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Evaluation of aggregation effect of magnetic nanoparticles by antigen-
antibody reaction with proteins
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We developed a rapid, low-cost protein detection method using magnetic nanoparticles and demonstrated that
GDF-15 (Growth Differentiation Factor 15) binding induces nanoparticle aggregation through an antigen-antibody
reaction. This aggregation by cross-bridging increased magnetic responsiveness to switch magnetic fields with
increasing GDF-15 concentration, although this aggregation was not quantitatively verified. In this study,
transmission electron microscopy (TEM) was used to quantitatively assess the role of GDF-15 in promoting the
aggregation of magnetic nanoparticles. TEM analysis showed that the GDF-15-bound samples formed approximately
1.5% more aggregates larger than 0.03 pm? compared to controls, confirming the cross-bridge effect was confirmed.
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Fig. 1 Sample preparation procedure.
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2.1 o FILEAR

Fig. 1 i¥ protein A Ta—7 4 > 7 S ikttt / ki
TCHR ARG S8k, PURBUARRIG T GDF-15 %
FEESEIFEEAIOR LD THD. ALy
TR 5T B RERS B MR £ QMBI AL T-BEIK
FEHIETIET HY T E T OFNE TR L7-.

AN, protein A Ca—7 ¢ 7 SRtk kL
+ nanomag ® -D (130 nm¢, 10 mg/mL, micromod
Partikeltechnologie GmbH) (Z PBS-T 100 uL # iz
THR L, BEEETE (yamato 5510)C 1 5[5k
S 7-. HifkiE Anti-Human GDF-15 antibody (0.5
mg/mL)Z A L, BPEF R HiAiR & ik 2 RAe &
H#, B—4% U —=3%%— (AS ONE MTR-103) T 30 %y
MBS S W7z, Wiz Loy iERg(4 °C, 3000 rpm, 20
min) THEMET 2 R+ % Sy L B 2 B0 Br&, PBS-
T100 pL Z M 72#(C GDF-15 & & & RA L, &
Fo—Xx ) —3 %% —T 30 SMPURPUAS S S H7-.
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(Visual Protein %, Dual-RangeTM BCA Protein
Assay Kit, BC03-500)(C & 0 ¥l L7z, kT kit
20 pL & Hifk 10 uL 2 PBS-T © 200 pL (7AW L,
FEOTFIATRE A S B IRIR(BUAREE 25 pg/ml), B X
OENET 2 Kit- 20 uL 2 PBS-T T 200 pL (IZ77 R L=
WikZAZRBL LU 7=, F7=, #2327 'H Bovine Serum
Albumin Standard Z PBS-T TR L, & /37 HjE
FE 0, 5, 25 ng/mL OIEWES > 7 L a8 L=, Fig. 2
X, BEMET 2RI TIHUIRIR SRR O IR L O
TR D BT O R 560 nm (21T AWLE Th 5.
Fig. 2 £V, BT /RO E1EIZE protein A 23
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Antibody binding = 25- {(A-B)/0.00437} [pg/mL] (1)
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Fig. 2 Average absorbance of supernatant of
magnetic nanoparticle solution and supernatant of
magnetic nanoparticle/antibody mixture solution
n=3).
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Fig. 3 1%, BT/ bi v L HURIZ LD BHEIRICA A »
FREF 29029 %HINL, o TN ORISR RET 5
AT LTHS 2. Fig. 413 LD Fig. 3 DY AT A
DOT7a—F ¥ — THDH 29, b r7E, RuERE
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6O 2 RIE L.

93



Aggregated
nanoparticles !

Needle yok?%

Fig. 3 Schematic (bottom) and photo (top) of a
laboratory-made system for detecting protein in a
liquid phase using magnetic nanoparticles.
Reproduced from 29), with the permission of AIP
Publishing.
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Fig. 4 Flowchart of protein measurement system.
Reproduced from 29), with modification and
permission of AIP Publishing.

2.3 BEEEFEME(TEMERE

GDF-15 (2 K& » CThatk) / hi DUEENRE D Z &
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AHT 4 7Y TEM BRI 7Y » REdEE LT,

Bl LizHoley~A 7 v 7' U v K(EM ¥ /< 4h)
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3. RBRREIUER

3.1 XA vy FHRICKT 2T/ BT O E1EETE
Fig. 5 1%, Fig. 3 ™ %27 A CTHIE L= ik &l
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Fig. 5 Output waveform and optical micrographs of
magnetic nanoparticle/antigen aggregates.
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Fig. 6 Aggregation of magnetic nanoparticles via
GDF-15 (antigen).
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Fig. 7 Output voltage in each concentration of GDF-
15 and magnetic field strength as a function of
rotating number.
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Fig. 71%, HiZ L oW AEBOER CTH . Fig. 5
DI OARF A HR Ry & FF IR ER I O v — 7 5 O 2
(peak-to-peak) & 71 v  L7=. [k E-> T
A FREROFBENERL, IRIFNKEL 2o7e. F
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3.2 EBEEFIAME (TEM) HIR#ER

Fig. 8 1TEHERDO R 7 ¢ 7Yt TEM Wi %R L,
HONEEW IR 2R, PPRICAL 2 2831377V
v RO —aR R ks 7T 5. AETIL, 3.1
HIDAA  FTREFNT 5T DBENET /R0 OIS B VRN
LW, B AT, 2 kT ZeiET ki 10
BEABIET 5. KON T T, Mt 2 ki
FRIERZ R EEN L7 AT ) v oI K
S TEHMET 2 Z & Z2RT 72012, GDF-15 #1250, 1000
ng/mL > 7 v%E TEM @Bl L7z, 0 & 1000 ng/mL %
e % &, 1000 ng/mL @ J5 ARG T 2 R~ DR
DI A ZAPKRE L BRSNS,

INEEBMIRT I, fifftY 7 ~ MIPAR (Bi=X
EfET A B A =AD& O CEG RN L. R T
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RO, Fig. 9 1IMBHTHER T 5. Bl Lmifg E ok

Fig. 8 Negative stain TEM images.
(Upper 3 images: GDF-15 concentration 0 ng/mL
Bottom 3 images: GDF-15 concentration 1000 ng/mL)
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Fig. 9 Percentage distribution of magnetic
nanoparticle aggregates.
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mm2 Th5. Fig. Aa) XV, 2 SLLEORMT / kit
TR 4172 0.03 pm2 & 0 K& WEREREIS (X, 1000
ng/mL OFF 3 1.5 %@ s H & 72> 7=, F 7= Fig. 9(b)
i%, GDF-15 % 0 & 1000 ng/mL OEFEARELL DE|
BDEFER LD THD. 0.02 nm2 LLF ORL1-E]
BlITHURIE LD FNEL 2> TEY, 0.02 pm2 LYK
T VEHEREEOEA1E 1000 ng/mL 2 E< 725 T
5. ZHU Fig. 6(b)d L 912, ®ttT k17 GDF-15
WL - THERICEE L7220 ThL EEZBND.
3.1 HiDAA v FEEFINKIT DR T/ Bt DRRENE
FEMCIE, BESEFIINL7ZRILT T GDF-15 Ml ElE
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EHLERLIEEDEEZLND.
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AEEIE, BEPCHZE SN A0, AT CORME
F KT EHURB KON GDF-15 & OFEBE OS2 Hi%
BT L3R CTH L. 2 THRIL, 77445
R T BMEBE A T, BT ORISR A Lzt
KEB L GDF-15 Z it S Hi- e 2 a4 5. £7-,
KREZRIDTIEE, BLK GDF-15 i FER{E2Y 10 pg/mL
BRE 22 CThbo, EMRLZ N7 EHERBIED
ELISA(abcam #t, Human GDF-15 ELISA Kit,
ab155432) DIEEIL 2 pg/mIAITH %, EHHDZ LN
JERHEEE EF 5 TEE LT, MI B2V ORE
mERET NS, MI oo Em Lk, b
RIBNBR ZRmTE, X7 ERBEICBOTY
WREBOELEARNEEZ EEZBND.

4. FEH

1. BT/ ki 1-12 GDF-15 Z PURPUAR G TR &
W, AA v TR DRSS MR L ONEIR
B FBEMSE (TEM) TREVET /R FEEER O~TE
ZRE Lz,

2. GDF-15 WHiBEIF Y, AA v FRFITH D
PET R OREEUSBE D TR T

3. Wit/ kiF12 GDF-15 % 0, 1000 ng/mL #54 &
Wit v 7V A GERTTE CEMET (TEM) CHIZE L
7=. GDF-15 £ 1000 ng/mL ® 75753, 0.03 um?2
KU REVEEEREEDN 15 %EmNZ L xR L
7.

BiEE  AWFZE0 1% AMED Moonshot 72> = 7
R (JP232f0127001), JST K525 e A H A F ¥
] REME M EE(JPMJISF23C4), T /L& Akl R By
M, BRREHET A b A b=, BAbR AR SR R A
¥ #— (INGEM) OERTHD.
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