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Table 1 Symbols and their interpretation
symbols meaning
E FRET efficiency
li-a The fluorescence from a donor —only specimen with acceptor is absent
L. -4 The fluorescence from a acceptor —only specimen with acceptor is absent
lisa Refers to only the donor fluorescence when both donor and acceptor are present
Lo +a Refers to only the acceptor fluorescence when both donor and acceptor are present
CHI Refers to the measuring channel by which the donor fluorescence was supposed to be mea-
sured ,its passing band locates mainly in the emission spectra range of donor
CH2 Refers to the measuring channel by which the acceptor fluorescence was supposed to be
measured ,its passing band locates mainly in the emission spectra range of acceptor
lud +a The actual measured signal from channel 1(CH1) when both acceptor and donor are present
L +a The actual measured signal from channel 2(CH2) when both acceptor and donor are present
SP,(A) The donor emission spectra
SP,(X) The acceptor emission spectra
SP(X) The emission spectra of the specimen where both donor and acceptor are present
The ratio of the proportion of donor fluorescence in CH1 relative to donor fluorescence in
K, v
" the whole spectra range. Kai= LHISPd @ )d)t/ Ii SP, (A )dA
The ratio of the proportion of donor fluorescence in CH2 relative to donor fluorescence in
Kz the whole spectra range. Ka2= LH2SP4 @ )d/\/ I ' wSPd (X )d A
The ratio of the proportion of acceptor fluorescence in CH1 relative to acceptor fluorescence
Ko in the whole spectra range. Ka.i= ICHISP,L @ )d/\/ Ij SP, (X )dA
The ratio of the proportion of acceptor fluorescence in CH2 relative to acceptor fluorescence
Ko in the whole spectra range. K.2= J'CHZSPQ @ )d}{/ I TSP, (A
@4 The quantum energy yield of acceptor when donor is absent
@p The quantum energy yield of donor when acceptor is absent
Ratio  The ratio of signal from CH2 to signal from CH1
1.2 Cyan Yellow
FRET " ( 1 61
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Fig.1 Absorption spectrum (solid line) and

emission spectrum (dot line) of Cameleon.

(a) Acceptor (Yellow mutant) , (b) Donor

(Cyan mutant) (Tsien, 1998)
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Fig.2 Emission spectra of the intact YC2.1
(excited at 432 nm) with 100 mmol/ L EGTA
(solid line) and 100 mmol/L CaCL (dotted line) at
pH 7.3. Nominal bandpasses for ECFP (480DF30)
and EYFP - V68LyQ69K  (535DF25) emission fil-
ters are indicated by boxes (Miyawaki et al., 1999)
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Table 2 The intact YC2.1 results of C,E and r at zero Ca’* and saturating Ca’* respectively
Zero Ca** Saturating Ca’*
H1 H2 °
¢ ¢ Raio ¢ E(%) _x(A) _ Raio ¢ E(%) _r(A)
476/40  535/60 2.54 0.75 29.74 57.70 4.80 1.83 50.77 49.74
476/40  535/30 1.59 0.75 29.81 57.67 3.19 1.81 50.47 49.84
480/50  535/30 1.25 0.76 29.95 57.60 2.50 1.83 50.77 49.75
480/20  530/20 1.19 0.74 29.32 57.90 3.84 1.77 49.86 50.05
476/6 529/8 2.60 0.73 30.34 57.43 5.26 1.75 49.58 50.14
480/30  535/40 2.24 0.74 29.55 57.79 4.40 1.79 50.30 49.90
average / 0.75 29.79 57.68 / 1.80 50.29 49.90
SD / 0.01 0.01 0.12 / 0.03 0.0042 0.02
Table 3 Results of split cameleon (Yellow YC2.1) at different concentration of CaM
add Otmol/L CaM add 1¢mol/L CaM
H1 H2
¢ ¢ Raio ¢ E(%) _t(A) _ Ratio ¢ E(%) _r(R)
476/40  535/60 3.07 1.02 36.05 54.82 1.67 0.34 16.07 65.86
476/40  535/30 1.97 1.05 37.13 54.59 0.98 0.37 17.12 65.03
480/50  535/30 1.54 1.06 37.29 54.45 0.78 0.37 17.18 64.98
480/20  530/20 2.40 1.00 36.05 54.01 1.19 0.34 16.19 65.76
476/6 529/8 3.30 1.01 36.15 54.97 1.58 0.34 16.10 65.83
480/30  535/40 2.79 1.03 36.69 54.70 1.42 0.35 16.44 65.57
average / 1.03 36.65 54.78 / 0.35 16.52 65.50
SD / 0.02 0.01 0.17 / 0.01 0.01 0.34
T T T T L] CaM
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Fig.3 Emission spectra of split YC2.1 (1¢mol/L) 2.60 C
(excited at 432 nm) with 1gmol/ L CaCl, when 5% C CH1
preincubated with 0, 1#mol/ L CaM . Also shown CH?2 _
is the schematic structure of split YC2.1, the e- FRET
quimolar mixture of ECFP - CaM and M13 -
FRET

EYFP -V68LyQ69K . (Miyawaki et al., 1999)
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REAL - TIME QUANTITATIVE FLUORESCENCE RESONANCE ENERGY
TRANSFER MEASUREMENTS USING FLUORESCENCE MICROSCOPY

CHEN Tong —sheng, ZENG Shao —qun, LUO Qing -ming, ZHANG Zhi-hong, ZHOU Wei
The Key Laboratory of Biomedical Photonics of Ministry of Education of China,
Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: Fluorescence resonance energy transfer (FRET) is widely used in studies of
biomolecular structure and dynamics. By combining fluorescence microscopy with FRET it is possible
to obtain quantitative temporal and spatial information about the binding and interaction of protein,
lipids, enzymes, DNA, and RNA in vivo. With the recent development of a variety of mutant
green fluorescent proteins (GFPs), FRET microscopy provides the potential to measure the dynamic
interaction of intracellular molecular species in intact living cells where the donor and acceptor flu-
orophores are actually part of the molecules themselves. However, present intensity — based FRET
quantitative measurements suffer from cross talk of the donor and acceptor emission spectra, which
cannot be corrected in a real time. We present a simple method to correct this cross talk in a real
time. The data were obtained with only one standard filter set in a fluorescence microscopy. Four
coefficients were introduced to eliminate the cross talk, which are constants over various FRET
strengths and can be calculated ahead of the experiments based on the emission spectra of the donor
and acceptor, and the spectra features of the detection channels. Our quantitative FRET measure-
ments approach has the potential to track dynamic interactions in biological system .

Key Words: Resonance energy transfer efficiency

Quantitative FRET efficiency measurement; Green fluorescent proteins;

Real time imaging; Cross talk



