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Abstract
Antibodies directed against the HIV-1 Envelope glycoprotein are routinely assessed for in vitro viral
neutralization. The most commonly used assay is based on infection of a cell line that expresses
luciferase upon infection by HIV-1. Recently, several groups have published techniques for single-cell
culture of B cells in 384-well plates. The standard 96 well neutralization assay format is not suitable for
screening the large number of low-volume samples produced in such cultures. Therefore, we adapted the
assays to a "microneutralization" format, which allows the use of 20 ul of undiluted antibody sample and
permits an assessment of the relative potency of each sample. The method can be adapted for assays by
hand or using robotic pipetting devices.

Introduction
Introduction The neutralizing antibody response to HIV-1 is an area of intense focus. In particular, the
study of monoclonal antibodies \(mAb) isolated from HIV-1-infected donors can yield insights for
immunogen design. Early work on neutralizing mAbs was constrained by limitations in both mAb
isolation and screening techniques. Recent advances in the isolation, culture, and expansion of human B
cells and recovery of immunoglobulin genes are providing large numbers of human antibodies for use in
diagnostics, therapeutics, and probing the humoral immune response 1-5. This increased ability to recover
human antibodies has been accompanied by a need for robust high throughput binding and
neutralization assays. In the case of HIV-1, antibody binding to soluble HIV-1 Env proteins often does not
predict viral neutralization5,6. Therefore, accurate neutralization assays are needed. High-throughput B
cell culture and related methods yield tens of thousands of small volume samples, which cannot be
handled by current neutralization screening methods. To meet this need, we adapted a standard 96-well
cell-line based neutralization assay to a small-volume "microneutralization" format. Speci�cally, we have
optimized this assay for the 384-well format. This is a modi�cation of the standard TZM-bl neutralization
protocols described in publications from the Monte�ori7 and Mascola8 laboratories. In these assays,
antibodies are mixed with pseudoviruses, which are generated by co-tranfection of the env gene of
interest with an env-de�cient HIV-1 backbone. These Env-pseudoviruses are entry competent, but do not
further replicate. TZM-bl cells are then added; these are HeLa-derived cells that stably express the HIV
receptor CD4 and coreceptors CCR5 and CXCR4, and also express luciferase and beta-galactosidase
under the control of the HIV tat protein. Thus the cells are highly susceptible to infection by R5- and X4-
using HIV strains as well as HIV-2 and SIV, and express reporter genes only upon infection by HIV-19,10.
After 48 hours the cells are lysed and luciferase or beta-galactosidase activity is measured. Neutralization
is calculated as a reduction in reporter activity \(eg, RLUs for luciferase) compared to virus-only wells. In
the standard neutralization format, multiple dilutions are evaluated to determine a dose response curve
and ID50 and/or ID80 values. In the application detailed here, we have sought to maximize the sensitivity
of the assay for small sample volumes and low concentrations, by minimizing the volume of sample
needed. Speci�cally, while the standard assay is run in 96-well plates in a total volume of 200 ul, here we
use 384-well plates in a total of 60 ul. While the standard assay typically uses an input dilution of at least
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1:5, here the input dilution is only 1:2. Furthermore, the samples are run at a single dilution, which
decreases by 25% the amount of input needed compared to assays with serial dilutions. This assay was
designed to be compatible with the B-cell culture method described in Huang et al, 2013, Nature
Protocols2. Speci�cally, supernatants from 384-well plates of cultured B cells can be directly transferred
to the assay plates for microneutralization.

Reagents
DMEM \(Invitrogen, cat. no. 11995-073) Fetal bovine serum \(Hyclone, cat no. SH30071) 1M HEPES\
(Invitrogen, cat no. 15630-130) Gentamicin \(Sigma cat. no. G1272) 0.25% Trypsin-EDTA \(Invitrogen, cat.
no. 25300-054) DEAE-dextran \(sigma, cat. no. D9885) Britelite Plus substrate \(Perkin Elmer, cat. no.
6016769) REAGENT SETUP Complete DMEM medium Add 50 ml of heat inactivatied FBS \(10% �nal
concentration), 12.5 ml of HEPES buffer \(25mM �nal), and 2.5 ml of gentimicin \(50 μg/ml �nal) into
450 ml of DMEM and �lter with sterile cup �lter unit. Store at 4 °C for up to 2 weeks.

Equipment
384-well black plates \(Nunc, cat. no. 164564) T-75 culture �ask \(Thermo Scienti�c, cat. no. EW-01930-
49), Molecular Devices Paradigm luminometer \(Molecular Devices, Model 33270) Liquid handling
system \(Beckman Biomek)

Procedure
**Optimal multiplicity of infection \(MOI) determination for each pseudotype virus** TIMING 1.0 h, then
48-54 hours 1| Select the two strains that are most potently neutralized by the donor’s serum, or
alternatively easy-to-neutralize strains, such as HIV-1-BaL and HIV-1-MN. 2| Titer pseudovirus stock in a
mock neutralization assay, using medium as a substitute for antibody. In a 384-well plate prepare 11 2-
fold and 11 5-fold serial dilutions of each virus in the presence or absence of DEAE-dextran which may
facilitate viral entry. Each lot should be optimized typically approximately 7.5 mgs ml-1. Choose a dilution
that gives a 40,000 to 100,000 RLU signal that is 50-100 fold above background. See steps 3-13 below.
**Incubation of B cell culture supernatant with virus**● TIMING 1-2 h 3| Thaw supernatants and dilute
virus in complete DMEM using the concentration titered in step 2. A total of 2 viruses are tested one on
each of the 2 harvested plates. 4| Robotics: transfer 20 μl virus to each of the 2 plates harvested at step
48 each of which contains 20 μl of supernatant. \(one of each pair of plates for each virus). **CRITICAL
STEP:** when designing the plate plan, set up at least 8 wells with medium instead of antibody \(virus-
only) and 8 wells with medium instead of antibody and medium instead of virus \(cells-only). When using
supernatants from B cell culture, all of these wells should use supernatants from culture plate wells that
received feeders and cytokines but no B cells. 5| Incubate at 37oC for 45-90 minutes. **Incubation with
TZM-bl cells** ● TIMING 48-54 h  6| During the incubation, discard the TZM-bl culture media and remove
the adherent cells by slowly adding 5 ml of 0.25% Trypsin-EDTA. 7| Incubate at 37°C for 10 minutes. 8|
Add 10 ml of complete DMEM and suspend the cells by gentle pipet action. 9| Transfer the suspension to
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a 50 ml conical tube. 10| Spin, resuspend in complete DMEM, and count the cells. 11| Dilute TZM-bl cells
in complete DMEM to a concentration of 1.5 x 105. Add DEAE–dextran to the cell suspension at a lot
optimized concentration of approximately 7.5 µg ml-1. Dispense cells to each well of the assay plate at a
total of 3x103 cells to each well. 12| Incubate for 48-54 hours at 37°C . **Plate Harvest and Result
Evaluation**● TIMING 0.5 h 13| Remove 30 μl from each assay well. Lyse the cells with the addition of
30 µl of Britelite Plus substrate. **CRITICAL STEP:** Read in a luminometer that is capable of accurately
reading 384- well plates. Some models will read 384-well plates but have an unacceptably high level of
cross-talk between wells due to the detector con�guration. We use a Molecular Devices Paradigm
luminometer. 14| To calculate neutralization, �rst subtract the average signal from the cells-only wells
from all wells. Next, average the signal from wells with feeders but no B cells. For each well with
antibodies, % neutralization = 100*\(Vo-Vn)/Vo where Vn is the RLU in the virus plus antibody wells and
V0 is the RLU in the virus only wells.

Anticipated Results
Anticipated results When using this assay in conjunction with high-throughput B cell culture, we set a
cutoff of 50% neutralization for wells that we use for IgG cloning. If samples are derived from B cell
culture plates, and water was NOT placed in outermost wells of the culture plates, then we expect
evaporation which leads to false-positive results. Priority for cloning is given to wells not on a plate edge,
and that are positive for both test viruses and/or have 65% neutralization or higher.
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Example of a plate layout Sample plate plan for 384 well assay plate.
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