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Fig.1 Fluorescence anisotropy detection method suitable for two-photon imaging system

The fluorescence reflected by a dichroic mirror is divided into two orthogonally polarized components that

are detected with corresponding photomultipliers. After switching the polarization direction of the

excitation beam to orthogonal direction, we can detect two other components in the same way. With

computing these four components, we will acquire the value of fluorescence anisotropy.
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Fig.2 Two photon fluorescence anisotropy imaging system
The method discussed in 1.1.1 section has been realized upon a two-photon imaging system. We exploited
half-wave plate to switch the polarization of exciting beam, and added a dichroic mirror to reflect fluorescence to
exterior channel where a polarization beam splitter will decompose fluorescence to two orthogonal components.

Then, these components are detected with two photomultipliers.
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Fig.3 The procedure of fluorescence anisotropy imaging
(a)~ (d) are two photon images corresponding to four polarization
components of fluorescence. Using the formula deduced in section 1.1.1,
we compute out the fluorescence anisotropy image as (e). Fluorescence
anisotropy can be easily acquired by comparing the color of images

with the chromatic bar.

1.2 IWHREREE

1.2.1 Pl b i 29 ik 48 % 1) e 1k B 18 4
HEEARAT4E (1 emx1 cm) 32 A% 100 mg/L 1y 21 %5
RFFRILAY, ARRAEE T AT RO 729k
5 & g, WOROGIE A 800 nm £L AR EE TR
BRSSO, I 460LP JEG .

1.2.2 FITC 45 FITC-CD44Ab ¥ 52 6 % In) S 1k i
HA% . 5B SR 7¢Ot # (fluorescein isothiocyanate,
FITC, Sigma 2\ ))& — B 0K Ot W W i {8 ol
488 nm K176, (HLL 800 nm H.Cag K ik v
WOEHOR B AT BRI RO TR . FITC & F oK
PR B R o F. AT 22 ) DMSO ¥, P26
TKFRFE S 40 mg/L. FITC Fric (K BT CD44 3t
4y T (FITC CD44 antibody, FITC-CD44Ab Bio
legend), AEWS5 MM I CD44 4> 1454, il
DL FH R 1F 4n Mo B 4% 5. PBS (B R 2% v i) %
FITC-CD44Ab BLiilpk 5 FITC HH R MR I, 4%
SHEAT 55 7] SR BE AR SR EUR 9 800 nm 41 AR
PR, Wit 460LP yEYE A HRI.

1.2.3  S[RIAEE/ANBERRAE F T 0 8 40 Ji 520 D't 75
) S PR A% . BN B K PG 4H BB (human
pulmonary giant cell carcinoma), ] 5¢4> RPMI1640
i IR W(Gibeo 2 w]) P HE 40 A 5 28 2x10%ml, A
96 LAN M EEFEML T, 100 wl/ L, A A9 B 1
ANBERE (Hp AR RE RS e BT W, SR 3
AKIEQR.5, 5, 10mg/L), [RINFBBIPEX IRZH, Tk
BT FR 120 G, "BAMAN T pl KE N
400 mg/L ) FITC-CD44Ab ¥ 4 40 M i, 6 &
%mmFﬁﬁ%ﬁﬁﬁfﬁﬁxﬁiﬁﬁ%%ﬁ
800 nm ZL /M PRBICHOL, it 460LP €56 F 4.

2 RKBERSHMH

2.1 ERLLIREPEVALER K K S E B &

Kl 4a AL 5 LR YR ROE T OR SUG KL K
4b A Py 2155 2 4 1R 35 1) S R B AR . AR BOR
e PO ARG, B 4b (X E AT ]
AR E. BRSO R A T, XS
PSR AT HARR R, AT A A o%
IO S D A ARl A EE 9671
PR g, (BRI [ 4b R &5
R TUIA LEBCR I 22 0. 274 BRIy 207y 1 5 v
WP YL o A SR N 2 AR R ol 2T 4R I
BEAEHT, 2R 4E Bmeioy iash 3 R i, sl
WL N BE, IIRATT 214 b5 8 1m) 1k



2005; 32 (2) EMUFESEYYNIEHE

Prog. Biochem. Biophys. . 165 -

R THh . SEMEE RS, R 96 7
PERERIAG LA, (HET4E B 92025 1 e L 2T 4 1
WA E VIR, MRS 4R 5 e %
i) S P PR AR T3 T K- Tl HE S R £ 4R

(2)
e

Fig.4 Two-photon fluorescence imaging and fluorescence

anisotropy imaging of fibers immerged in phenolphthalein
solution

(a) is a two-photon fluorescence image of fibers immerged in

phenolphthalein solution. (b) is a fluorescence anisotropy image of the

same sample.
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Fig.5 Fluorescence anisotropy imaging of FITC
and FITC-CD44Ab solution with the same
concentration
(a) and (b) are respectively two photon images of FITC,
FITC-CD44Ab solution. (c) and (d) are corresponding FA
images of FITC, FITC-CD44Ab solution.
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Fig.6 Fluorescence aniostropy imaging of tumor -cell
membranes stimulated by berberine in different
concentration
These tumor cells were treated by 2.5 mg/L, 5 mg/L, 10 mg/L
berberine respectively(b,c,d), (a) is the control sample for 24 h. Then
dye cell membrane with FITC-CD44Ab and perform fluorescence
anisotropy imaging. We found that anisotropy is regularly increasing

when concentration of berberine increases.
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Abstract
are tested. This system is based on a two-photon laser scanning fluorescence microscope. A polarization beam

A new method is developed for two-photon fluorescence anisotropy imaging. Its biological applications

splitter was inserted into the optical path to separated fluorescence into components of orthogonal polarization. By
rotating the polarization of the excitation beam by 90°, four images were collected for each sample. These images
were then processed pixel-by-pixel to generate a new fluorescence anisotropy image. The capability of this method
is tested for different samples, including FITC, FITC-CD44 in solution and FITC-CD44 attached to the membranes
of tumor cells. The results show that fluorescence images can distinguish fluorescence molecules of different
molecular mass, or detect changes in microenvironment.

Key words fluorescence anisotropy, two-photon scanning microscopy, fluidity of membrane, berberine, tumor

cell

*This work was supported by grants from The National Natural Science Foundation of China through the Outstanding Young Overseas Scientists
Program (19928408), Major Program (60138010) and Free Application Program (10274039).

**Corresponding author . Tel: 86-10-62783136-164, Fax: 86-10-62781598, E-mail: mahui@mail.tsinghua.edu.cn

Received: September 22,2004  Accepted: October 22, 2004



