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Abstract: Superparamagnetic polymers (SPMP) microbead waexaellent form for
nanosized magnetic particles less than 10nm tizeetieir potential applications in many
fields. We developed a novel modified suspensidypperization method for the production
of superparamagnetic poly (methacrylate divinyllee® (PMA-DVB) microbeads, with
amino groups on their surface after simple modifces. We applied these SPMP
microbeads to establish a sandwich enzyme chemikemee immuno (ECLIA) procedure of
detecting the free hCGn serum. It was proved to a better method contptreéhe ELISA,
since it need half of the sample volume, simplestqgmols, and the time it need was
shortened from 2 hours to 1 hour. The detectiorit mas 0.22 mlUerit, one order lower
than the ELISA assay. Its linear range was betw@d8—185.2 mlUsrit. And in the
detections of clinical serum samples, the relatedfficient between the two methods’
results was 0.955.

Keywords: superparamagnetic polymer microbeads, modifiepenson polymerizatiok
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1. Introduction

The prospects of superparamagnetic nanopartiockemare and more extensively thought highly of
nowadays. The most unique feature of the magnatiticfes is their response to magnetic force, and
this feature has been utilized in many fields, sastgiant magnetoresistance (GMR) biosensors [1],
diagnosis [2], and hyperthermia therapy of can{®sdrug targeting [4], cell sorting [5], isolaticof
rare hematopoietic progenitor cells [6], sensitthaical immunoassays [7], etc. Different synthesis
approaches of the applicable magnetic particleseaids were developed for different purposes [8].
However, as a result of anistropic dipolar att@actinanometer-sized particles intend to aggregéde i
larger clusters, losing the particular propertiessogiated with their nanometer dimensions. A
protection shell of coating materials was prepaeedover the superparamagnetic nanoparticles to
prevent the core agglomeration. &i al [9] introduced the initiator 10-carboxydecanyl 2wro-2-
methylthiopropanoate onto the surface of maghemniiézed surface-initiated atom transfer radical
polymerization (ATRP) to synthesize perfect polyshe/maghemite core/shell polymeric nanobeads.
Kim et al [10] synthesized composite nanostructures from m@gmanoparticles and cross-linked
amphiphilic block copolymers with magnetomicelleQiu et al [11] succeeded in preparing
polypyrrole-FgO, magnetic nanocomposite by ultrasonic irradiatiang magnetic nhanobeads were
endowed with electric conductivity. All these maggo@anobeads had only one or two single original
nanoparticles as their magnetic cores, which woesalt in weak magnetophoresis ability [6], and in
turn the magnetic separation effect would be wea#ten

Recently, we developed a modified suspension paiygaigon method to prepare super-
paramagnetic polymers (SPMP) microbeads with naedsmagnetic particles (less than 10nm in
diameter) within their polymeric framework [12]. Nboke the normal polymeric beads of several
hundred micrometers, these SPMP microbeads werl smaller, around 3 microns in their diameter.
Because there were many 8-nm magnetite nanopartdiltributed and immobilized in the inner
polymeric frameworks, our SPMP microbeads had mhbmher magnetite contents and higher
magnetophoresis ability than those reported coed-slhnobeads [6, 7(b), 9-11] with only one or two
single magnetic original particles as the coreghis paper, we coupled antibody with the synthexbiz
SPMP microbeads, and set up an enzyme chemilunenesemuno assay (ECLIA).

The detection of tumor markers in clinical assags Wwore and more important in the diagnosis of
many cancers. Recently, it was brought forward theg hCG may replace hCG and hC@s the
tumor marker of procreatic neoplasms, renal ceitinama (RCC) [13], and Down syndrome [14].
The level of free hCGis more valuable to diagnose cancers in the regtock system [15], since
there is cross reaction between Human Chorionica@otnopin (hCG) and luteinizing hormone (LH),
thyroidstimulating hormone (TSH), which were usednaarkers of tumor assays. In clinical assays,
free hCG was conventionally detected by radioimmuno asgdf)( electrochemical immunoassay
(EIA). Methods that had been reported were in-hol®dSA [16], RIA [17], enhanced
chemiluminescence immunoassay [IBJamperometric immunosensors based on a conducting
immunocomposite [19% flowing immunoassay [20]. By far no mature ELICAdhbeen established
for the detection for free hCG We applied these SPMP microbeads to establisteraayme
chemiluminescence immuno assay (ECLIA) of free hG& serum, which was an easy-performing,
low cost, rapid, and quantitative method.
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2. Results and Discussion

2.1. Preparation and surface modification of theM&Pmicrobeads

The magnetic polymer microspheres obtained fromveotional suspension polymerization
methods were in the size of several hundred mictermeWe developed a novel modified suspension
polymerization method for the production of supespaagnetic polymer microspheres with micron
size, which have narrow size distribution and higagnetite contents [12]. As seen in Scheme 1,
magnetic fluid was prepared by a conventional atipition method=then oleic acid was added
dropwise into the suspension while heating. Aftex excess oleic acid was removed, the magnetic
precipitate was redispersed in hexane to form nmeagflaid. The obtained FR©®, fluid and benzoyl
peroxide (BPO) were dispersed in a mixture of matlate (MA) and divinyl benzene (DVB), and
agitated until FgO, was dissolved completely. The mixture was themsfexred into a beaker
containing polyvinyl alcohol (PVA). With rapid agtion, the mixture temperature was increased to
reaction temperature under the protection of nérognd kept. The resulting magnetic microspheres
were thoroughly washed to remove the excess monofitar being agitated in methylformamide
(DMF) and ethylenediamine (EDA), the ester groupstbe poly(MA-DVB) microspheres were
converted into amino groups, and the resulting osigheres were denoted as poly(MA-DVB)-NHo
facilitate the covalent attachment of antibody, theino groups on the surface of magnetic
poly(MMA-DVB)-NH , were transferred to aldehyde groups by the glldehgde method.

The adding of the DVB as crosslinker made the pelystructure change from linear type to three-
dimensional crosslink type, just as what we coald §om the Scheme 1, which increased greatly the
mechanic strength and the stability of SPMP. Thaildel numbers of MMA and DVB in the polymer
macromolecules relied on their molecular ratio. W§1] thought that this kind of cross-linking was
necessary. Because a simple noncovalent linkageebatthe iron oxide cores and the polymeric chain
were not sufficient to achieve a permanent linkalgpstead, a dynamic exchange between the
polymeric chains and other competing molecules ggssg a -COOH group such as peptides and
amino acids in the biological systems could leath® dissociation of the polymeric chains from the
core surfaces. The loss of the coating material isderminal functionalities could demolish the
biospecificity of these materials. Kim [10] alsoufa that this cross-linkage was particularly well
suited to protect and functionalize materials saglre;04, -Fe,0O3 for which strongly binding surface
ligands were not readily available, for it could fhe nanostructures topologically and these sirast
were stable to further synthetic transformationswface functional groups.

Poly(MA-DVB), the SPMP microbeads synthesized bg thodified suspension polymerization
method, possessed the perfect sphere configuratnyn in Scheme.2(a). Most of these spheres were
about 3 m in diameters, but there still were a few belo& 2n due to the unhomogeneousity of the
microemulsion diameter variating in 0.5-3n. Scheme 2(b) was the TEM picture of a single
microbead. From the picture, we could see that shdace of the magnetic Poly(MA-DVB)
microbeads was not so smooth, and there were ffgiinall protuberances, and some tiny block in the
outside of the sphere. These protuberances andksblaould increase the surface area to be
ammonolysis by EDA, and provide amino groups amt®f@ade groups at high density [22]. Such a
procedure to synthesize the SPMP microbeads ofteg beveral advantages to these magnetic beads.
First, the integration and fix of many tiny magoetiores guarantee the superparamagnetism and
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magnetophoresis ability due to the large amoumhafinetic material percentage. Second, the organic
surface of these polymers was more biocompitatde thorganic surface. The SPMP obtained by our
method were small, inexpensive, and chemically gimgsically stable, and can be easily coupled to
biomolecules at high density. Simply reacted witbEand Glutaraldehyde, these SPMP could carry
aldehyde groups at high density, which could chaltyicombined directly with biomolecules through
many chemical groups, for exampleNH, HO-, HS-. Third, the polymers could protect thagnetic
cores from influencing of the environmental factors

Scheme 1Synthesis, modification and coupling routines oVBPpoly(MA-DVB) microbeads.
Note: Before polymerization of the MA and DVB, the® primitive FgO, particles were first prepared by coprecipitatiéfre”
and F&" under the protection offNand followed by the hydrophabic treatment of dheic acid coating. When thgolymerization took
place, thisoleic acid-coated magnetite suspension was disédbin the microemusion with the monomers MA andBDVhe detailed
numbers of MA and DVB in the polymer macromolecutdged on their molecular ratio, and the Schemel $howed the principle
scheme. Nevertheless the adding of the DVB as aalimiade the polymer structure change from lingae tp three-dimensional

crosslink type, which increased greatly the meahatrength and the stability of SPMP.
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The magnetic properties of SPMP microspheres wecerded by VSM at room temperature.
Scheme 3 showed their magnetization curves. Noelests loop was observed at this temperature,
suggesting that the magnetic microspheres wererga@@nagnetic, which indicated that there would
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no magnetic interactions among magnetic microspgherea zero magnetic field environment. This
feature would result in the easy dispersion ofrttagnetic microspheres. The saturation magnetization
of SPMP microspheres was 13.8 emu/g, which wasehitfan those reported by other similar works
[23]. With such high saturation magnetization, tleuld be easily and quickly separated from a
suspension. This could be used to the magnetica@paof proteins on a large scale.

2.2. Application in the detection of free hCG

Magnetic beads came into use in enzyme chemilurmeémee immunoassay (ECLIA) just in recent
years. In this method magnetic separation, immugoéb protocols and chemiluminecence detection
technique were combined ingeniously, which left ol complicated package of antibodies in
microcells, thus the time and procedures were outnd Santandreu et al. [19] thought that the high
selectivity displayed between the antibodies ararthntigens had motivated the development of
immunoassay analytical techniques, while magnetiadb provided immunosensing systems with
renewable surfaces for the sake of regeneration.

Scheme 2SEM and TEM pictures of the SPMP microbeads symbhddy the modified suspension
microemusion polymerization method (a. left pictureright picture).
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L

In our point, the advantage of superparamagenetizobeads in ECLIA was mainly in their
superparamagnetism. Namely, their magnetism wapoptional to the strength of outside eternal
magnetic field without any remnant magnetism. Wtienfield was removed, the good dispersion of
these SPMP microbeads could be ensured after egpaaés of magnetic field. Otherwise, the specific
biomolecules bound to these beads would not hashrpossibility to bump and react with their
corresponding biomolecules in liquid, or nonspeeify reacted molecules could not be diluted
effectively due to the aggregation among partidieg. superparamagnetism was usually demonstrated
when the size of the particles was less than 10fAmus some obstacles prevented the very tiny
superparamagnetic nanoparticles to realize th@ilicgtion. First, some biological molecules areyéar
than 10nm, some (E.G., cells) are even severalnger®ns. Significant reduction in particle sizesthu
be achieved to provide the surface area requirat,tdb small a particle may not carry enough
magnetite and, in practice, would cease to be niegfiE2(b)] due to their little magnetophoresis
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ability [6]. Second, as a result of anisotropicdligy attraction, pristine nanoparticles tend toraggte
into large clusters and thus lose the specific @rigs associated with single-domain, magnetic
nanostructures [24]. Immobilizing these very timspne nanoparticles in the framework of polymers
successfully solved both of the two obstacles.

Scheme 3the magnetic hysteris loop by vibrating samplesmeégity
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Whatever advantages of magnetic beads in assaydep®cused on, the magnetic ECLIA has by
and by come into use in the detection of other tumarkers such as carcino-embryonic antigen (CEA),
alpha-fetoprotein (AFR)carbohydrate antige(CA) 125ACA199, and Zhao et al [25] detected the
hCG in saliva samples in this method.

Scheme 4 demonstrated the proposed mechanism ofethly developed assay. In the assay, the
molecules for determination were successively eshetith the two kinds of monoclonal antibodies,
which were separately labeled by alkaline phoseatALP) and fluoreszeinthiocyanat (FITC) in their
ferrocenemonocarboxylic acid (Fc) fragments, torf@ sandwich double antibodies’ complex, ALP-
labeled-antibody-antigen-FITC-labeled-antibody. TBEMP microbeads, which were coupled with
anti-FITC antibody, then specifically reacted witle sandwich complex, and deposited to the bottom
of the microcells in the attraction of the etermalgnetic field. The unreacted molecules were reghove
by repeated cleansing and magnetic separation. Tb& chemiluminescence substrate,
3(2 spiroadamantane)-4- methoxy-4(3~ phosphoryloixgnyl-1,2-dioxetane (AMPPD), was used to
produce stable photo signals with the aid of afl@phosphatas@ALP Awithout any background. We
added the AMPPD working solution to the complexd éime ALP labeled on it would catalyze the
AMPPD to decompose and release moderately stalpleodphorylated anion, which would rapidly
break into an adamantanone and an excited methid-oxgbenzoate (AMP-D), then the stable
photonic signal in 477nm [26] was emitted in 30 atés and keep unchangeable in 7days [25]. The
photonics number counted was direct proportionahtéoamount of ALP. Therefore, the quantitative
determination of the samples could be obtained digation of the strength of photonic signals. A
similar procedure was utilized by Zhao [25] to detime the concentration of intact hCG in saliva
samples. The chemiluminescence dectector we usaihheas BPCL (-1-KGC), which can detect
ultrafaint signals, with the advantages of easyimaation, low price and cost.
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Scheme 4diagram of ECLIA based on superparamagnetic polymerobeads.
Note:1. microbeads coupled with anti-FITC, and &TiC antibody specifically reacted with the FITC whiwas labeled on the Fc
fragment of anti-free hCGantibody; 2. antibody which was labeled with aitkalphosphate (ALP) enzyme; 3. free hCiGr
determination; 4. incubation when the sandwhichmeminformed; 5. washing to remove unreacted camepts; 6. AMPPD; 7. the
cleansed complex on which ALP would catalyze theRPR\D to decompose and emit photonics; 8. dephodykat®nE a moderately
table middle product of AMPPD; 9. adamantanone;mi€thyl meta-oxybenzoate anion, AMP-D; 11. phot@igmnal at 477nm; 12.

alkaline phosphate enzyme.

2.3. Optimization of the operation parameters ef sandwich magnetic ECLIA of free hCG

The optimized assay conditions were as the follgwAmount of the substrate AMPPD was 1,0
after adding 100 AMPPD working solution to the tube, detected gt®tonic signals in 30 minutes.
There was better linearity between the CL intenaity the concentration of free hC@®hen 51
sample were used. The increase of the samples watrighse the expenditure, and too strong signals
were prone to attain the saturated maximum or toxgrthe detection limit of the instrument. The
detection voltage was an important parameter tbatdcinfluence the results. Comparatively, the
signal in 920V had better linearity. When the vg#aincreased to 950V, the signal strength was
attained to saturated state, and began to flugtsateetimes even appeared sharp fall.

In order to investigate the unspecific absorptibthe tubes used in the assays without antibodies
complex to determine the antigens. We added SPMidsbsolution in one group, and added blank
solution without SPMP microbeads after addind Sample. Then incubated in 37°C to make the
specific reaction take place, and after separatmh10| AMPPD was added to the both tubes. After
30 minutes the signals of the two tubes were dedect 920V to compare their chemiluminecent
intensities. The intensity of the assays withou&Feads meant the extend of unspecific absorption
since no complex was left in the tube except fer absorbed free hCGand antibody labeled ALP
during the course of separation and washing, whiobld finally result in the chenmiluminencence.
Shown as Scheme 5, the intensity due to the tulnespecific absorption was not as much more
enormous rise with the increasing of the free h@8ncentration. All the assays’ signal intensityswa
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very weak and the photonic numbers did not excé€&® 2ven in 180 U4, which was the maximum
concentration of the kits from Bio-Ekon BiotechngpyoCo. Ltd. Compared with them, the intensity of
assays using SPMP beads which were combined witi-BrC antibodies was much stronger. Under
the same conditions, the signals with SPMP beads ateleast six times stronger than those without
even at low concentration, and much higher with itteeeasing of concentration of free hCGNe
explained the reason for this phenomenon as fatigwihe outside eternal magnetic plate improved
greatly the separation efficiency of the mixtureeathe sandwich immuno reaction, and decrease the
unspecific absorption of unreacted molecules, dswlr@duced the loss of the immuno complex during
the course of repeated separations and cleansiegefbre the application of superparamagnetic beads
in enzyme immuno assays (EIA) would remarkably ecbkahe intensity of the CLA signals, and raise
the sensitivity of these assays in the same reactaditions, such as pH, temperature, concentratio
and so on.

Scheme 5the unspecific Scheme 6the calibration of Scheme 7the calibration of
absorption of the CL intensity ECLIA ELISA

(a) without SPMP microbeads

(b) with SPMP microbeads
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2.4. Sensitivity and recovery rate

Pipette the standard serum in different conceoimagradients and repeated the assays according to
the protocols of ECLA based on SPMP microbeadsthadnagnetic ELISA method separately and
detected their corresponding photonic signals, dmagvn their calibration curves. From the Scheme 6
we could see that the detection limit of ECLIA weveloped was 0.22 1U¥ and the linear range was
0.45-185.2 |Ust, which was confined by the kit's maximum concetiors, and not the theatrical
upper limit. The fitting linear equation was Y=90X%+1223.42, R=0.995. Seen from the Scheme 7,
the corresponding detection limit of the spectragnassays was 2.28 IUs The fitting linear equation
was Y=0.0094X+0.2055, and the linear range was-4&%2, R=0.972. Obviously the ECLIA was
more sensitive assays, for its lower limit was mlasker than that of the spectrometry assays, aad th
linear range was wider.

Added a certain amount of standard concentrationnsgo a sample, detected the result, and
compared it to the theatrical concentration vathe, zero-concentration recovery could be obtained.
Two standard samples, the concentrations of whiehewl5.22 1Ust and 79.80 1Ust, were both
diluted at the ratios of 1:2, 1:4, and 1:8, theitéitl concentration values were detected, and the no
zero concentration recovery would be obtained coetpto their predicated concentration values. Also
we calculated the CV value among batches was hess8.0%, and that among batches was less than
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15%, by carrying out repeated detection for attlége times, to a same zero-concentration recovery
experiment sample.

2.5. Comparison between the results of clinical gas) by ECLIA and ELISA.

10 blood samples were collected in vacutainers fumhinteers, tops were removed and bloods
centrifuged for 10 min. A pair of aliquots ($ was taken from each serum sample. We detectsgth
clinical samples in the both of spectrometry asmay SPMPECLIA, and compared their results, we
could calculated the related coefficient betweentti'o methods was 0.955(Scheme 8). Therefore we
could replace the ELISA methods by the ECLIA in #éssays of free hCGn serum.

Scheme 8correlation line of clinical serum samples’ resliysECLIA and ELISA
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Pipette the standard serum in different conceoimagradients and repeated the assays according to
the protocols of ECLIA based on SPMP microbeads tardELISA method separately and detected
their corresponding photonic signals, and drawnr thealibration curves. We could see that the
detection limit of MECLIA we developed was 0.22 IYsand the linear range was 0.45-185.2 1|
which was confined by the kit's maximum concentmatiand not the theatrical upper limit. The fitting
linear equation was Y=99.50X+1223.42, R=0.995. S&kem the Scheme 7, the corresponding
detection limit of the ELISA was 2.28 U The fitting linear equation was Y=0.0094X+0.20854
the linear range was 4.56-185.2, R=0.972. Obviotlsy ECLIA was more sensitive assays, for its
lower limit was much lower than that of the spectedry assays, and the linear range was wider. Also
we calculated the CV value among batches was hess8.0%, and that among batches was less than
15%, by carrying out repeated detection for attlége times, to a same zero-concentration recovery
experiment sample.

10 blood samples were collected in vacutainers fumhinteers, tops were removed and bloods
centrifuged for 10 min. A pair of aliquots (% was taken from each serum sample. We detectsgth
clinical samples in the both of spectrometry assay ECLIA based on SPMP, and compared their
results in Scheme 8, we could calculate the relededficient between the two methods was 0.955.
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3. Conclusions

A kind of superparamagnetic microspheres with higimagnetic content were synthesized in a
modified suspension polymerization routine, anérmdsvich magnetic enzyme chemiluminecent assay
of free hCG in serum was built based on them. The ALP-AMPPI3 wsed as the chemiliuminencent
system. The detection limit of MECLIA we developeds 0.22 IUst, and the linear range was 0.45-
185.2 IUsI*, which was confined by the kit's maximum concetitra and not the theatrical upper
limit. The fitting linear equation was Y=99.50X+1222, R=0.995. Compared with the original
ELISA kit, its low limit was much lower, and thenkar range was wider, their related coefficient
between the two methods in detecting clinical sasmplas 0.955. Moreover the magnetic ECLIA need
half of the sample volume, simpler protocols. Ahd time it need was shortened from 2 hours to 1
hour. Therefore we could replace the ELISA methbydhe magnetic ECLIA in the assays of free
hCG in serum .

4. Experimental Section

4.1. General

BPCL(-1-KGC) Ultra-weak Luminescence Analyzer, Dieped by Technical Institute of Physics in
Chinese Academy of Science; adjustable pipette-20 2 and 50-2001, Shanghai Dalong medical
instrument Co., Ltd.; oscillator, Shanghai Estansformer Co., Ltd; magnetic separator; Beijing-Bio
Ekon Biotechnology Co. Ltd.; digital thermostat tbdiH-4, Changzhou Guohua electrical appliance
corporation; tubes specially for Serozyme diagoslystem, Bio-Ekon Biotechnology Co. Ltd.;
DYNEX MRX-HD E DYNEX Technologies Co. Ltd.; 8X12 cells plate (8hken Jingmei Biological
Engineering Co., Ltd.). Scanning electronic micope (SEM), JSM-6700F, JEOL, Japan.
Transmitting Electronic microscope( TEM), JEM-208,JEOL Co., Ltd.

Methyl methacrylate, analytical pure, washed with odium hydroxide aqueous solution; benzoyl
peroxide (BPO), divinyl benzene (DVB), sodium hydde, polyvinyl alcohol (PVA) 1788, methylic
alcohol, aqueous ammonia, Fe@H,0O, FeCi6H,0, all of the above were analytical pure and from
Beijing Shuanghuan reagent Co., Ltd.. ethylenechian{(EDA), purchased from Beijing Chemical
Reagents Company (Beijing, China).

Bovine pancreatic alkaline phosphatase (ALP, 1U/fatee hCG standard solution and quality
control samples, Free hCGALP labeled anti-free hCG anti-free hCG antibody labeled by 0.6%
Fluoreszeinthiocyanat (FITC), magnetic nanobeadsgpled with anti-FITC antibody, Serozyme
substrateéE serozyme block reagent, and detergent (pH=7.4) no&d®1mol/L Tris-HCl and 0.5%
Tween-20, all of the above were from Beijing BioeBkBiotechnology Co. Ltd.. NEOs;-NaHCG;
buffer, by the first Nanjing Chemical Factory. Jgroadamantane)-4- methoxy- 4(3”
phosphoryloxy)phenyl-1,2-dioxetane (AMPPD) was tgdt from Beijing Yongning Zhiben
independent Laboratory. All water used here wadipdite ultrapure and deionized water.

4.2. Preparation of Oleic Acid-coating #&, Magnetic Fluid (1)

Magnetic fluid was prepared by a conventional cojpitation method with some modifications.
FeCk g 6H,0 (11.6 g) and Feglh 4H,O (4.3 g) were dissolved in 400 ml of deionized evainder
nitrogen gas protection with vigorous stirring &6. NH; g H.O (25%; 15 ml) was added first to the
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solution, and then 9 ml of oleic acid was addedpbaise into the suspension within 20 min. After
several minutes, the magnetic precipitate was tsgl&om the solvent by magnetic decantation. The
precipitate was washed with deionized water seviena¢s to remove the excess oleic acid. The
magnetic precipitate was redispersed in an orgeamiger liquid such as hexane to form the magnetic
fluid.

4.3. Synthesis of Poly(MA-DVB) SPMP microsphergs (2

The Poly(MA-DVB) microspheres were prepared by alified suspension polymerization method.
In a typical experiment, 30g of the magnetig®egel and 3g of BPO were dispersed in a mixture of
95ml MA and 5ml DVB (crosslinker) to form the organphase, and agitated until & was
dissolved completely. The mixture was then trameteinto a 2-liter beaker containing 25g PVA and
30g NaCl dissolved in 1000 ml,B, which was equipped with four vertical stainlet=e| baffleplates,
a nitrogen inlet, and a 4-paddle mechanical stikAéth agitation at 2000rpm, the mixture temperatur
was increased evenly from 45°C to 60°C within 1then the temperature was maintained at 60°C for
2 hr until finally the temperature was increased®C and kept for 2 hr. The reaction mixture was
cooled to room temperature, and the resulting nmagmnecrospheres were thoroughly washed with
deionized water and ethanol to remove the exces®mer.

4.4. Surface Modification of Poly(MA-DVB) SPMP rogpheres with EDA(3)

In order to prepare the EDA-modified Poly(MA-DVB)iecrospheres, the following procedure was
applied. 3g sample of Poly(MA-DVB) microspheres weashed with DMF two times and put in a
solution of 100ml DMF plus 100ml EDA. The mixtureasvagitated gently at 110°C for 12 h. After
being cooled to room temperature, the Poly(MA-DMBjcrospheres were separated by magnetic
decantation and washed with water and ethanolnmve the residual DMF. After modification, ester
groups on the Poly(MA-DVB ) were converted into amigroups. The resulting microspheres were
denoted as Poly(MA-DVB)-NHK

4.5. Surface functionalization and activation (4)

To facilitate the covalent attachment of antibothe amino groups on the surface of magnetic
Poly(MA-DVB)-NH, were transferred to aldehyde groups by the glldehgde method. After
agitating at 30 °C overnight, the glutaraldehydi#vated magnetic supports were washed with
deionized water three times and stored for futwe The detailed principle routine of the aboveste
was shown in Scheme 1.

4.6. Combination of anti-FITC (5)

The anti-FITC antibodies was incubated with theayaldehyde-activated magnetic poly(MA-DVB)
microspheres in PBS (pH7.4) for 4 hours, and foldvoy repeated magnetic separations and washing
with PBS.

4.7. Protocols of the whole assay of ECLIA (6)

5 | standard serum, quality controlling serum, anch@a serum into different tubes, which were
then respectively added two kinds of 10Omonoclonal anti-free hCG antibodies labeled by
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correspondingly FITC and ALP. Enough mixing wereganted by shaking of the oscillator, and
incubated in 37°C for 12 minutes. 1(hanosized magnetic beads solution was addeddiogved by
oscillation for 2 minutes, and incubation in 37°@ 6 minutes. Eternal magnetic plate was used to
deposit the magnetic complex for 2 minutes. Dedchttte liquid of all tubes (which were all attached
to the magnetic plate), and pat the upside-doweguin clean and dry paper for at least five times.
Rinse the remnant in the tubes with 3D@etergent each time for at least 3 to 5 timesth@aremained
solution on paper. Then 1IDAMPPD solution was added to each tube, the streafjphotonic signals
were detected by BPCL after 30 minutes.

4.8. Collection of the clinical serum samples (7)

All the clinical samples were obtained from thendal laboratories of Jiangsu Provincial Institute
of Tumor Research and Jiangsu Provincial Cent&/@fien and Children’s Health-Care. The venous
blood was exsanguinated by the experienced nuose fine hospitalized patients who suffered from
the cervical cancer or other reproductive orgaraicers. And the separated serum was used for
determination.
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