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引言

生物发光共振能量转移（BRET）检测通过测量当萤光素酶

供体在约 10 纳米范围内激发荧光受体时所发射的光，来检

测分子间的邻近关系。BRET 检测避免了仅使用荧光方法

（例如 FRET）常见的自发荧光、光漂白和光毒性问题。

NanoBRET® 检测进一步优化了这一方法，通过将高亮度、

低背景的 NanoLuc® 萤光素酶供体与具有优化光谱重叠的受

体荧光团配对，从而实现对活细胞中蛋白质 - 蛋白质以及蛋

白质 - 小分子相互作用的灵敏、实时检测。

获取供体和受体信号的图像需要对曝光时间进行优化，并在

后期处理软件中对两个通道的图像灰度进行精细调节。这适

用于使用 NanoBRET® 检测进行靶标结合分析以及蛋白质 -

蛋白质相互作用研究。本指南总结了在 GloMax® Galaxy 细

胞成像仪上成像 NanoBRET® 信号的最佳实践，以及如何将

发光数据转换为定量 BRET 比值，以监测蛋白质结合或靶标

结合情况。

优化曝光时间与动态范围

• 首先在不使用受体的情况下进行优化，以确定受体通道

的基线背景信号。

• 选择一个较短的初始曝光时间（例如 30 秒），并在逐渐

增加的曝光时间下（例如 30/60/90 秒）对供体和受体进

行成像。

○ 逐步调整曝光时间，直至找到供体通道中信号充足但

未饱和的曝光时间。

○ 为受体通道找到合适的曝光时间，使得在该曝光时间

下受体通道信号应略高于背景（即在没有受体的情况

下，供体信号刚刚开始渗入受体通道）。这样可以确

保在存在受体时信号将高于背景（如图 1 中 120 秒

曝光所示）。

• 重要提示：供体与受体的理想曝光时间可能并不相同。

GloMax® Galaxy 细胞成像仪上的 
NanoBRET® 检测——成像与定量指导
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Introduction
Bioluminescence resonance energy transfer (BRET)
assays detect molecular proximity by measuring light
emitted when a luciferase donor excites a fluorescent
acceptor within ~10 nm. BRET assays avoid
autofluorescence, photobleaching, and phototoxicity
common to fluorescence-only methods (e.g., FRET).
NanoBRET® assays further enhance this approach by
pairing the bright, low-background NanoLuc® luciferase
donor with acceptor fluorophores with optimized 
spectral overlap, yielding sensitive, real-time readouts of
protein–protein and protein–small-molecule interactions
in living cells. 

Acquiring images of donor and acceptor signals requires
optimization of exposure and fine-tuning of image scale in
post-processing software for both channels. This applies
to using NanoBRET® assays for target engagement and
for protein-protein interactions. This guide summarizes
best practices for imaging NanoBRET® signals on the
GloMax® Galaxy Bioluminescence Imager and converting
emission data into quantitative BRET ratios to monitor
protein binding or target engagement.
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Optimize Exposure Time and Dynamic Range
Start optimization without acceptor to determine the
baseline acceptor channel background signal.
Select a short initial exposure time (ex. 30 seconds)
and image the donor and acceptor at increasing
exposure times (ex. 30/60/90 seconds).

Stagger exposure timing until you identify an
exposure for the donor channel with sufficient,
but not saturated, signal.
Find the exposure time for the acceptor that is
just slightly above background (where the donor
signal bleed through is just appearing in the
absence of acceptor). This ensures signal in the
presence of acceptor will be above background
(demonstrated through 120 second exposure in
Figure 1).

Important note: the ideal exposure times may not be
the same for the donor and the acceptor. 

Figure 1. Example Exposure Testing with no Acceptor.
Images collected on the GloMax® Galaxy Bioluminescence
Imager with increasing exposures. 60 second exposure is
ideal for donor channel in this instance, while 120 second
exposure is ideal for the acceptor channel. The bottom row
shows donor signal bleed through into the acceptor channel. 

图 1. 无受体情况下的曝光测试示例。图像使用 GloMax® Galaxy 细

胞成像仪在不同曝光时间下采集。在此例中，供体通道的理想曝光

时间为 60 秒，而受体通道的理想曝光时间为 120 秒。底部一行显示

了在没有受体的情况下，供体信号渗入受体通道的情况。
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如果各通道的曝光时间在所有实验条件下保持恒定，供体与

受体之间采用不同的曝光时间将产生相同的倍数响应，但动

态范围会得到改善（图 2）。为了证明这一点，NanoBRET® 

靶标结合（TE）HTR2C 检测在不同曝光时间下对两个通道

进行了成像。受体标记示踪剂与 HiBiT-HTR2C 的结合驱动

能量转移至受体，并在加入检测试剂后产生 BRET 信号（左

图）；未标记氯氮平通过竞争性置换示踪剂降低 BRET 信号

（右图）。
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当在 GloMax® Galaxy 上对该检测进行成像时，供体与受

体均采用 120 秒曝光时间，在氯氮平处理后 BRET 比值从

约 45 mBU 下降至约 22 mBU，变化倍数为两倍。将供体

曝光时间缩短至 60 秒，在氯氮平介导的示踪剂置换后仍显

示出两倍的信号损失（从约 90 mBU 下降至约 45 mBU；图 

2B），同时动态范围翻倍。因此，调整曝光时间提供了一种

简单的方法来提升动态范围，而无需改变相对响应。

图 2. 比较不同曝光时间下的 NanoBRET® 倍数响应。A.) 在 GloMax® Galaxy 细胞成像仪上，供体和受体图像分别采用相同曝光时间（120 秒，

左图）或不同曝光时间（供体 60 秒 / 受体 120 秒，右图）采集。细胞分别经过单独示踪剂处理（示踪剂结合）或示踪剂联合过量未修饰氯氮平

处理（示踪剂置换）。各处理条件下的曝光参数保持一致。B.) 在 GloMax® Galaxy 上采集的 BRET 比值数据。图表通过以下方法生成：针对每

个处理条件，测量 15 个独立细胞的供体和受体图像的平均灰度值。mBRET 比值通过以下公式计算：（受体 / 供体）×1000。倍数变化通过将

示踪剂结合组的平均 mBRET 比值除以示踪剂置换组的平均 mBRET 比值计算得出。
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Figure 2. Comparing NanoBRET® fold response between exposure times. A.) Donor and Acceptor images were
collected on the GloMax® Galaxy Bioluminescence Imager at either the same (120s) exposure time (left) or
different (60s donor/120s acceptor) exposure times (right). Cells that were either treated with the tracer alone
(Tracer binding) or treated with tracer as well as excess unmodified clozapine (Tracer displacement). Respective
exposure conditions were held constant across treatment conditions. B.) BRET ratio data collected on the
GloMax® Galaxy. Graphs were generated using the following method. Mean grey values from donor and acceptor
images of the same 15 individual cells were measured for each treatment condition. mBRET ratios were
calculated using the following equation: (acceptor/donor) *1000.  Fold changes were calculated by taking the
average mBRET ratios for Tracer binding and dividing them by the average mBRET ratios for Tracer displacement.

If the exposures for each channel are held constant across
all conditions, different exposure times between donor and
acceptor will result in the same fold response but
improved dynamic range (Figure 2). To demonstrate this,
NanoBRET® target engagement (TE) HTR2C assay was
imaged at various exposures for both channels. Binding of
the acceptor-labeled tracer to HiBiT-HTR2C drives energy
transfer to the acceptor and generates a BRET signal after
addition of detection reagent (left); unlabeled clozapine
displaces the tracer to reduce BRET (right).

When imaging this assay on the GloMax® Galaxy, 120 s
exposures for both donor and acceptor resulted in BRET
ratios dropping to ~22mBU after clozapine treatment
from ~45 mBU, a two-fold change. Reducing the donor
exposure to 60 s doubles the dynamic range while still
showing a two-fold signal loss upon clozapine-mediated
tracer displacement (~45mBU after tracer displacement
from ~90mBU; Figure 2B). Adjusting exposure times thus
offers a simple way to boost dynamic range without
altering relative responses.
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优化图像灰度（亮度与对比度）

在受体通道中获取足够的信号（灰度值）有助于生成更稳健、

噪声更低的比率图像。此外，可通过后处理软件（如 Fiji）调

整亮度与对比度以优化图像视觉效果，但需确保这些调整在

整个实验中保持一致。

这些视觉比例尺的变化不会影响比率数值，因为比率数值是

基于原始图像所捕获的灰度值计算得出的。灰度值代表图像

上的像素强度水平，反映了检测到的信号量。图 3 展示了供

体与受体通道采用不同灰度标尺不会对最终的比率图像或数

值产生影响。

NanoBRET® Assays on the GloMax® Galaxy Bioluminescence
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Optimize Scale (Brightness and Contrast)
Acquiring sufficient signal (grey values) in the acceptor
channel may lend itself to more robust and less noisy
ratiometric images. Separately, one can improve the
appearance of images through modifying brightness and
contrast in post-processing software, such as Fiji, as long
as these modifications are kept consistent throughout
the experiment. 

Changes in these visual scales will not affect ratiometric
values as these are based on the captured grey values of
the raw images. Grey values represent the pixel intensity
levels on an image, reflecting the amount of detected
signal. Figure 3 demonstrates how different scales for
donor and acceptor channels do not impact the final
ratiometric image or values. 

Figure 3. Modifying Scale of Brightness or Contrast Description. Ratiometric images
of both 60 second and 120 second exposures are not influenced by changes in scale
(brightness or contrast) done in post-processing. See our GloMax® Galaxy Fiji guide

for more information on how to adjust images and generate ratiometric images.

图 3. 修改亮度或对比度比例尺的说明。无论是 60 秒还是 120 秒曝光的比率图像，都不会受到后期处理中所做的比例尺调整（亮度或对比度）

的影响。有关如何调整图像并生成比率图像的更多信息，请参阅我们的《GloMax® Galaxy Fiji 使用指南》。

https://promega.widen.net/s/qcvlffr2mz
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优化示例：在 HTR2A 和 HTR2C 上成像 NanoBRET® 靶标结合检测

1. GloMax® Galaxy 成像的细胞铺板与转染

a.  将密度为 1 × 105 个细胞 /mL 的 HeLa 细胞（培养于含 2% 血清的 Opti-MEM 培养基中）以 200 μL/ 孔的体积铺板于 8

孔 ibidi 处理培养皿中。

b.  使用标准 DNA 转染方案，以 100 倍稀释的 HiBiT-5HT2A 或 HiBiT-5HT2C 质粒转染细胞，并在 37℃、5% CO2 条件下

孵育过夜。

2. 曝光时间优化（未添加示踪剂）

a.  在成像前，立即向含有 200 μL 生长培养基的孔中加入 200 μL 的 2× 检测试剂（N157 NanoBRET® 底物按 1:125 稀释，

N401 LgBiT 按 1:100 稀释）。

b. 用 460/50 nm 带通滤光片采集供体发光信号，600 nm 长通滤光片采集受体发光信号。

c. 按照前述方法进行曝光时间优化，以确定受体基线背景信号和供体的最佳曝光时间。

3. 化合物添加

a.  将示踪剂预先配制成 HTR2C 的 200× EC70 浓度和 HTR2A 的 200× EC80 浓度（溶于 DMSO 中），然后 10 倍稀释于 0.3×

示踪剂稀释缓冲液（N2191）中，制备成 20× 示踪剂溶液。EC70 和 EC80 值已通过基于平板的预实验确定。

b. 每孔添加 10 μL 的 20× 示踪剂溶液；每种受体留一孔不处理作为阴性对照。

c. 将未修饰的氯氮平配制成 10% DMSO 中的 20× 溶液（600 μM）。向相应孔中添加 10 μL 的 20× 氯氮平溶液（最终浓

度为 30 μM）或 10 μL 的 10% DMSO 溶液。

d. 在 37℃、5% CO2 条件下孵育处理 60 分钟。

4. 在 GloMax® Galaxy 上进行成像

a. 在成像前立即向每孔添加 200 μL 的 2× 检测试剂（N157 底物按 1:125 稀释，N401 LgBiT 按 1:100 稀释）。

b. 使用步骤 2 中确定的曝光时间对细胞进行成像：供体曝光 60 秒，受体曝光 120 秒。

NanoBRET® Assays on the GloMax® Galaxy Bioluminescence
Imager – Guidance on Imaging and Quantitation W H I T E  P A P E R

WP138 | 4

Example Optimization: Imaging NanoBRET® Target Engagement at HTR2A and HTR2C

1.Plating and transfection for GloMax® Galaxy Imaging
a.HeLa cells at a density of 1x 10 /mL in Opti-MEM Culture Medium (2% serum) were plated in an 8-well ibidi-treat

chamber at 200 μL/well.

5

b.Cells were transfected with 100-fold DNA dilution of HiBiT-5HT2A or HiBiT-5HT2C plasmid using a standard
DNA-transfection protocol and incubated overnight at 37 C, 5% CO .o

2

2.Exposure time optimization (without tracer)
a.200 μL of 2x detection reagent (1:125 dilution of N157 NanoBRET® substrate and 1:100 dilution of N401 LgBiT)

was added to a well containing 200 μL of growth media immediately prior to imaging.
b.Filtered luminescence was captured using the 460/50 nm bp filter for the donor and the 600lp filter for the

acceptor.
c.Exposure time optimization was performed as described above to identify baseline acceptor background and

optimal donor exposure.
3.Compound addition

a.Tracer was prepared as 200x EC70 for HTR2C and EC80 for HTR2A in DMSO and then diluted 10-fold into 0.3x
Tracer Dilution Buffer (N2191) to generate 20x tracer solution. EC70 and EC80 were determined previously in a
plate-based assay. 

b.10 μL of 20x tracer solution was added per well; one well of each receptor was left untreated to serve as
negative control.

c.Unmodified clozapine was prepared in 10% DMSO as a 20x solution (600 μM). 10 μL of the 20x clozapine
solution (for a final concentration of 30 μM) or 10 μL of a 10% DMSO solution were added to appropriate wells. 

d.Treatment was incubated at 37 C, 5% CO  for 60 minuteso
2

4.  Imaging on GloMax® Galaxy
a.Immediately prior to imaging, 200 μL of 2x detection reagent (1:125 dilution of N157 substrate and 1:100

dilution of N401 LgBiT) was added to each well.
b.Cells were imaged using exposure times identified in step 2: 60s donor exposure and 120s acceptor exposure.

图 4. G 蛋白偶联受体（GPCR）靶标结合检测 A.) 在 GloMax® Galaxy 上拍摄的 HTR2C 受体靶标结合（TE）图像。B.) 在 GloMax® Galaxy

上拍摄的 HTR2A 受体靶标结合（TE）图像供体通道曝光 60 秒，受体通道曝光 120 秒。供体与受体未采用相同比例尺（亮度与对比度），但

在整个实验过程中保持恒定。比率图像通过将供体与受体图像同时乘以细胞“掩膜”，并将处理后的受体图像除以供体图像生成。
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总结与扩展资源

本指南阐述了使用 GloMax® Galaxy 细胞成像仪优化 NanoBRET® 检测的关键注意事项与建议。通过精细调节供体与受体的

曝光时间及比例尺，研究人员可获得理想的动态范围，适用于 NanoBRET® 蛋白质 - 蛋白质相互作用及靶标结合研究。

想了解更多关于 GloMax® Galaxy 生物发光成像的信息？

请查阅我们的完整版《GloMax® Galaxy Fiji使用指南》和《GloMax® Galaxy活细胞检测指南》，深入了解生物发光成像技术。

Promega 生物发光成像产品

仪器设备

产品 规格 目录号

GloMax® Galaxy Bioluminescence Imager System 1 each GM4005

GloMax® Galaxy Bioluminescence Imager Accessories 1 each GM4000

GloMax® Galaxy Bioluminescence Imager System 仅供科研使用（RUO）。

检测试剂

产品 规格 目录号

NanoBRET® Nano-Glo® Standard Detection System

200 assays N1661

1000 assays N1662

10000 assays N1663

NanoBRET® Nano-Glo® Kinetic Detection System

200 assays N2583

1000 assays N2584

10000 assays N2585

NanoBRET® PPI Flexi® Starter System 1 each N1821

NanoBRET® PPI MCS Starter System 1 each N1811

NanoBRET® TE Intracellular Kinase Assay K-3
100 assays N2600

1000 assays N2601

NanoBRET® TE Intracelluar Kinase Assay,K-3 (No control DNA) 10000 assays N2810

NanoBRET® TE Intracellular Kinase Assay, K-4
100 assays N2520

1000 assays N2521

NanoBRET® TE Intracelluar Kinase Assay,K-4 (No control DNA) 10000 assays N2540

NanoBRET® TE Intracellular Kinase Assay, K-5
100 assays N2500

1000 assays N2501

NanoBRET® TE Intracelluar Kinase Assay,K-5 (No control DNA) 10000 assays N2530

https://promega.widen.net/s/qcvlffr2mz
https://www.promega.com/resources/technologies/nanoluc-luciferase-enzyme/bioluminescence-imaging/
https://wechat.promega.com.cn/Upload/file/20250910/20250910151617_5048.pdf
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检测试剂

产品 规格 目录号

NanoBRET® TE Intracelluar Kinase Assay K-8
100 assays N2620

1000 assays N2621

NanoBRET® TE Intracelluar Kinase Assay,K-8 (No control DNA) 10000 assays N2820

NanoBRET® TE Intracelluar Kinase Assay K-9
100 assays N2630

1000 assays N2631

NanoBRET® TE Intracelluar Kinase Assay,K-9 (No control DNA) 10000 assays N2830

NanoBRET® TE Intracelluar Kinase Assay K-10
100 assays N2640

1000 assays N2641

NanoBRET® TE Intracelluar Kinase Assay,K-10 (No control DNA) 10000 assays N2840

NanoBRET® TE Intracelluar Kinase Assay K-11
100 assays N2650

1000 assays N2651

NanoBRET® TE Intracelluar Kinase Assay,K-11 (No control DNA) 10000 assays N2850

NanoBRET® TE Intracellular E3 Ligase Assay, CRBN 100 assays N2910

NanoBRET® TE Intracellular E3 Ligase Assay, CRBN 1,000 assays N2911

NanoBRET® TE Intracellular E3 Ligase Detection Reagents, CRBN 10,000 assays N2912

NanoBRET® TE Intracellular E3 Ligase Assay, VHL 100 assays N2930

NanoBRET® TE Intracellular E3 Ligase Assay, VHL 1,000 assays N2931

NanoBRET® TE Intracellular E3 Ligase Detection Reagents, VHL 10,000 assays N2932


