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Red fluorescent proteins (RFPs) have become indispensable tools in molecular and cell
biology, facilitating a wide range of applications including live cell imaging, protein tracking,
and gene expression analysis. However, the increasing availability of RFP variants poses a
challenge in selecting the most suitable probe for specific experimental requirements. In this
study, we conducted a comprehensive comparative analysis of eight commonly used RFPs:
mCherry, mCherry2, mCarmine, mKate2, TagRFP, mScarlet, mScarlet-l, and mScarlet-H, with a
focus on their fluorescence lifetime properties.

We employed time-correlated single photon counting (TCSPC) and fluorescence lifetime
imaging microscopy (FLIM) techniques to characterize the fluorescence lifetimes of these
RFPs. Our results revealed significant variations in fluorescence lifetimes among the tested
RFPs. mCherry exhibited the shortest fluorescence lifetime, followed by mCherry2 and
mCarmine. In contrast, mKate2, TagRFP, mScarlet, mScarlet-l, and mScarlet-H displayed
longer fluorescence lifetimes, with mScarlet-H demonstrating the longest lifetime among the
tested variants.

Furthermore, we investigated the potential of fluorescence lifetime imaging (FLIM) as a tool
to distinguish between these RFPs in live cell imaging experiments. By analyzing the
fluorescence decay curves and calculating the average fluorescence lifetimes for each RFP, we
observed distinct lifetime signatures that enable discrimination between the RFP variants.
Additionally, we evaluated the photostability and brightness of these RFPs under similar
experimental conditions, providing comprehensive insights into their performance
characteristics.

Our findings highlight the importance of considering fluorescence lifetime properties when
selecting RFPs for specific imaging applications. The ability to distinguish between RFP
variants based on their fluorescence lifetimes expands the toolkit for multicolor imaging and
facilitates the development of advanced imaging techniques such as fluorescence lifetime
imaging microscopy (FLIM) and Forster resonance energy transfer (FRET) assays. Moreover,
the availability of RFPs with diverse fluorescence lifetime characteristics enhances the
versatility and applicability of fluorescence-based imaging approaches in biological research.
In conclusion, this comparative analysis provides valuable insights into the fluorescence
lifetime properties of commonly used RFPs, paving the way for informed selection of RFP
probes tailored to the requirements of specific imaging experiments.

Subsequently, we extended our investigation to compare the performance of tagRFP against
a novel StayGold fluorescent protein (FP), despite its established suitability for super
resolution spinning disc laser scanning microscopy. Our comparative analysis revealed the
superiority of StayGold over tagRFP in several key aspects.

Firstly, StayGold exhibited enhanced photostability compared to tagRFP, enabling prolonged
imaging sessions with minimal photobleaching effects. This attribute is particularly
advantageous for long-term live cell imaging studies where maintaining fluorescence signal
intensity over extended periods is critical.
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Secondly, StayGold demonstrated superior brightness and signal-to-noise ratio (SNR) when
visualized under super resolution spinning disc laser scanning microscopy. The improved
brightness of StayGold allowed for enhanced image clarity and resolution, enabling the
detection of finer cellular structures and dynamics with greater precision.

Furthermore, StayGold exhibited favorable fluorescence lifetime properties, with a distinct
fluorescence decay profile that distinguishes it from tagRFP. This unique characteristic not
only facilitates multiplexing experiments but also provides additional flexibility in
fluorescence imaging applications.

Moreover, we explored the functional capabilities of tagRFP and StayGold by tagging them to
different actin markers. TagRFP was attached to Lifeact as an actin marker, while StayGold
was either tagged to F-tractin or utrophin as an actin skeleton marker. Our results
demonstrated the suitability of StayGold for visualizing actin structures with high specificity
and resolution, surpassing the performance of tagRFP in this context.

In conclusion, while red fluorescent proteins (RFPs) are traditionally favored for imaging
deeper tissue layers due to their longer wavelength, our study suggests that StayGold may
emerge as the superior alternative, particularly for long-term live cell or organoid imaging
using super resolution spinning disc laser scanning microscopy (LSM).

Despite the conventional advantage of RFPs in imaging deeper tissues, StayGold offers
distinct advantages that make it a compelling choice for specific applications. Its enhanced
photostability, superior brightness, and favorable fluorescence lifetime properties, as
demonstrated in our comparative analysis, position StayGold as an ideal candidate for long-
term imaging studies where sustained signal intensity and minimal photobleaching are critical
factors.

Moreover, StayGold's ability to achieve high-resolution imaging of cellular structures, such as
the actin cytoskeleton, coupled with its suitability for super resolution spinning disc LSM,
further enhances its utility in dynamic imaging scenarios. The precise and specific labeling
provided by StayGold, particularly when tagged to actin markers like F-tractin or utrophin,
underscores its potential for visualizing intricate cellular processes with exceptional clarity
and resolution.

While RFPs remain valuable tools for certain imaging applications, our findings suggest that
StayGold may offer unique advantages in the context of long-term live cell or organoid
imaging, especially when coupled with advanced microscopy techniques such as super
resolution spinning disc LSM. Continued exploration and optimization of StayGold FP hold
promise for further advancements in fluorescence microscopy and biomedical imaging,
providing researchers with enhanced capabilities for studying complex biological systems
with unprecedented detail and precision.
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Determined fluorescence lifetime of the different fluorophore variants in HeLa cells. The FLT
‘was measured with TCSPC FLIM. The FLT of live cells (Live), fixed cells embedded in TBS
(TBS) and fixed cells embedded in Mowiol (Mowiol) was determined.
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