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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



L ATZ &A% E &
EoFREARNEEAE S FANMEOETRTE - ZEAALBRELEN TR R

BREBESTFHEREHE > LEKEAMN s RILLLERRMORAEE S FAMMIBEHEER
FH LA o

AFLBRAABZBERBHTAHTRARRGEIERE > Bt R EBnM R AHR ) 28
KA B FAL > B0 &R B TR R A T E A R AR 2R - &
HREICBAREZE o -FRMINT A @B L
MPZRREARBZRY LB — B %
feL 44 gap junction (GJ) & 1) > ## 50 B £ A A 7E/L &
A B €3 3R, G R A sk Connexon $) & & 44 2 1%
#(see doi:10.1186/1471-2121-11-15) -

Closed Open

Fig. 1: Schematic showing the structure of gap junction
forming at the contact areas of cells.
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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.
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Fig. 5: Time trace of the red fluorescent intensity from single KFP1 molecule excited by green light (@532nm).

4



BiE—F oM &R B ARE — CEEADNURLZI AR FHEHRD (DOL:
10.1103/PhysRevLett.98.250601) > #& i & 14 2L 3t # & 4} 38 & & #* 3¢ Z coupled master equations

1 q;.
arSO,i (1) =—(ky, +T_)S0,i + (ko + = )Sl,i +k T,

i.s i+1,8
1-¢g._ 1 "
atSI,i (I) = (km +&)SOJ _(klo +ki.w: +_)Sl,i +qlJT1 ’
Tios Tis TivLr

1- 9i1s

0T () =L 5, vk, + )8, — (ky +—T

Ti+l,S 1‘1‘*1,5 Ti,T

b XX & KFP1 4+ Z singlet states (So #= Sy) Ztriplet state (T) 5 7,_, , #KFP154F f£ X-sate
B R AR E, AT E R 5 g, =1/[1+e V] AKFPIy T Bk — AL B AR 2 K% % 0 E,
Bremn T L2k B8 HTHRESILE s KFPIpTFRBERE E, 2R%K%5
o /B x / Etrap,X o
R 4% £ idicoupled master equations #2 ¥ 5 F 2 & B 4 B REERLA] - RATE R ko Bl X () AT R
ZEMEHIRAR > FHE RO T T & KFPIR AR a s T AR EP=DR LR
& AT & % A& (dark state, p=0) f] J& 77 4 —quenched trap state > b — 453 7~ {2 $tKFP1 % % & & &
FTRWEZIERBAY S > CHES TFHERTRBE - AT & - B— S HIBREASH
LA EAERAE A E KRB

Solve coupled master
equations 3

Quenched trap
being developed

Retrieving quenched
trap parameters from L

on and off histogram
fitting of single
molecule data 1

Probability density olle 1 v 1 v 11y
function about the 0 0.2 04 0.6 08 1
fraction of time in _

singlet state p

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