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Optogenetic 
reporters for 
cell biology and 
neuroscience

Dimerization-
dependent 
fluorescent proteins 
(ddFPs) biosensors

Engineering new 
fluorescent proteins

Expanding the 
toolbox of spectrally 
orthogonal 
optogenetic actuators 
and reporters
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mMaple：
66残基的N端蛋白片段
+166个残基的C端片段
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(SR)类固醇
受体  结构域

 (Hsp90) 热
休克蛋白 90
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这种构象变化更有助于部分填
充小肽片段解离产生的疏水空
隙，从而来稳定空桶结构。

平均均方根
偏差 (RMSD)
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 201-207 loop经
历了依赖于解离的
构象变化，而不是
由于它自身的柔性
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75kD  45kD  30kD

 15 s illumination with 405 nm light (LED 
array, 3.46 mW mm-2)， after 5min

麦芽糖结合
蛋白 (MBP) 

生物发光
筛选

NanoLuc生物发
光荧光素酶

201-207 
loop 附
近突变

 after 30min

60%降低

 2×15 s ，immediately

凝胶过滤
色谱

低表达 
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1)减少空间位阻/增加解离肽附近桶的构象灵活性
——降低肽解离的能垒，更快的解离动力学
2)使完整的Phocl稳定性降低/增加空桶稳定性
——更有效的光解离

 405 nm 处的消光系数提高——更有效的吸收
405 nm 光和更高效的光转换

PhoCl2f

PhoCl2c
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NES: 核外运信号
是蛋白上一段包含着4个疏水基团的
氨基酸序列，负责蛋白穿过核孔从
细胞核运送到细胞质的过程。

Fig. 4 Optogenetic manipulation of protein translocation in HeLa cells. (A) Schematic of the NES-PhoCl-mCherry photocleavage. (B) Representative images of 
HeLa cells expressing NES-PhoCl-mCherry before and after (15 min) photoconversion. Conversion was performed with 10 s violet light pulses (395/40 nm, 2 
mW mm−2) every 15 s for 6 min. Inset is the same image with 10× increased contrast. Scale bar, 10 μm. (C) Red fluorescence intensity ratios of cytoplasm to 
nucleus at 15 min after photoconversion. Ratios were calculated for single cells. Values are means ± SEM (n = 27 cells of PhoCl1, and n = 30 cells of 
PhoCl2c). ****P < 0.0001 by unpaired two-tailed t test (t (55) = 6.606). (D) Red fluorescence intensity localization ratios of cytoplasm to nucleus versus time. 
Values are means ± SEM (n = 27 cells of PhoCl1 and PhoCl1.5f-L, and n = 30 cells of the other variants). 

低表达 
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NES: 核外运信号
是蛋白上一段包含着4个疏水基团的
氨基酸序列，负责蛋白穿过核孔从
细胞核运送到细胞质的过程。
NLS：核定位信号
是蛋白质上的一个结构域，负责将
大分子蛋白运进细胞核。

NES-DEVD-mCardinal-NLS 

DEAD 细胞活力测定
染料： ethidium 
homodimer-1

Z-VAD-FMK:
 caspase 抑制剂

10 s violet light pulses (395/40 nm, 2 
mW mm-2) every 15 s for 6 min

405 nm LED flood array 
with 15 s illumination, for 

30 min at room temperature

PhoCl green (490/15 nm ex; 525/50 
nm em), 
mCherry and DEAD stain (543/10 
nm ex,   620/60 nm em)
mCardinal (605/50 nm ex; 670/50 
nm em). 

Bid ：促凋亡蛋白
功能：在细胞凋亡过程中会被 
caspase-8 水解酶切割，产物Bid C
端结构域易位到线粒体，会增加线
粒体膜通透性、释放细胞色素 c ，
细胞色素 c 会激活下游caspase-3 
蛋白酶解引起细胞凋亡。

 caspase-8 酶切位点 (LQTDG) 
caspase-3识别序列 
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