
更快速 更灵敏 高特异
Lumit® dsRNA 杂质检测与定量系统

技术优势 主要应用

• 操作简单：无需洗涤，只需 75 分钟可获得结果，适合高

通量操作。

• 灵敏度及线性范围高：LoD<1pg/ml。0.04 至 2.5ng/ml

的精确线性范围。

• 特异性高：与 ssRNA 或 DNA 无交叉反应。可在含有混合

RNA 种类的体外转录样本中，对双链 RNA 实现准确定量。

• 定量检测：不依赖 dsRNA 的序列或片段大小（≥30 bp）。

• 新方法：不依赖抗体进行 dsRNA 检测。

•  mRNA 治疗和疫苗开发

•  In vivo CAR-T 质控

•  体外转录（IVT）过程优化

•  质量控制和工艺开发

•  高通量应用

•  基础和转化研究

mRNA 产物质控mRNA 产物质控

上图 . Lumit® dsRNA Detection Assay 检测流程。利用基因工程将 dsRNA 结合域与 SmBiT 和 LgBiT 融合来检测 dsRNA。
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4. dsRNA Detection Assay Protocol

Figure 1. Lumit® dsRNA Detection Assay schematic protocol. 
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加样 加入 Lumit® dsRNA Sensor

室温孵育 1 小时 室温孵育 15 分钟

加入 Lumit® Detection Substrate 读取结果

GloMax® Discover 
System

定量 dsRNA
高质量的体外转录（IVT）产物对于研究和 RNA 疗法开发至关重要。然而，IVT 过程可能会产生双链 RNA (dsRNA) 副产物，这

种污染物会对药物物质和产品造成显著的负面下游效应，例如高免疫原性。因此，对 dsRNA 进行灵敏和定量的评估对于控制和

优化 mRNA 治疗和疫苗制造过程非常关键。

Lumit® dsRNA Detection Assay 提供了一种新颖的定量样品中 dsRNA 的方法。
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用 Lumit® dsRNA 检测修饰型 dsRNA

修饰型 dsRNA 标准品的标准曲线响应范围。针对每种修

饰型 dsRNA 标准品制备标准曲线：假尿苷（Ψ）、N1-

甲基假尿苷（m1Ψ）、5- 甲氧基尿苷（mo5U）和 5- 甲

基胞苷（m5C）。使用 GloMax® Discover 系统，采用 0.5

秒积分时间，扣除背景后绘制发光值。本图仅供示意。

请务必在每个实验板上进行标准曲线测定。绝对 RLU 值

会因发光检测仪的灵敏度和设置不同而变化。

在混合样本中特异性检测 dsRNA

IVT 样本分别经过 ±RNase If（特异性作用于 ssRNA，左侧）或 RNase III（特异性作用于 dsRNA，右侧）处理，然后定量测定

总 RNA（使用 QuantiFluor® RNA 试剂）和 dsRNA（采用 Lumit® 方法）。

用RNase If 消化 ssRNA显著减少了总RNA的量，但并未影响所检测到
的 dsRNA的量。

用 RNase III 将 dsRNA 消化成 ≤20bp 的片段后，在 Lumit® dsRNA 
Detection Assay 中导致了信号的完全丧失。

了解更多 mRNA 疗法解决方案

www.promega.com.cn/applications/gene-therapy-tools/rna-therapy/mrna-therapy-solutions/
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• Left: dsRNA was untreated 
(black) or treated with RNase III 
(red), resulting in loss of assay 
signal

• Right: detection of dsRNA 
fragments ≥ 30bp

Development of novel luminescent assays for sensitive and specific 
quantitation of double-stranded RNA in mRNA vaccines
Richard Moravec, Jun Wang, Jim Hartnett, Mei Cong and Jamison Grailer
Promega Corporation, 2800 Woods Hollow Rd, Madison, WI 53711
Abstract # 8031

1. Introduction 3. Lumit® dsRNA Detection Assay protocol 6. Specific detection of dsRNA by the TLR3 Bioassay

2. dsRNA detection using Nanoluciferase Binary 
Technology (NanoBiT®)

4. Detection of dsRNA ≥ 30bp

7. Differences in TLR3 activation by dsRNA size, 
transfection reagent, and IVT product

5. Specific detection of dsRNA in IVT products

8. Conclusions

We have developed two new tools for dsRNA detection and quantitation
• The Lumit® dsRNA Detection Assay provides sensitive quantitation of dsRNA in mixed 

solutions, and overcomes the inadequacies of existing ELISA and blot technology
• Cell-based reporter bioassay enables MoA-relevant measure of cellular response to 

dsRNA in encapsulated mRNA preparations

Easy-to-implement
• Rapid and convenient workflows
• Lumit® dsRNA Detection Assay features a simple add-mix-read protocol with no 

immobilization or wash steps 
• TLR3 Bioassay can be used in “Thaw-and-Use” format, no cell culture required
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• Double-stranded RNA (dsRNA) is a byproduct and contaminant of in vitro transcription 
(IVT) products

• dsRNA is highly immunogenic and can be detected by several intracellular or endosomal 
sensors, leading to inflammation, translation inhibition, and cell death

Chen & Hur, Nat Rev Mol Cell Biol, 2022

• Existing methods to detect dsRNA in mixed solutions lack quantitation, specificity, and 
sensitivity

• We have developed novel assay systems for dsRNA detection using bioluminescence
• dsRNA Detection Assay using NanoBiT® technology
• dsRNA detection using cell-based reporter bioassay

LgBiT

NanoBiT®

SmBiT

• Nanoluciferase is split into two subunits: SmBiT and 
LgBiT

• Complementation of SmBiT and LgBiT generates a 
functional luciferase and the generation of light in the 
presence of substrate

• SmBiT and LgBiT have very low affinity in solution

NanoBiT®

Luciferase

SmBiT
Fusion

LgBiT
Fusion

• Forced complementation of the NanoBiT® luciferase is 
achieved by fusion of the BiTs to binding partnersSmBiT LgBiT

• SmBiT and LgBiT were genetically fused to dsRNA 
binding domains (DRBDs)

• Dimerization of the BiT-DRBDs on dsRNA induces 
complementation of NanoBiT® luciferase and 
generation of light (image made in BioRender)
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• The Lumit  dsRNA Detection Assay was performed 
with titrations of nucleic acids, as indicated

• The Lumit  dsRNA Detection Assay was performed 
with an IVT product after sequential purification 
steps

Quantitation of dsRNA in IVT products
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• Poly(I:C) or Poly(U) with or without lipid 
transfection reagent (Lipofectamine  RNAiMAX) 
was tested in the TLR3 Bioassay

• No response to ssRNA (Poly(U)) was observed

Specific detection of dsRNA in mixed samples
• IVT samples were treated ± RNase If (ssRNA-specific, left) or RNase III (dsRNA-specific, right) and dsRNA (Lumit ) 

was quantitated
• Left: Digestion of ssRNA significantly reduced total RNA, but did not impact dsRNA detection
• Right: Digestion of dsRNA into fragments ≤ 20bp results in a complete loss of activity in the Lumit  dsRNA 

Detection Assay

• The Lumit® dsRNA Detection Assay (left) and the 
TLR3 Bioassay (right) were performed with three 
IVT products as samples

▪ IVT 1: purified with LiCl2 (0.4kb product)
▪ IVT 2: DEAE column-purified (1.8kb)
▪ IVT 3: DEAE column-purified (1.2kb)

• For the TLR3 Bioassay, samples were complexed 
with Lipofectamine  RNAiMAX

• TLR3 Bioassay response is likely dependent on 
size of dsRNA contaminants, not necessarily total 
amount of dsRNA

• The TLR3 Bioassay was performed with Lipofectamine  RNAiMAX-complexed dsRNA samples of different size and sequence 
(left) or with Poly(I:C) (0.2-1kb) with different lipid transfection reagents (right)

• The TLR3 Bioassay response is dependent on dsRNA size as well as RNA delivery method

For Research Use Only. Not for use in diagnostic procedures.
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• Left: dsRNA was untreated 
(black) or treated with RNase III 
(red), resulting in loss of assay 
signal

• Right: detection of dsRNA 
fragments ≥ 30bp
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(IVT) products
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sensors, leading to inflammation, translation inhibition, and cell death
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• The Lumit® dsRNA Detection Assay (left) and the 
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▪ IVT 1: purified with LiCl2 (0.4kb product)
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产品名称 规格 目录号

Lumit dsRNA Detection Assay 100 assays W2041

Lumit dsRNA Detection Assay 5X 500 assays W2042

Lumit dsRNA Standard(unmodified) 15 μl W2040

Lumit dsRNA Assay Buffer (5X) 8 ml W2010

Lumit 5-methoxyuridine dsRNA Detection Assay 100 assays W2071

Lumit 5-methoxyuridine dsRNA Detection Assay 500 assays W2072

Lumit dsRNA Standard (5-methoxyuridine, mo5U) 15 μl W2070

Lumit 5-methylcytidine dsRNA Detection Assay 100 assays W2081

Lumit 5-methylcytidine dsRNA Detection Assay 500 assays W2082

Lumit dsRNA Standard (5-methylcytidine, m5C) 15 μl W2080

Lumit N1-methylpseudouridine dsRNA Detection Assay 100 assays W2051

Lumit N1-methylpseudouridine dsRNA Detection Assay 500 assays W2052

Lumit dsRNA Standard (N1-methylpseudouridine, m1Ψ) 15 μl W2050

Lumit" Pseudouridine dsRNA Detection Assay 100 assays W2061

Lumit" Pseudouridine dsRNA Detection Assay 500 assays W2062

Lumit dsRNA Standard (Pseudouridine, Ψ) 15 μl W2060

产品列表

在体外转录（IVT）产物中特异性检测 dsRNA

出色的批内和批间精度以及极低的检测限

批间检测精准度 Inter-Assay Precision

Expected
(ng/ml)

Apparent
n-=48

(ng/ml)

Recovery
N=48(%) CV(%)

0.125 0.130 104 6.2

0.5 0.494 99 5.2

2.0 2.069 103 3.6

Average:5

批内检测精准度 Intra-Assay Precision

Expected
(ng/ml)

Apparent
n-=48

(ng/ml)

Recovery
N=48(%) CV(%)

0.125 0.133 106 3.2

0.5 0.507 101 4.4

2.0 2.070 104 3.6

Average:3.7

上图：使用 Lumit® dsRNA 检测分析技术对一系列浓度梯度的 dsRNA 样本进行检测，所生成的标准反应曲线如上图所示。每个数据点代表六次

平行重复测定的平均值，所有数据均来源于三次独立实验。检测使用 GloMax® Discover 化学发光检测仪进行读数。经计算，该分析的检测限为 0.37 

pg/mL，定量限为 1.12 pg/mL，凸显了其卓越的灵敏度和重复性。

下表：在三次独立实验中，对三种不同浓度的 dsRNA 样本进行了测定，每种浓度设置 16 个
平行重复。通过使用标准曲线进行线性插值计算，确定了各浓度的平均表观浓度。

在体外转录（IVT）产物中对 dsRNA 进行定量对其他核酸有限的交叉反应性

如图所示，使用不同滴度的核酸进行了 Lumit® dsRNA 检测。 使用经过连续纯化步骤后的 IVT 产物进行了 Lumit® 
dsRNA 检测。

检测 ≥30bp 的 dsRNA

www.promega.com

• Left: dsRNA was untreated 
(black) or treated with RNase III 
(red), resulting in loss of assay 
signal

• Right: detection of dsRNA 
fragments ≥ 30bp

Development of novel luminescent assays for sensitive and specific 
quantitation of double-stranded RNA in mRNA vaccines
Richard Moravec, Jun Wang, Jim Hartnett, Mei Cong and Jamison Grailer
Promega Corporation, 2800 Woods Hollow Rd, Madison, WI 53711
Abstract # 8031

1. Introduction 3. Lumit® dsRNA Detection Assay protocol 6. Specific detection of dsRNA by the TLR3 Bioassay

2. dsRNA detection using Nanoluciferase Binary 
Technology (NanoBiT®)

4. Detection of dsRNA ≥ 30bp

7. Differences in TLR3 activation by dsRNA size, 
transfection reagent, and IVT product

5. Specific detection of dsRNA in IVT products

8. Conclusions

We have developed two new tools for dsRNA detection and quantitation
• The Lumit® dsRNA Detection Assay provides sensitive quantitation of dsRNA in mixed 

solutions, and overcomes the inadequacies of existing ELISA and blot technology
• Cell-based reporter bioassay enables MoA-relevant measure of cellular response to 

dsRNA in encapsulated mRNA preparations

Easy-to-implement
• Rapid and convenient workflows
• Lumit® dsRNA Detection Assay features a simple add-mix-read protocol with no 

immobilization or wash steps 
• TLR3 Bioassay can be used in “Thaw-and-Use” format, no cell culture required
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• Double-stranded RNA (dsRNA) is a byproduct and contaminant of in vitro transcription 
(IVT) products

• dsRNA is highly immunogenic and can be detected by several intracellular or endosomal 
sensors, leading to inflammation, translation inhibition, and cell death

Chen & Hur, Nat Rev Mol Cell Biol, 2022

• Existing methods to detect dsRNA in mixed solutions lack quantitation, specificity, and 
sensitivity

• We have developed novel assay systems for dsRNA detection using bioluminescence
• dsRNA Detection Assay using NanoBiT® technology
• dsRNA detection using cell-based reporter bioassay

LgBiT

NanoBiT®

SmBiT

• Nanoluciferase is split into two subunits: SmBiT and 
LgBiT

• Complementation of SmBiT and LgBiT generates a 
functional luciferase and the generation of light in the 
presence of substrate

• SmBiT and LgBiT have very low affinity in solution

NanoBiT®

Luciferase

SmBiT
Fusion

LgBiT
Fusion

• Forced complementation of the NanoBiT® luciferase is 
achieved by fusion of the BiTs to binding partnersSmBiT LgBiT

• SmBiT and LgBiT were genetically fused to dsRNA 
binding domains (DRBDs)

• Dimerization of the BiT-DRBDs on dsRNA induces 
complementation of NanoBiT® luciferase and 
generation of light (image made in BioRender)

Add Detection Reagent
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Measure
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15 min

Add dsRNA sensors Add sample
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• Simple add-mix-read 
assay format

• No washing or sample 
transfer
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Control: same treatment conditions, but without RNase
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Limited cross-reactivity to other nucleic acids

• The Lumit  dsRNA Detection Assay was performed 
with titrations of nucleic acids, as indicated

• The Lumit  dsRNA Detection Assay was performed 
with an IVT product after sequential purification 
steps

Quantitation of dsRNA in IVT products
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Assay design
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• Poly(I:C) or Poly(U) with or without lipid 
transfection reagent (Lipofectamine  RNAiMAX) 
was tested in the TLR3 Bioassay

• No response to ssRNA (Poly(U)) was observed

Specific detection of dsRNA in mixed samples
• IVT samples were treated ± RNase If (ssRNA-specific, left) or RNase III (dsRNA-specific, right) and dsRNA (Lumit ) 

was quantitated
• Left: Digestion of ssRNA significantly reduced total RNA, but did not impact dsRNA detection
• Right: Digestion of dsRNA into fragments ≤ 20bp results in a complete loss of activity in the Lumit  dsRNA 

Detection Assay

• The Lumit® dsRNA Detection Assay (left) and the 
TLR3 Bioassay (right) were performed with three 
IVT products as samples

▪ IVT 1: purified with LiCl2 (0.4kb product)
▪ IVT 2: DEAE column-purified (1.8kb)
▪ IVT 3: DEAE column-purified (1.2kb)

• For the TLR3 Bioassay, samples were complexed 
with Lipofectamine  RNAiMAX

• TLR3 Bioassay response is likely dependent on 
size of dsRNA contaminants, not necessarily total 
amount of dsRNA

• The TLR3 Bioassay was performed with Lipofectamine  RNAiMAX-complexed dsRNA samples of different size and sequence 
(left) or with Poly(I:C) (0.2-1kb) with different lipid transfection reagents (right)

• The TLR3 Bioassay response is dependent on dsRNA size as well as RNA delivery method
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• Left: dsRNA was untreated 
(black) or treated with RNase III 
(red), resulting in loss of assay 
signal

• Right: detection of dsRNA 
fragments ≥ 30bp
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2. dsRNA detection using Nanoluciferase Binary 
Technology (NanoBiT®)

4. Detection of dsRNA ≥ 30bp

7. Differences in TLR3 activation by dsRNA size, 
transfection reagent, and IVT product

5. Specific detection of dsRNA in IVT products

8. Conclusions

We have developed two new tools for dsRNA detection and quantitation
• The Lumit® dsRNA Detection Assay provides sensitive quantitation of dsRNA in mixed 

solutions, and overcomes the inadequacies of existing ELISA and blot technology
• Cell-based reporter bioassay enables MoA-relevant measure of cellular response to 

dsRNA in encapsulated mRNA preparations

Easy-to-implement
• Rapid and convenient workflows
• Lumit® dsRNA Detection Assay features a simple add-mix-read protocol with no 

immobilization or wash steps 
• TLR3 Bioassay can be used in “Thaw-and-Use” format, no cell culture required
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• Double-stranded RNA (dsRNA) is a byproduct and contaminant of in vitro transcription 
(IVT) products

• dsRNA is highly immunogenic and can be detected by several intracellular or endosomal 
sensors, leading to inflammation, translation inhibition, and cell death

Chen & Hur, Nat Rev Mol Cell Biol, 2022

• Existing methods to detect dsRNA in mixed solutions lack quantitation, specificity, and 
sensitivity

• We have developed novel assay systems for dsRNA detection using bioluminescence
• dsRNA Detection Assay using NanoBiT® technology
• dsRNA detection using cell-based reporter bioassay
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• Complementation of SmBiT and LgBiT generates a 
functional luciferase and the generation of light in the 
presence of substrate

• SmBiT and LgBiT have very low affinity in solution
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achieved by fusion of the BiTs to binding partnersSmBiT LgBiT

• SmBiT and LgBiT were genetically fused to dsRNA 
binding domains (DRBDs)

• Dimerization of the BiT-DRBDs on dsRNA induces 
complementation of NanoBiT® luciferase and 
generation of light (image made in BioRender)
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• Poly(I:C) or Poly(U) with or without lipid 
transfection reagent (Lipofectamine  RNAiMAX) 
was tested in the TLR3 Bioassay

• No response to ssRNA (Poly(U)) was observed

Specific detection of dsRNA in mixed samples
• IVT samples were treated ± RNase If (ssRNA-specific, left) or RNase III (dsRNA-specific, right) and dsRNA (Lumit ) 

was quantitated
• Left: Digestion of ssRNA significantly reduced total RNA, but did not impact dsRNA detection
• Right: Digestion of dsRNA into fragments ≤ 20bp results in a complete loss of activity in the Lumit  dsRNA 

Detection Assay

• The Lumit® dsRNA Detection Assay (left) and the 
TLR3 Bioassay (right) were performed with three 
IVT products as samples

▪ IVT 1: purified with LiCl2 (0.4kb product)
▪ IVT 2: DEAE column-purified (1.8kb)
▪ IVT 3: DEAE column-purified (1.2kb)

• For the TLR3 Bioassay, samples were complexed 
with Lipofectamine  RNAiMAX

• TLR3 Bioassay response is likely dependent on 
size of dsRNA contaminants, not necessarily total 
amount of dsRNA

• The TLR3 Bioassay was performed with Lipofectamine  RNAiMAX-complexed dsRNA samples of different size and sequence 
(left) or with Poly(I:C) (0.2-1kb) with different lipid transfection reagents (right)

• The TLR3 Bioassay response is dependent on dsRNA size as well as RNA delivery method
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左图：dsRNA 未处理 ( 黑色 ) 或
经 RNase III 处理（红色）后导
致检测信号丢失

右图：检测到 ≥30bp 的 dsRNA
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