
摘要

人脑类器官是研究神经发育、疾病进展和治疗反应的强大 3D

模型。然而，常规分析方法通常依赖于侵入性且具有破坏性

的终点检测法，限制了其在动态长期研究中的应用。本文重

点介绍一套非破坏性的生物发光和荧光工具——NanoLuc® 和

HaloTag® 技术——用于实时追踪类器官中的细胞身份、蛋白

表达和组织发育。通过将这些系统与先进成像技术结合，研

究人员能够在不影响样本完整性的情况下持续监测复杂的生

物学过程。本文提供的信息基于 Stevens Rehen 博士的在线

研讨会，他是巴西 D'Or 研究与教育研究所的神经科学家，并

同时担任 Promega（普洛麦格）公司与 Usona 研究所的研

究员。

引言

脑类器官（常被称为“微型大脑”）源自诱导多能干细胞，已

成为模拟人脑发育某些方面的强大稳健的体外模型。这些 3D

培养物在模拟神经系统疾病、筛选化合物以及减少对动物模

型的依赖方面具有独特优势。尽管其用途日益广泛，但研究

人员在长期监测类器官健康状况和分化过程方面仍面临重大

挑战，尤其是在不破坏培养物的情况下。

为解决这一问题，普洛麦格公司的研究人员采用了一种双报

告基因策略，利用 NanoLuc® 萤光素酶和 HaloTag® 荧光标

记技术，实现对类器官发育和类器官间通讯的连续、高分辨

率定量评估（图 1）。这些系统支持终点分析和纵向分析，

为实验设计提供了灵活性。

使用 NanoLuc® 和 HaloTag® 技术对
脑类器官进行实时监测
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Abstract

Human cerebral organoids are powerful 3D models for 
studying neurodevelopment, disease progression, and 
therapeutic responses. However, conventional analytical 
approaches often rely on endpoint assays that are  
invasive and destructive, limiting their utility for  
dynamic, long-term studies. This paper highlights a 
suite of non-destructive bioluminescent and  
fluorescent tools—NanoLuc® and HaloTag®  
technologies—for real-time tracking of cell identity,  
protein expression, and tissue development in  
organoids. Leveraging these systems with advanced 
imaging, researchers can monitor complex biology  
continuously without compromising sample integrity. 
The information presented here is based on an  
on-demand webinar given by Dr. Stevens Rehen,  
a neuroscientist at the D’Or Institute for Research and 
Education (IDOR) in Brazil and Research Fellow at both 
Promega Corporation and the Usona Institute.

Introduction

Cerebral organoids, often called “mini-brains,” are 
derived from induced pluripotent stem cells (iPSCs)  
and have emerged as robust in vitro models for  
mimicking aspects of human brain development.  
These 3D cultures offer unique advantages for  
modeling neurological diseases, screening compounds, 
and reducing reliance on animal models. Despite their 
growing utility, researchers face significant challenges 
in monitoring organoid health and differentiation over 
time, particularly without disrupting the cultures.

To address this, researchers at Promega have utilized 
a dual-reporter strategy using NanoLuc® luciferase and 
HaloTag® fluorescent tagging to achieve continuous, 

high-resolution, and quantitative assessment of  
organoid development and communication (Figure 1). 
These systems support both endpoint and longitudinal 
analysis, providing flexibility in experimental design.

Methods and Technologies

HaloTag® Fluorescent Reporter System

The HaloTag® protein is a 33 kDa engineered enzyme 
that covalently binds synthetic ligands, which can be 
fluorescent or biotinylated. When fused to proteins  
of interest or driven by neuron-specific promoters  
(e.g., Synapsin), HaloTag can be used to:

•  Track cell types and protein localization via  
confocal or multiphoton microscopy

•  Conduct live-cell pulse-chase experiments  
with fluorescent reporters

•  Visualize specific neurons in mixed populations 
using distinct ligands (e.g., Janelia Fluor® 552  
and 669)

Figure 1. 3D organoid model developed in this study to monitor 
cross-communication between organoids by imaging fluorescence 
HaloTag® ligands.

图 1. 本研究开发的 3D 类器官模型：通过荧光成像 HaloTag® 配体监

测类器官间的交叉通讯。

方法与技术

HaloTag® 荧光报告基因系统

HaloTag® 蛋白是一种 33 kDa 的工程酶，可共价结合合成配

体（这些配体可以是荧光或生物素化的）。当与目标蛋白融

合或由神经元特异性启动子（如突触蛋白启动子）驱动时，

HaloTag® 可用于：

• 通过共聚焦或多光子显微镜追踪细胞类型和蛋白定位

• 利用荧光报告基因进行活细胞脉冲追踪实验

• 使用不同配体（如 Janelia Fluor® 552 和 669）在混合

群体中可视化特定神经元

https://hub.promega.com/wcc/eh/4457481/lp/4905117/real-time-non-destructive-monitoring-of-human-cerebral-organoids-via-the-nanoluc-halotag-reporter-system%0D
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NanoLuc® Bioluminescent Reporter System

NanoLuc® is a small, ATP-independent luciferase  
(19 kDa) engineered from a deep-sea shrimp luciferase. 
It generates bright blue light upon reaction with  
furimazine substrate, and supports:

•  High-sensitivity plate-based quantitation  
of gene expression

•  Imaging of neuronal differentiation and  
network formation via GloMax® Galaxy 
Bioluminescence Imager

•  Use in secreted formats (secNluc) to monitor  
promoter activity via conditioned media and  
the GloMax® Discover microplate reader

Delivery and Organoid Preparation

•  iPSC-derived neuronal progenitors were  
transduced with AAV vectors encoding  
HaloTag® or NanoLuc® reporters under  
neuron-specific promoters

•  Organoids were grown in suspension or in  
Matrigel and plated for imaging at desired  
time points

•  Fluorescent labeling was achieved via ligand  
addition (e.g., Janelia Fluor® dyes), and  
luminescence was monitored using Nano-Glo® 
reagents and GloMax® Discover Microplate Reader

Combining Fluorescence and Bioluminescence

When used together, HaloTag® and NanoLuc®  
technologies provide complementary readouts from  
the same organoid system. Researchers can perform 
live-cell imaging to localize tagged proteins while  
simultaneously collecting luminescent data to quantify 
gene expression dynamics. This dual approach  
streamlines data collection and enhances the spatial 
and temporal resolution of organoid-based experiments.

Results and Applications

Neuronal Differentiation Tracking with  
Halotag® Ligands

By tagging neuron-specific proteins (e.g., using the 
Synapsin promoter), researchers tracked neuronal 
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Figure 2. (A) Single fluorescence channels and (B) dual 
fluorescence channel showing cross cross-talk between 
spheroids labeled with Janelia Fluor® dyes.

maturation within spheroids. Fluorescence microscopy 
revealed neurite extension, network formation, and  
compartmentalized expression in 3D space. Dual-
labeling experiments demonstrated the ability to merge 
populations expressing different HaloTag® ligands for 
dynamic co-culture studies.

HaloTag® labeling with distinct ligands enables  
co-culture experiments to study inter-organoid  
communication. For example, two spheroids labeled 
with different Janelia Fluor® dyes (e.g., JF552 and 
JF669) were observed to extend neurites toward each 
other, modeling cross-talk between brain regions  
(Figure 2).
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NanoLuc® 生物发光报告系统

NanoLuc® 是一种小型（19 kDa）、不依赖 ATP 的萤光素酶，

由深海虾萤光素酶改造而成。它在与 furimazine 底物反应时

产生明亮的蓝光，并支持：

• 基于微孔板的高灵敏度基因表达定量分析

• 通过 GloMax® Galaxy 细胞成像仪对神经元分化和网络

形成进行成像

• 以分泌形式（secNluc）用于通过条件培养基和 GloMax® 

Discover 微孔板读数仪监测启动子活性

递送与类器官制备

• 用携带神经元特异性启动子驱动下的 HaloTag® 或

NanoLuc® 报告基因的 AAV 载体转导 iPSC 来源的神经

元祖细胞

• 类器官在悬浮液或基质胶中生长，并在所需时间点铺板

进行成像

• 通过添加配体（如 Janelia Fluor® 染料）实现荧光标记，

并使用 Nano-Glo® 试剂和 GloMax® Discover 微孔板

读数仪监测发光信号

结合荧光与生物发光技术

当联合使用时，HaloTag® 和 NanoLuc® 技术可从同一类器官

系统提供互补的读数。研究人员可进行活细胞成像以定位标

记蛋白，同时收集发光数据以量化基因表达动力学。这种双

重方法简化了数据收集，并提高了基于类器官实验的空间和

时间分辨率。

结果与应用

利用 HaloTag® 配体追踪神经元分化

通过标记神经元特异性蛋白（例如使用突触蛋白启动子），

研究人员追踪了球体内的神经元成熟过程。荧光显微镜显示

了 3D 空间中神经突延伸、网络形成和区室化表达。双标记

实验表明，可通过合并表达不同 HaloTag® 配体的细胞群体

进行动态共培养研究。

使用不同 HaloTag® 配体进行标记能够实现共培养实验，

以研究类器官间的通信。例如，观察到两个用不同 Janelia 

Fluor® 染料（如 JF552 和 JF669）标记的球体彼此延伸出神

经突，模拟了脑区间的交互作用（图 2）。

图 2. (A) 单荧光通道和 (B) 双荧光通道显示用 Janelia Fluor® 染料标

记的球体之间的交叉通信。
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Gene Expression Monitoring with Secreted  
NanoLuc® Reporters

In a second set of experiments, researchers used  
a modified NanoLuc® system, driven by a FOXG1  
promoter, to monitor transcriptional activity via  
secreted NanoLuc® Luciferase converted into a  
bioluminescent signal. FOXG1 is a critical transcription 
factor for forebrain development and neurogenesis.  
By linking its promoter to a secreted form of NanoLuc®, 

researchers were able to measure gene expression 
directly from the culture media, without lysing cells or 
disrupting organoid formation. Luminescence measured 
in culture media (using the GloMax® Discover plate  
reader) closely correlated with FOXG1 protein levels  
as detected by western blot during organoid  
development (Figure 3). 

This method enabled dynamic, non-invasive assessment 
of transcriptional activity across time points and  
conditions. Because the luciferase is secreted, this  
platform supports longitudinal monitoring and  
continuous quality control of 3D models while  
preserving sample integrity.

Conclusion

NanoLuc® and HaloTag® technologies enable real-time, 
non-destructive monitoring of complex biological  
processes in cerebral organoids. These tools provide 
high-resolution imaging, sensitive quantitation, and  
multiplexing capabilities, supporting a wide range of 
neurodevelopmental studies. When paired with  
platforms such as AAV delivery systems and imaging, 
they offer a scalable and customizable solution for 
dynamic, long-term analysis in 3D culture systems.  
To learn more about imaging 3D models, check out  
our live-cell imaging page.

Related Products:

• Nano-Glo® Live Cell Assay (Cat.# N2011)

• Janelia Fluor® HaloTag® Ligands (e.g., HT1060)

• GloMax® Galaxy Bioluminescence Imager

• AAV Vectors for Neuronal Promoter Expression
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Figure 3. (A) Secretion of NanoLuc® Luciferase detected on 
GloMax® Discover (B) correlates with endogenous FOXG1  
levels over time, detected by western blot.
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Secretion of NanoLuc® Luciferase 

Correlates with Endogenous FOXG1

NanoLuc® 萤光素酶的分泌与
内源性 FOXG1 相关

图 3. (A) 通过 GloMax® Discover 检测到的 NanoLuc® 萤光素酶分泌

情况与 (B) 通过蛋白质印迹法检测到的内源性 FOXG1 水平，随时间

变化趋势相符。

使用分泌型 NanoLuc® 报告基因监测基因表达

NanoLuc® 报告基因在第二组实验中，研究人员采用由

FOXG1 启动子驱动的改良 NanoLuc® 系统，通过将分泌型

NanoLuc® 萤光素酶转化为生物发光信号来监测转录活性。

FOXG1 是前脑发育和神经发生的关键转录因子。通过将其

启动子与分泌型 NanoLuc® 相连 , 研究人员能够直接从培养

基中测量基因表达，无需裂解细胞或干扰类器官形成。在类

器官发育过程中，培养基中测量的发光信号（使用 GloMax® 

Discover 微孔板检测仪）与通过蛋白质印迹法检测到的

FOXG1 蛋白水平高度吻合（图 3）。

该方法实现了跨时间点与实验条件的动态、非侵入式转录活

性评估。由于萤光素酶具有分泌特性，该平台可在保持样本

完整性的同时，实现对三维模型的纵向监测和持续质量控制。

结论

NanoLuc® 和 HaloTag® 技术能够实时、无损地监测脑类器官

中的复杂生物过程。这些工具提供高分辨率成像、灵敏定量

和多重检测功能，支持广泛的神经发育研究。当与 AAV 递送

系统和成像平台等技术联用时，它们为三维培养系统提供了

可扩展、可定制的动态长期分析解决方案。欲了解 3D 模型

成像的更多信息，请查看我们的活细胞成像页面。

相关产品：

• Nano-Glo® Live Cell Assay (Cat.# N2011) 

• Janelia Fluor® HaloTag® Ligands (e.g., HT1060) 

• GloMax® Galaxy Bioluminescence Imager 

• AAV Vectors for Neuronal Promoter Expression
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