = \. — 4“. - ® \‘.4’ '\. _<. _<. ni‘nn?;:;rlllir:lu
Dextran
e
Ligand
v
Analyte
PMMA chip MRI
4 33
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Fig. 5 Scheme for detection of molecule based on the magnetic relaxation switches *°



11 : 1229

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

Thanha N T K Green L A W. Nano Today 2010 5: 213 -230.

Zhuang ] Cheng T GaoLZ ITwoYT RenQ LuD TangFQ Ren XL YangDL Feng] ZhuJD YanX
Y. Toxicon 2010 55: 145 -152.

Dhumpa R BuM Q Handberg K J Wolff A Bang D D. J. Virol Methods 2010 169: 228 —-231.

Laurent S Forge D Port M Roch A Robic C Elst L'V Muller R N. Chem. Rev. 2008 108: 2064 —2110.

Lu A H Salabas E L Schuth F. Angew. Chem. Int. Ed. 2007 46: 1222 -1244.

Parka I K NgCP Wang JN ChuB C Yuan C Zhang SR Pun S H. Biomaterials 2008 29: 724 —732.

Jun YW Lee] H Cheon] W. Angew. Chem. Int. Ed. 2008 47: 5122 —5135.

Na HB Song 1 C Hyeon T. Adv. Mater 2009 21: 2133 -2148.

Qiao RR Yang CH Gao M Y. J. Mater. Chem. 2009 19: 6274 —6293.

Schlorf T Meincke M Kossel E  Gliier C C  Jansen O Mentlein R. Int. J. Mol. Sci. 2011 12: 12 -23.

XieJ] XuC]J Kohler NH Hou Y L SunS H. Adv. Mater. 2007 19: 3163 -3166.

Koh I Josephson L. Sensors 2009 9: 8130 -8145.

Perez ] M Josephson L. Oloughlin T Hogemann D Weissleder R. Nat. Biotechnol. 2002 20: 816 —820.
Tsourkas A Hofstetter O Hofstetter H Weissleder R Josephson L. Angew. Chem. Int. Ed. 2004 43: 2395 —2399.
Daniel KD Kimb G Y Vassilioue C C  Galindoa M Guimaraesd A R Weisslederd R Charest A Langera R Ci-
ma M J. Biosens. Bioelectron. 2009 24: 3252 -3257.

Qiao RR Yang CH Gao M Y. J. Mater. Chem. 2009 19: 6274 —6293.

Schlorf H Meincke M Kossel E  Gliier C C  Jansen O Mentlein R. Int. J. Mol. Sci. 2011 12: 12 -23.

Guo L LiuG Hong RY LiHZ. Mar. Drugs 2010 8: 2212 -2222.

Taktak S Sosnovik D Cima M J Weissleder R Josephson L . Anal. Chem. 2007 79: 8863 - 8869.

Koh I Hong R Weissleder R Josephson L. Anal. Chem. 2009 81: 3618 —3622.

Perez ] M Josephson L. Weissleder R. ChemBioChem. 2004 5: 261 —264.

Oloughin J T Simeone F J Weissleder R Josephson L. J. Am. Chem. Soc. 2002 124(12) : 2856 —2857.
Colombo M Ronchi S Monti D Corsi ¥ Trabucchi E  Prosperi D. Anal. Biochem. 2009 392: 96 —102.

Kim GY Josephson L Langer R Cima M J. Bioconjugate Chem. 2007 18: 2024 -2028.

Perez J M Grimm J Josephson L. Weissleder R. Neoplasia 2008 10(10) = 1066 —1072.

Liang GH CaiSY ZhangP PengY Y Chen H ZhangS KongJ L. Anal. Chim. Acta 2011 689: 243 —-249.
Kaittanis C Nath S Perez ] M. PLoS ONE 2008 3(9): e3253.

Perez ] M Simeone F ] Saeki Y Josephson L. Weissleder R. J. Am. Chem. Soc. 2003 125: 10192 -10193.
Kaittanis C  Naser S A Perez ] M. Nano Lett. 2007 7(3): 380 -383.

Kaittanis C  Santra S Perez ] M. J. Am. Chem. Soc. 2009 131: 12780 -12791.

Koh I Hong R Weissleder R Josephson L. Angew. Chem. Int. Ed. 2008 47: 4119 -4121.

CaiSY Liang GH Zhang P Chen H Zhang S Liu BH KongJ L. Analyst 2011 136: 201 -204.

Cai SY Liang GH Zhang P Chen H Zhang S Liu BH Kong J L. Biosens. Bioelectron. 2011 26(5): 2258 —2263.
MaW ChenW QaoRR LuCY YangCH LiZK XuDH PengCF JinZY XuCL ZhuSF Wang
L B. Biosens. Bioelectron. 2009 25: 240 —243.

Kulkarni A’ A Weiss A A Iyer SS. Anal. Chem. 2010 82: 7430 —7435.



