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Imaging of Fas-FasL membrane microdomains during
apoptosis in a reconstituted cell-cell junction
(Fas-FasLMIREIE <A Z70F XL DA A=V )
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The Fas death receptor interacts with its ligand FasL and induces apoptosis. The Fas-FasL interaction
occurs at the cell-cell interface in vivo, since both proteins are expressed in cell membranes. However,
most studies on the Fas signal pathway have been performed in a nonphysiological manner by using
antibodies or crosslinked soluble FasL (intracellular-truncated FasL) to stimulate Fas. The Fas-FasL
interaction at the cell-cell contact site has only been studied recently, but the information derived from
cell-cell interaction studies is still rather limited and not necessarily consistent with the past results. As
cell-cell contact interface is perpendicular to focal plane of microscope, structure details of the molecular
organization cannot be achieved. In this study, we develop a novel reconstituted system that mimics the
Fas-FasL interaction at cell-cell contact sites for further examination of the physiological Fas-FasL
signaling system.

In chapter 1, an overview of apoptosis has been introduced, including its characterization, function and
measurements. Then the preliminary mechanisms of Fas receptor-mediated apoptosis have been described.
The structure of Fas and FasL as well as two downstream signaling pathways were presented. As the main
signaling unit, Fas enriched signaling clusters has been explained in details. Previous models for Fas-FasL
interaction, Fas-FADD binding, and Fas clustering have been illustrated. Finally, the challenges for
studying membrane Fas in living cells highlighted significance and innovation of our study.

In chapter 2, a novel reconstituted system that mimics the transmembrane FasL. has been developed.
By conjugating FasL extracellular domains to planar lipid bilayer through fluorescently labeled
streptavidin, we created a FasL-bound membrane on which FasL proteins diffuse freely. Thus,
Fas-expressing cells can be stimulated by FasL-bound membrane instead of FasL-expressing cell. In our
system, expression of exogenous fluorescent Fas protein is not required, since we can image the Fas-FasL
interaction at the cell-membrane junction through the fluorescence of labeled streptavidin. In this chapter,
we optimized the preparation of lipid bilayer and monoliotinylation of FasL proteins, and ensured the
uniform distribution of FasL on lipid bilayer.

In chapter 3, by using total internal reflection fluorescence (TIRF) microscopy, we observed that
submicron-size Fas-FasL. membrane microdomains emerged after the Fas-expressing cells were incubated
with FasL-bound membrane. Cells no matter adhesion cell line or suspension cell line exhibit similar
membrane microdomains when incubated with FasL-bound membrane. Furthermore, antibody-bond
membrane can also stimulate Fas to form Fas-antibody membrane microdomains. This result demonstrates

formation of Fas membrane microdomains is a common phenomenon during Fas activation. By culturing
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the cells expressed Fas-GFP with FasL-bound membrane or antibody-bound membrane, we found that
cells formed microdomains more frequently than cell with endogenous Fas protein alone. It suggests a
specific threshold of Fas concentration may be required to induce Fas-FasL interaction and microdomains
formation at the cell-cell interface.

In chapter 4, we observed dynamic binding of annexin V to the cells with microdomains by using
time-lapse microscopy. This result demonstrates that the FasL-bound membrane can induces apoptosis and
the progress can be monitored in real time by using our system. In addition, our system is proved to be
useful to study series of apoptotic process from early stage to the end. The morphology of Fas-FasL
microdomain was unchanged for hours, and no significant internalization of Fas proteins was observed.
This result is consistent with the previous observation regarding cell-cell contact, where Fas-FasL clusters
are stable for hours without any detectable Fas internalization.

In summary, we have successfully developed a novel reconstituted system to study the membrane
Fas-FasL interaction at near physiological conditions. We found that Fas-FasL microdomains formation is
primarily dependent upon Fas receptor clustering, and provided a direct evidence on the relation between

membrane microdomains and apoptosis in living cells.
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Imaging of Fas-FasL membrane microdomains during
apoptosis in a reconstituted cell-cell junction
(Fas-FasLHIfaE <A ZaR AL 2 DA A=V V)
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EEE, Fas & Fas YV K (FasL) ORBICEB TR~ AFBU STk, HIRELD<A
I RAL VOEENEETHS Z EBTRENT VWD, FEMBRTICBWT, BHRRIIHARELT
B Z > T35 Fas - FasL A& GHREBRBRDOEE % in vitro CERETE DA AV VIV AT LAERR
L. #20O~A 78 RASL VEREBRBEHGMIILE,

BEE THIRRIZEIT D Fas OEMELIZDOWTIL, Fas R0HE. BEREASTAMALZEIY BV -kEtE
FasL, FasL M&7-AE<E L ® Fas EOBMEERZRARBZLICEVALNICENTE TS,
EBROMABK LTI 5 Fas OTEIE{LEBEEHE L TR LY. T 5D FEOETICIIBAR D -,
E7-. MIREE LIZHT 5 Fas - FasL EAAFABRIZOVN TS, #EIRTWAHIIEH 2 3 EBREN
B, BRIZ~A 78 FAL VORREBEZ2HEMIAR SN EZHEITR, BEKIIARMRIICE
WT, MR AE L FEEE _—ERME L., [ELIZ FasL OMIEA FAA V2R LT RTED
MEMLTIERICEETAIE T, FEEK _EE LB T FasL RERICEBIEENRD L 52 L, M
FAME E{Z FasL 23H 2 REZFE ELICHR L, TOTREIFE _EBIC Fas ZBEMERE2HRMNT5Z &
T, MM TO Fas - FasL A BHRBRDOEE 4 FH L CEBET I TEDIA ATV T VRT L%
HMEL, 2ORELETo, KIC, BE LV RATALERARNAEMESL EHEDES Z LT,
T HERECHEBBREIZ Fas - FasLESBEREBE L, TOHER, Fas - FasLEAEERICBVT
X, 7L 7uarH A XD, 70 FAL UREFICERRTERENDZE, s v A
A CERITHIBTO Fas ORBBICKTFT AL EZHALNE LE ELIZEET R P~ A#BHE & Fas
- FasL BEABHR L DBBRERS. KA A=V 7V RF AIIBWT, Fas - FasL @& EERESTH
N, FRCBELETR b= ZA0OFHEBITON TWAZ EZHALMNILE, ARXTHEEINTE
VAT AL, BEY TAE A DMERHTF A S = X DOEMILHEN %8 U T Fas - FasL A5
TRM—VRAOBEAOBBANTE D Z LRREINT,

INEETSHIC, FILFas - FasLBEEGEAHBHRBROA A -V FV AT AR L, BREEIC
Fas - FasL BAGHARBREZEEL, w170 FAAS VERIZSOWTHHNRZ2E-bOTHY, 7K
b= RFEMIZB T B Fas - FasLEEGHHRORENZOVWTORAICEMT DL ZAKRRD2b00H
60
Lo TEHIT, EEXREELT (EARE) ORMEBESNIEERHH LD LBED B,
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