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1.  描述

Nano-Glo® Fluorofurimazine In Vivo Substrate(a,b) 是一种优化的制剂，设计用于 NanoLuc® 萤光素酶、NanoLuc® 融
合蛋白或重组 NanoBiT® 萤光素酶在动物模型内实现生物发光成像。该制剂含有 fluorofurimazine（FFz）和泊洛沙
姆 -407（P-407）。FFz 是一种水溶解度更高的 furimazine 衍生物。该制剂提高了底物在体内的生物利用度，使发光
信号明显比含有 furimazine 的制剂更亮（1,2）。FFz 的结构如图 1 所示。使用 NanoLuc® 萤光素酶时，最大发射波长
为 459nm，与 furimazine 相似（见图 5）。
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1. Description

The Nano-Glo® Fluorofurimazine In Vivo Substrate(a,b) is an optimized formulation for bioluminescence imaging of NanoLuc® 
luciferase, NanoLuc® fusion proteins or reconstituted NanoBiT® luciferase in animal models. The formulation contains 
fluorofurimazine (FFz), a furimazine derivative with increased aqueous solubility, and poloxamer-407 (P-407). This 
formulation provides increased substrate bioavailability in vivo, leading to signals that are substantially brighter than 
formulations containing furimazine (1,2). The structure of fluorofurimazine is shown in Figure 1. With NanoLuc® luciferase, 
the emission maximum is 459nm, similar to furimazine (Figure 5). 
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igure 1. Fluorofurimazine chemical structure. Fluorofurimazine is a substrate for NanoLuc® and NanoBiT® luciferases. 
NanoBiT® luciferase is formed by complementation of Large BiT (LgBiT) with either Small BiT (SmBiT) or High BiT (HiBiT) 
peptides. Molecular weight = 432.43g/mol.

2. Product Components and Storage Conditions

P R O D U C T  S I Z E  C AT. #

Nano-Glo® Fluorofurimazine In Vivo Substrate 1 vial N4100

 5 vials N4110

Storage Conditions: Store lyophilized substrate at less than –65°C and protect from light. We recommend reconstituting a 
new vial for each in vivo imaging experiment. 

图 1. Fluorofurimazine 的化学结构。Fluorofurimazine 是 NanoLuc® 萤光素酶和 NanoBiT® 萤光素酶的底物。NanoBiT®

萤光素酶是大 BiT（LgBiT）肽与小 BiT（SmBiT）肽或高 BiT（HiBiT）肽互补结合形成的。分子量 =432.43g/mol。

2.  产品组分和储存条件

产品 规格 目录号

Nano-Glo® Fluorofurimazine In Vivo Substrate
1 vial N4100

5 vials N4110

储存条件：将冻干底物保存在 -65℃温度以下，避光。我们建议每次体内成像实验时，复溶一瓶新的制剂。
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3.  操作步骤

3.A   概述

研发 Nano-Glo® Fluorofurimazine In Vivo Substrate 的目的是提高 NanoLuc® 萤光素酶、NanoLuc® 融合蛋白或
NanoBiT® 萤光素酶在动物模型内的生物发光成像。该制剂含有 furimazine 衍生物 fluorofurimazine，水溶解度更高（见
图 1），能提高底物在体内的生物利用度。该制剂通过在冻干制剂中加入亲水性非离子表面活性剂泊洛沙姆 -407（P-407），
进一步提高了生物利用度。

基于鲎变形细胞裂解物（LAL）方法，检测每批次 Nano-Glo® Fluorofurimazine In Vivo Substrate 的内毒素水平，为
≤0.1EU/mg。

3.B  复溶 Nano-Glo® Fluorofurimazine In Vivo Substrate

每个小瓶中都含有冻干 fluorofurimazine 底物（4.6µmoles）和 P-407 的混合物。加入 525µl 无菌磷酸盐缓冲盐水（PBS）
或无菌杜氏磷酸盐缓冲液（DPBS），手动轻柔旋转，使冻干固体被溶解。切勿涡旋。复溶后的溶液呈橙色。底物溶液
可在室温下保存 8 小时，fluorofurimazine 浓度下降 <15%；或在 4℃下保存 8 小时，fluorofurimazine 浓度下降 <5%。
我们建议每次体内成像实验时，复溶一瓶新的制剂。

如果需要，该冻干材料可以在不超过 1.5ml 无菌 PBS 或 DPBS 中重悬，以在每次注射时提供较低剂量的
fluorofurimazine 底物。这将为具有足够亮度的实验系统节省底物。

3.C  注射 Nano-Glo® Fluorofurimazine In Vivo Substrate

请遵守标准操作规程来进行您的动物模型注射。请完全遵守贵机构有关善待动物的指导原则。

使用者应该根据动物模型和灵敏度要求，确定每次注射的最佳剂量。为优化小鼠静脉注射（i.v.）和腹腔注射（i.p.），
每 24 小时周期 fluorofurimazine 底物的建议起始剂量为 0.44µmoles。注射后，在多个时间点检测生物发光信号，生成
动力学曲线（见图 3），使用生成的动力学曲线确定后续检测的最佳时间点。

对于小鼠腹腔注射，每 24 小时周期 fluorofurimazine 的最大建议剂量为 1.5µmoles（该数据未公布）。当超过建议剂量，
或多次频繁注射时，监测毒性是否增加。

对于小鼠静脉注射，当每 24 小时周期剂量超过 0.44µmoles，或多次频繁注射时，监测毒性是否增加。

3.D  体内成像

遵守确定的操作步骤进行小鼠成像，完全遵守贵机构有关善待动物的要求。如果自发发光信号对成像来说是个问题，请
遮盖注射部位。
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4.  代表数据

小鼠 4T1 细胞原位植入雌性 BALB/c 小鼠乳腺脂肪垫是乳腺癌研究的同基因模型系统（3）。原发肿瘤在 2-4 周内出现，
原发肿瘤和肺转移瘤均可通过生物发光可见（3,4）。

建立了同时稳定表达 NanoLuc® 萤光素酶和萤火虫萤光素酶的 4T1 细胞系。当使用 Nano-Glo® Dual Luciferase® 
Reporter Assay System（目录号：N1620）进行体外检测时，NanoLuc® 信号比萤火虫信号约高 70 倍，结果与这些报
告基因的已知相对亮度一致。

将 4T1/Nluc-P2A-Fluc 细胞系原位植入雌性 BALB/c 小鼠的 #3 乳腺脂肪垫后，肿瘤生长 22 天，然后分箱成肿瘤大小
相似的队列。小鼠腹腔注射或静脉注射Nano-Glo® Fluorofurimazine In Vivo Substrate，以检测NanoLuc® 发光信号（见
图 2）。同样，小鼠腹腔注射 Vivo-Glo® Luciferin, In Vivo Grade，以检测萤火虫发光信号（见图 2）。在所有情况下，
检测发光信号 75 分钟，每 5 分钟检测一次，以比较不同试验条件下的相对于时间的信号强度（见图 2 和图 3）。
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Figure 2. Bioluminescence images of 4T1 primary tumors in BALB/c mice. Ten thousand 4T1 cells expressing both 
NanoLuc® and firefly luciferases were implanted orthotopically into the #3 mammary fat pad of female BALB/c mice. 
Primary tumors were allowed to grow for 22 days prior to binning into three cohorts based on tumor size. One day after 
binning, bioluminescence was measured every 5 minutes for 75 minutes following injection of respective substrates. The 
hair in the vicinity of primary tumors was removed by shaving. Panel A. Cohort #1 (n = 5) was imaged 20 minutes 
following contralateral i.p injection of 0.44µmoles of Nano-Glo® Fluorofurimazine In Vivo Substrate (0.19mg in 50µl total 
volume). The color table ranges were 2.63 × 105–5.26 × 106 photons/second/cm2/ steradian (sr). Autoluminescence from 
the i.p. injection site was blocked using a black, nonfluorescent plastic sheet. Panel B. Cohort #2 (n = 5) was imaged 
10 minutes following i.v. injection of 0.44µmoles of Nano-Glo® Fluorofurimazine In Vivo Substrate (0.19mg in 50µl total 
volume). Autoluminescence from the tail was blocked using a black, nonfluorescent plastic sheet. The color table ranges 
were 6.08 × 105–8.67 × 107 photons/second/cm2/sr. Panel C. Cohort #3 (n = 5) was imaged 20 minutes following 
contralateral i.p. injection of 9.4µmoles of Vivo-Glo® Luciferin, In Vivo Grade (3mg in 100µl). The color table ranges were 
2.93 × 105–3.29 × 107 photons/second/cm2/sr. Prior to binning, primary tumor sizes were similar for all three cohorts, with 
an average tumor volume of 135 ± 50mm3. Images were acquired using an IVIS Spectrum In Vivo Imaging System (Perkin 
Elmer). IVIS settings: Emission filter, open; FOV, 22.4 x 22.4cm; f stop, 1; binning, M(8); autoexposure times, 15, 1 and 
3 seconds for Panels A, B and C, respectively. Bioluminescence imaging was done at the University of Wisconsin Small 
Animal Imaging and Radiotherapy Facility, Madison, WI. Images were analyzed using Living Image software (version 
4.7.4). Regions of interest for calculating total photon flux (see Figure 3) are indicated in each image.

图 2. BALB/c 小鼠 4T1 原发肿瘤的生物发光成像。将 1 万个同时表达 NanoLuc® 萤光素酶和萤火虫萤光素酶的 4T1 细胞
原位植入 BALB/c 雌性小鼠乳腺 #3 脂肪垫。允许原发肿瘤生长 22 天，然后根据肿瘤大小分箱成三个肿瘤队列。分箱后
第二天，注射底物后，检测生物发光信号 75 分钟，每 5 分钟检测一次。剔除原发肿瘤附近的被毛。图A. 队列 #1（n=5）
在对侧腹腔注射 0.44µmoles Nano-Glo® Fluorofurimazine In Vivo Substrate（50µl 总容积含 0.19mg）后 20 分钟成
像。色表范围为 2.63×105–5.26×106 光子 / 秒 /cm2/ 球面度（sr）。使用一块黑色非荧光塑料布遮住腹腔注射部位的自
发光信号。图 B. 队列 #2（n=5）静脉注射 0.44µmoles Nano-Glo® Fluorofurimazine In Vivo Substrate（50µl 总容积含
0.19mg）后 10 分钟成像。使用一块黑色非荧光塑料布遮住尾部的自发光信号。色表范围为 6.08×105–8.67×107 光子 / 秒 /
cm2/sr。图 C. 队列 #3（n=5）在对侧腹腔注射 9.4µmoles Vivo-Glo® Luciferin, In Vivo Grade（100µl 体积含 3mg）后
20 分钟成像。色表范围为 2.93×105–3.29×107 光子 / 秒 /cm2/sr。分箱前，三个队列的原发肿瘤大小相似，平均肿瘤体
积为 135±50mm3。使用 IVIS Spectrum In Vivo Imaging System（Perkin Elmer）获得成像。IVIS 设置：发射滤光器，
打开； 视场角（FOV），22.4×22.4cm；f 光圈，1；分箱，M(8)；图 A、图 B 和图 C 自动曝光时间分别为 15、1 和 3 秒。
生物发光成像在威斯康星大学的小动物成像和放射治疗机构（威斯康星州麦迪逊市）完成。使用 Living Image 软件（版
本 4.7.4）进行成像分析。在每个成像中指示计算总光子通量（见图 3）所需的区域。
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4.  代表数据（续）

图 3. 腹腔注射和静脉注射 Nano-Glo® Fluorofurimazine In Vivo Substrate 和 Vivo-Glo® Luciferin, In Vivo Grade 的动
力学曲线。对于图 2 的实验，绘制指定的时间点每个队列的归一化总通量（光子 / 秒 /mm3）的平均值曲线。误差以平均
值的标准误差（SEM）表示。在图 2 中指示计算总光子通量所需的区域。

5.  附录

5.A  腹腔注射后自发光

与 furimazine 一样，fluorofurimazine 也会发生不依赖酶的氧化，同时在激发态发射，产生自发光。自发光信号的强度
是可变的（图 4），信号强度随注射后时间的变化而变化（图 4）。使用物理方法遮住注射部位（例如，用黑色非荧光
塑料布）或选择替代注射途径，以减少或消除干扰性自发光。
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4. Representative Data (continued)
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Figure 3. Kinetic curves for i.p. and i.v. injection of Nano-Glo® Fluorofurimazine In Vivo Substrate and Vivo-Glo® 
Luciferin, In Vivo Grade. For the experiment in Figure 2, the average value of the normalized total flux (photons/sec/mm3) 
for each cohort is plotted at the indicated time points. Error is represented as standard error of the mean (SEM). Regions 
of interest for the calculation of total photon flux are indicated in Figure 2.  

5. Appendix

5.A. Autoluminescence Following Intraperitoneal Injection

Like furimazine, fluorofurimazine will undergo enzyme-independent oxidation with concomitant emission from an excited 
state to produce autoluminescence. The intensity of the autoluminescence signal can be variable (Figure 4), and signal 
intensity will vary as a function of time post-injection (Figure 4). Physically block the injection site (e.g., with a black, 
nonfluorescent plastic sheet) or pick an alternative injection route to reduce or eliminate interfering autoluminescence. 
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图 4. 腹腔注射 Nano-Glo® Fluorofurimazine In Vivo Substrate 后自发光。未剔除被毛的雌性 BALB/c（n=5）腹
腔注射 0.44µmoles Nano-Glo® Fluorofurimazine In Vivo Substrate。注射后，使用 IVIS Spectrum In Vivo Imaging 
System（Perkin Elmer）检测发光信号 70 分钟，每 2.5 分钟检测一次。图 A. 注射后各时间点平均总光子通量曲线（光
子 / 秒）。误差以平均值的标准误差（SEM）表示。图 B. 腹腔注射后 20 分钟采用 20 秒曝光进行小鼠成像。色表范围
为 1.2×105–2.3×106 光子 / 秒 /cm2/ 球面度（sr）。指示每只小鼠计算总光子通量所需的区域。IVIS 设置：发射滤光器，
打开；视场角，22.4×22.4cm；f 光圈，1；分箱，M(8)；自动曝光时间为 3-60 秒。生物发光成像在威斯康星大学的小
动物成像和放射治疗机构（威斯康星州麦迪逊市）完成。使用 Living Image 软件（版本 4.7.4）进行成像分析。
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Figure 4. Autoluminescence following intraperitoneal injection of the Nano-Glo® Fluorofurimazine In Vivo Substrate. 
Unshaven female BALB/c mice (n = 5) received an intraperitoneal injection of 0.44µmoles of the Nano-Glo® Fluorofurimazine 
In Vivo Substrate. Following injection, luminescence was measured every 2.5 minutes for 70 minutes using an IVIS Spectrum 
In Vivo Imaging System (Perkin Elmer). Panel A. Average total photon flux (photons/second) plotted vs. time post-injection. 
Error is represented as standard error of the mean (SEM). Panel B. Mice were imaged 20 minutes post i.p. injection using a 
20-second exposure. The color table ranges are 1.2 × 105–2.3 × 106 photons/second/cm2/ steradian (sr). Regions of interest 
for the calculation of total photon flux are indicated for each mouse. IVIS settings: emission filter, open; FOV, 22.4 × 22.4cm;  
f stop, 1; binning, M(8); autoexposure times, 3–60 seconds. Bioluminescence imaging was done at the University of 
Wisconsin Small Animal Imaging and Radiotherapy Facility, Madison, WI. Images were analyzed using Living Image software 
(version 4.7.4).
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5.B  Fluorofurimazine 和 Furimazine 的发射光谱

NanoLuc® 介导的 fluorofurimazine 和 furimazine 转化产生相似的发射光谱（图 5）。两种底物都发蓝光，由于血红蛋
白的吸收和光散射，将在更深的组织深度发生信号衰减。

图 5. 体外归一化的 Fluorofurimazine 和 Furimazine 发射光谱。纯化后的 NanoLuc®-HaloTag® 融合蛋白用
TBS+0.01% BSA 稀释到最终浓度为 12nM。Fluorofurimazine 或 Furimazine 用 TBS+0.01% BSA 稀释到最终浓度为
40μM。等量的酶和底物在白色 96 孔板中混合，然后立即对发射波长进行扫描（Infinite® M1000 PRO 多功能酶标仪，
Tecan）。酶和底物的最终浓度分别为 6nM 和 20μM。Fluorofurimazine 的最大发射波长为 459nm。Furimazine 的最
大发射波长为 462nm。

5.C  常见问题

问题：我完成实验后，有剩余的复溶材料未用完。是否可以储存起来以后使用？

回答：我们建议每次体内成像实验时，复溶一瓶新的 Nano-Glo® Fluorofurimazine In Vivo Substrate 使用。如果您选
择将复溶后的材料储存起来，我们建议仅在 4℃下短期存放，在此条件下，fluorofurimazine 浓度在 8 小时内可下降
<5%。复溶的材料如果在较低温度下长期存放或经过冻融循环，我们不能保证您的体内成像应用具有可接受的性能。

问题：萤火虫萤光素酶和 NanoLuc® 萤光素酶能在体内进行多重检测吗？

回答：是的。必须确定每个实验系统的最佳给药方案。例如，连续几天分别进行各自的底物给药（1）。
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5.B. Emission Spectra of Fluorofurimazine and Furimazine

NanoLuc®-mediated turnover of fluorofurimazine and furimazine produce similar emission spectra (Figure 5). As both 
substrates are blue-light emitters, signal attenuation will occur at deeper tissue depths due to hemoglobin absorbance and 
light scattering. 
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Figure 5. Normalized emission spectra of fluorofurimazine and furimazine in vitro. Purified NanoLuc®-HaloTag® fusion 
protein was diluted in TBS + 0.01% BSA to a final concentration of 12nM. Fluorofurimazine or furimazine were diluted in 
TBS + 0.01% BSA to a final concentration of 40μM. Equal volumes of enzyme and substate were mixed in a white, 96-well 
plate and then immediately scanned over the emission wavelength (Infinite® M1000 PRO multimode reader, Tecan). Final 
concentrations of enzyme and substrate were 6nM and 20μM, respectively. The emission maximum for fluorofurimazine 
was 459nm. The emission maximum for furimazine was 462nm. 

5.C. Frequently Asked Questions

Question: I have leftover reconstituted material after completing my experiment. Can I store this material for subsequent 
use?

Answer: We recommend reconstituting a new vial of Nano-Glo® Fluorofurimazine In Vivo Substrate for each in vivo 
imaging experiment. If you do choose to store reconstituted material, we recommend only short-term storage at 4°C, 
where you can expect <5% decrease in fluorofurimazine concentration over 8 hours. We cannot guarantee acceptable 
performance for your in vivo imaging application if stored long term at colder temperatures or following freeze/thaw 
cycles.

Question: Can firefly and NanoLuc® luciferases be multiplexed in vivo?

Answer: Yes. The optimal dosing regimen must be determined for each experimental system. For example, dose 
respective substrates on consecutive days (1).  

波长（nm）
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问题：是否可以使用 Nano-Glo® Fluorofurimazine In Vivo Substrate 实现 NanoLuc®、NanoLuc® 融合蛋白或 NanoBiT® 萤
光素酶在更深的组织深度成像？

回答：是的。虽然血红蛋白吸收和光散射会导致信号衰减（第 5.B节），但NanoLuc® 萤光素酶可用于深部组织成像（2）。
可能需要注射更高剂量的 FFz。或者，可以使用基于 NanoLuc® 的构建体，依赖共振能量转移和红移发射（1,5）发出
发光信号。

6.  疑难解答

如果您遇到的问题在此没有列出，请联系普洛麦格（北京）生物技术有限公司或当地经销商。联系信息见：www.
promega.com 电子邮箱：chinatechserv@promega.com

问题 原因和参考建议

腹腔注射部位的自发光遮住了发光信号

• 尝试不同的注射途径（例如静脉注射）。
• 使用对侧腹腔注射。
• 减少底物注射量。
• 在成像过程中遮盖腹腔注射部位（例如，用一块黑色非荧光塑料布）。

信号微弱或无法检测。

组织深度和底物的可用性等因素将影响信号强度。如果使用腹腔注射，增加递
送的底物量至最大建议剂量 1.5µmoles。或者，换为静脉注射 ≥0.44µmoles 
fluorofurimazine。如果尝试检测深部组织的发光信号，则换用依赖共振能量转
移和红移发射、基于 NanoLuc® 的构建体，以缓解信号衰减（5）。
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8.  相关产品

产品 规格 目录号

VivoGloTM Luciferin, In Vivo Grade

50mg P1041

250mg P1042

1g P1043

(a)BY USE OF THIS PRODUCT, RESEARCHER AGREES TO BE BOUND BY THE TERMS OF THIS LIMITED USE LABEL LICENSE. If researcher is not 

willing to accept the terms of this label license, and the product is unused, Promega will accept return of the unused product and provide researcher with a full 

refund.

Researchers may use this product for research use only, limited to animal imaging experiments or experiments performed to prepare for such animal imaging 

experiments; no commercial use is allowed. “Commercial use” means any and all uses of this product by a party in exchange for consideration, including, 

but not limited to (1) use in further product manufacture; and (2) resale of the product, whether or not such product is resold for use in research. Researchers 

shall have no right to modify or otherwise create variations of the product. No other use or transfer of this product is authorized without the prior express written 

consent of Promega. Notwithstanding the foregoing, researcher may use this product in provision of services, information or data to third parties in exchange 

for consideration, provided that researcher does not transfer the product.

For uses of Nano-Glo®-branded reagents intended for energy transfer (such as bioluminescence resonance energy transfer) to acceptors other than 
a genetically encoded autofluorescent protein, researchers must:

(a) use NanoBRETTM-branded energy acceptors (e.g., BRET-optimized HaloTag® ligands) for all determinations of energy transfer activity by this product; or

(b) contact Promega to obtain a license for use of the product for energy transfer assays to energy acceptors not manufactured by Promega.

With respect to any uses outside this label license, including any diagnostic, therapeutic, prophylactic or commercial uses, please contact Promega for supply 

and licensing information. PROMEGA MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING 

FOR MERCHANT-ABILITY OR FITNESS FOR A PARTICULAR PURPOSE, WITH REGARD TO THE PRODUCT. The terms of this label license shall be 

governed under the laws of the State of Wisconsin, USA.

(b)U.S. Pat. No. 11,691,976 and other patents pending.

© 2023 Promega Corporation. All Rights Reserved.

HaloTag, Nano-Glo, NanoBiT and NanoLuc are registered trademarks of Promega Corporation. VivoGlo is a trademark of Promega Corporation.

Infinite is a registered trademark of Tecan Group Ltd.

Products may be covered by pending or issued patents or may have certain limitations. Please visit our Web site for more information.

All prices and specifications are subject to change without prior notice.

Product claims are subject to change. Please contact Promega Technical Services or access the Promega online catalog for the most up-to-date information on 

Promega products.


