Improving Immunoassay Sensitivity with Upconverting Nanoparticles
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Abstract UCNPs are Tunable
Very small nanoparticles are now commercially available which can perform highly The ability to determine the absorption and emission spectra of the nanoparticles UCNP Visualization
tunable two-photon upconversion and onto which proteins may be immobilized. When may provide an opportunity to design multiplexed LFls. .

B

these nanoparticles are illuminated with near-IR light, they emit strong green light
through anti-Stokes emission. These materials may have great utility in augmenting the
function of lateral-flow immunoassays. For example, proteins coupled to upconverting
nanoparticles have been detected at < 3 pg/mL, whereas conventional gold
nanoparticles commonly used in current lateral flow immunoassays can be a thousand
times less sensitive at ~10 ng/mL. The use of these nanoparticles may enable both a
lower limit of detection (versus conventional optical-density based detection of gold
particles) and genuine multiplexing (by using nanoparticles tuned to emit different
wavelengths of light). Here, we report on our adaptation and characterization of
upconverting nanoparticles for use in lateral flow immunoassays.
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Figure 2. Red, Green, and Blue emission from Figure 3. Emission spectra is dependent
Objective three different UCNP compositions. on the el_errental composition of the " T AR AR
: . : : nanoparticles. -
To Improve the sensitivity of lateral flow immunoassays (LFls) by replacing the Figure 6. Visualization of antibody-coupled UCNPs. (A) Bright field view of UCNP-Ab at 10x UCNP (ng/u)
conventlc_)nal colloidal gold (Au) reporter with rare-earth lanthanide upconverting magnification. (B) UCNP-Ab emission under 980 nm excitation, with a 369 um x 369 um field of Soure E, VSN dieien come fem LE sifes, afer remmellss o sdefbonsl eefn o
nanoparticles (UCNPS) : : : view, a subset of the bright field image in A. _
' Conjugate Preparation and Analysis the low end (lowest 3 data points).

 UCNPSs, coated with polyacrylic

1) SNHS, EDCI, 10% ag. DMSO acid (PAA), which emit green light

2) spinfresuspend in 10 ag. DMSO, MES

Sample pad Nitroc%llulose 3 Ab when 980 nm light is absorbed, A B
Conjugate pad il raA?besorbent ad @. > ®1 were provided by Intelligent :
. ) ain set t0 5.0 x 10 ain setto 1.5 x 10°
jugate p P CO,H CONH-Ab | Material Solutions. g - msetioTox o
Figure 4. PAA-coated nanoparticles are first activated * The UCNPs were conjugated to i % 0.4 - S
with EDCI to form the sulfo-NHS activated ester, whichis = an anti-MS2 coat protein antibody s S <
purified and incubated with the antibody of choice to give (Ab) at varying concentrations to = = 7 x
the qonjuga.lte.wnh sgrface densme§ proportional to the give conjugates with a range of 05— Y
relative stoichiometries of the reaction. L. T
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. Figure 5. Monoclonal = antibodies raised Figure 7. Time dependent emission from 625 ng/uL and 40 pg/uL. The PMT gain was initially | | | | | | |
—~ ] against phage MS2 coat protein maintain 0.4V control voltage (5 % 103) but was adjusted upward for the low range to 0.9V control voltage 0.2 0.4 0.6 0.8 1.0 1.2 14
Figure 1. A Lateral Flow Assay. A sample containing an analyte is placed on an sample pad, where the = ; reactivity after being coupled to UCNPs by 1 5 % 106). The electroni i is 105 No light-tight I g : I o bient Transverse Distance (mm)
fluid then migrates laterally and the analyte binds to an antibody that is conjugated to colloidal gold. L‘f, 2 3 the method described above. By ELISA, I( .ht ) U te?rchronlc .?at'.n 'S AU MO g 2'3\/ 928(: osulre was l(JjSteh ) S0 LoRY fstis amt |end
The analyte bound to the antibody-nanoparticle conjugate migrates along the membrane where it binds = . ] antibody reactivity with recombinant MS2 \/I\?ith Z\V??)gr:renszﬂc;rt szesxﬁllt:rlo'PhZOI:rsCeer vazz tahrne d on ;r:g c?fﬁcr)’ le?ow fc?regrgtlzzlcc)jnet\g gtsiorll e‘ltﬁe Figure 9. The signal in the transverse direction (presumably the direction of flow in a
to a sec;ontﬁl] cag-tucrje ?nilrllaody (tspﬁflflc to :he target) tf;_abt fc?rm_s (tjr_\e tt-est line; unbofur|1d antlboAc(ij-gtolg @ ] coat pr(_)tein scales as the relative fraction time-dependent emission from the 625 ng/mL strip was fit to a double-exponential, and the real assay) vvgs measur.ed at optima! z-axi§ po§ition in increments of 0.005” and plotted
conjugate then binds to the control line (anti-species antibody), indicating a successful assay. Adapte S 10 k of antibody coupled to the UCNPs llowi it th : above. The signal was fit to a Gaussian, with width = 0.451 £ 0.093 mm.
from Anal. Chem. 2014. 86. 4995-5001 = _ _ e  orote " f following parameters were found to best fit the data:
: : , 00, - : o ! increases. coat protein recognition o
P 0.5 ] purified antibody (not coupled to UCNPSs) A, =0.534 * 0.092 A, =0.805 *= 0.084
< 5 s shown (open blue circles) for 1,=0.158 = 0.011ms 1, =0.398 =+ 0.033 ms
: : . : 0. ] comparison. Nonspecific  bindin to '
. Lateral flow assays provide analytics with little 101 001 0001 00001 incoupled UCNPs (black open diamonds) _Conclusions |
. iluti ipli . . « UCNPs offer greater sensitivity than typical performance of gold nanoparticles
tO NO Sam |e re ara’“ on l0gs0(dilution multiplier) IS undetectable under these conditions. : : ’
P pPrep — NP 2D (il AB coupied) with highly tunable spectral response.
o + Control (Ab only @ F—— e T Reducion A PrV— - « Antibodies maintain target recognition after coupling to UCNPs. UCNPs have
- - _ - ly ¢ UCNP+Ab50uL cknowledgement: The authors thank the Defense Threat Reduction Agency/Joint Science an - PP TR TR o -
« The limit of detection of gOId based LFIs Is o . Comri?(nni/“ALb;m“a') O UCNP+Ab100puL Technology Office for their assistance and funding for this work under CB3646. The views expressed negligible nonspecific binding in preliminary studies.
ca. 10 n g/m | m  UCNP+Ab250pL in this presentation are those of the authors and do not necessarily reflect the official policy or position « UCNPs maintain discrete morphology in preliminary LFI visualization
© - Control UCNP only (no Ab) of the Department of Defense or the U.S. Government. experiments.

@ RDECOMNM Approved for Public Release - &




