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Abstract

In this paper, we synthesized organic and inorganic hybrid materials to introduce antibody functionality to UIO-66 and in-
corporated them into a surface plasmon resonance (SPR) assay to enhance the sensitivity of detecting small molecules such
as oxytocin. A biological marker peptide called oxytocin may help in the diagnosis of heart failure, Alzheimer's disease, and
cancer. To detect oxytocin at concentrations as low as a few femtomole (fM), we developed a surface sandwich assay utilizing
a pair of oxytocin-specific antibodies for enhancing selectivity and one of metal organic frameworks [e.g., UiO-66-(COOH):]
possessing high porosity and surface-area as a signal amplifier. Initially, real-time SPR assays were used to confirm that each
selected oxytocin-specific antibody binds strongly to oxytocin and to different binding sites on oxytocin. One of these anti-
bodies (e.g., anti-OXT[OTI5G4]) was immobilized on the surface of a thin gold chip. Upon sequential injecting of oxytocin
and the other antibody (e.g., anti-OXT[4G11]) conjugated to UiO-66-(COOH), onto the surface to form the surface sandwich
complex of anti-OXT[OTI5G4]/oxytocin/UiO-66-(COOH),-anti-OXT[4G11]), SPR changes, which varied with oxytocin con-
centration, were then measured in real time. The results demonstrated that sensitivity was amplified by over a million-fold
compared to assays without UiO-66-(COOH),, enabling oxytocin detection down to approximately 10 fM.
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1,2,4,5-benzenetetracarboxylic acid [CsHa(CO,H)s, 96%, Sigma], tri-
fluoroacetic acid (C,HF30,, 99%, Alfa Aesar), zirconyl (IV) nitrate hy-
drate [ZrO(NOs),'xH,O, 99.5%, ACROS Organics], oxytocin (OXT,
Sigma), anti-OXT [4G11] (Sigma-Aldrich), monoclonal anti-OXT
[OTI5G4] (Thermo Fisher), heterogeneous nuclear ribonucleoprotein
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Thermo), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimde hydrochloride
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Figure 1. Representative (a) X-ray diffraction patterm and (b) N,
isotherm data confirming the synthesis of UiO-66-(COOH),. Inset in
(a) is the size and shape information provided by TEM and HR-TEM.

mission electron microscope (Bio-TEM, Hitachi, HT 7700), field emis-
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Figure 2. Scheme illustrating an SPR sandwich assay for oxytocin
using anti-oxytocin [4G11] functionalized UiO-66-(COOH), adsorbed
onto oxytocin bound to an anti-oxytocin [OT15G4] tethered SPR thin

gold film.
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Figure 3. Langmuir adsorption isotherm data plotting the fractional
surface coverage () versus oxytocin concentration using (a)
anti-oxytocin [4G11] and (b) anti-oxytocin [OT15G4] immobilized on
SPR thin gold film. The amrows in (a-b) indicate the oxytocin
concentration at which maximum surface coverage is achieved.
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Figure 4. (a) A series of real-time SPR signal changes for the binding
of various concentrations of anti-oxytocin [4G11] onto 100 nM
oxytocin pre-reacted with anti-oxytocin [OT15G4]. In (a), the
NT-proBNP concentrations are (i) 5 nM, (ii) 10 nM, (iii) 25 nM, (iv)
50 nM and (v) 100 nM in PBS solution. (b) A plot of the normalized
RU values from SPR responses against anti-oxytocin [4G11]
concentrations. Data points are taken from (a). NC1 is the SPR
response measured in the absence of oxytocin and NC 2 is the SPR
signal observed for the adsorption of hnRNP Al protein instead of

oxytocin.
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Figure 5. In-situ SPR responses as a function of different oxytocin
concentrations where oxytocin was adsorbed an anti-oxytocin
[OT15G4] tethered SPR thin gold film followed by the adsorption of
anti-oxytocin [4G11] functionalized UIO66. (i) 10 fM, (ii) 100 fM and
(iii) 1 pM oxytocin were used. NC1 is the SPR response measured in
the absence of oxytocin.
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