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Abstract.  By using optical means, we can actively control the fluorescence emission properties 

of photo-activatable fluorophores. One can modulate the fluorescence emission profile of 

individual fluorophores in time such that only an optically resolvable subset of fluorophores are 

activated at any moment, allowing their localization with high accuracy. It has been well known 

that photo-activatable fluorophores are the major obstacle in the wide-field sub-diffraction 

imaging technique. This research project is therefore aimed to yield a refined understanding of 

the photo-switching mechanisms, including the identification of all states and intermediates 

involved, and to help the development of new improved molecular photo-switches. Important 

issues on subcellular organelles, such as the interaction between cell-penetrating peptides and a 

cell membrane, structures and diffusion process of lipid rafts in a cell membrane, will be 

investigated to verify the functionality of the frontier sub-diffraction imaging and localization 

tool established. 

 

Keywords  fluorescent chromophore, photoactivation, subdiffraction imaging, cell penetration 

peptide, lipid raft 
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I.  

 

gap junction (GJ)

GJ Connexon

(see doi:10.1186/1471-2121-11-15)

 

Fig. 1: Schematic showing the structure of gap junction 

forming at the contact areas of cells. 

 

(cell-penetrating peptides, 

CPP) (lipid bilayer) (lipid raft)

 

 

II.  

(1)  

KFP1

KFP1  (see: 

doi:10.1038/nrm1741)  

KFP1 (a)

(trans configuration)

cis KFP1

KFP1

trans

(b)

gap junction

 

 

Fig. 2. (a)Photo switching process of KFP1 fluorescent protein, 

and (b) the schematic illustrating the idea of using the 

photoswitchable KFP1 for molecular biology research. 
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KFP1 agar gel KFP1

(acoustic optical modulator AOM)

KFP1

S1

EMCCD 2.5ms

agar gel KFP1

point 

spread function 200nm  

Fig. 3: Experimental setup used in this project to acquire 

the photo physical data of KFP1. 

 

(a) AOM (b)

1�s 1.1�s 2�s 6�s (c)

10�s 10.1�s 11�s 15�s  

   

Fig. 4: (a) Excitation pattern, (b) and (c) the red fluorescent intensity of KFP1 excited by green light (@532nm) with 

a variety of excitation patterns. 

1�s duty cycle 50% 14%( (b))

S1 1-�s duty cycle14%

180ms KFP1 dark state

10�s duty cycle 50% 40%( (c))

S1 10-�s duty cycle40%

100ms KFP1

KFP1

 

 

Fig. 5: Time trace of the red fluorescent intensity from single KFP1 molecule excited by green light (@532nm). 
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coupled master equations (a)

(b) KFP1 (p=1)

(dark state, p=0) quenched trap state KFP1

 

      
Fig. 6: (a) Flow chart of the mathematical modeling and (b) the retrieved probability density function from the single 

molecular experimental result presented in Fig. 5. 
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(cell-penetrating peptides, CPP)
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CPP CPP
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GTPase PKC  

 

Fig. 7: Experimental setup to be used in this project for probing the interaction process of CPP with a living cell. 

(widefield optical microscope) (Dynamic Cell Culture 

Platform)

 

1. : (a) CPP

nystatin (b) F-actin

cytochalasin-D F-actin  

2. (Labeling the lipid raft): (a) Molecular Probes

 Vybrant Lipid Raft Labeling Kits Lipid Raft Labeling 

Kits ganglioside GMI  Alexa dye-conjugate of cholera 

toxin subunit B (CT-B)  

3. CPPs  (ANASPEC Inc.: 886-2-89720201, Kelowna@ms29.hinet.net)  

4. Cav-1 Knock Down: cav-1 cav-1

siRNA cav-1  

5. : He-La Cell, CHO-K1 from Neuromics  

 

(3)  

[a]    

light throughput

Alivisatos (www.pnas.org_cgi_doi_10.1073_pnas.0907367106)

caspase-3

 



 7 

metamaterials

 

Chien Y. Lin, Yun H. Wang, Jung Y. Huang, Yongjun Liu and Yiping Zhao: “Impact of electric quadrupolar coupling 

on the optical response of an array of nano-objects” --- J. Phys.: Condens. Matter 22 (2010) 225301 (6pp). 

 

[b] (Liquid Crystal Nanoscience)   

book chapter

 

Jung Y. Huang (2010), Seasoning ferroelectric liquid crystal with colloidal nanoparticles for enhancing application 

flavors, to be published in the book of "Nanocrystals", 978-953-7619-X-X (SCIYO.COM, http://sciyo.com/). 


