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Functional Raft Domains Formed on Demand as a Platform for
Digital Signal Transduction
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In recent years, “raft hypothesis”, in which hypothetical membrane domains, called lipid raft domains, might act as
platforms where signaling molecules are assembled for their interactions and functions in/on the plasma membrane.
Using single-molecule tracking, we have found such domains are only formed on-demand upon stimulation-induced
clustering of receptors that can be associated with raft domains. Furthermore, signaling molecules are recruited to
such induced rafts transiently (of the order of 0.1 s). Therefore, in this review, we propose that raft-related bulk
intracellular signals that tend to last over 1000 s might be pulse coded or frequency modulated by the pulse-like digi-
tal activation of individual molecules, and that the intensity of the bulk signal might mainly be determined by the
number of pulses at a given time. Such on-demand rafts are considered to be involved in bovine spongiform
encephalopathy development, HIV infection, and Alzheimer disease pathogenesis, and this finding sheds new light

on these processes.
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Fig. 1 Schematic drawing of a GPI-anchored protein,
which is located in the extracellular leaflet of the
plasma membrane.
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Fig. 2  Schematic figure showing the hypothetical structure
and molecular composition of a raft domain, where
GPI-anchored proteins, glycosphingolipids, choles-
terol, and cytoplasmic lipid-anchored signaling mol-
ecules are concentrated.
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Fig. 3 Probes used in this work. Non-stimulated CD59
was observed using 40-nm ¢ -gold particles conjugat-
ed with small numbers of anti-CD59 Fab fragments
(Fab—Gold; left), which hardly induced CD59
crosslinking. To observe CD59 engaged in signal-
ing, CD59 was first tagged with an Fab-Gold parti-
cle, and then the ligand (C8) was added (middle), or
CD59 was crosslinked by 40-nm ¢ -gold particles
conjugated with anti-CD59 whole IgG (IgG-Gold;
right). Clustering of CD59 induces the assembly of
glycosphingolipids and cholesterol, i.e., a raft-like
structure within the CD59 cluster, termed
CD59—cluster raft.
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Fig. 4 CD59-cluster rafts undergo alternating periods of
STALL and apparently—simple diffusion. (Top trajec-
tory) A typical trajectory of a single CD59—cluster
raft recorded at video rate. CD59—clusters exhibit
alternating periods of apparently simple-Brownian
diffusion (black trajectories) and STALL (magenta
trajectories in the circular blue areas). (Bottom tra-
jectory) A representative trajectory of a Fab—Gold
attached to a CD59 molecule recorded at video rate,
shown for comparison with the upper trajectory of
IgG-Gold.
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Fig. 5 Single-molecule detection of the transient recruitment of Lyn-GFP to CD59—cluster rafts. Right. Image

sequences showing superimposed video frames of simultaneous recordings of a CD59—cluster raft (green spot)

and single molecules of Lyn—-GFP (red spot). A single Lyn-GFP molecule was colocalized from frame 7 until 12
(pink frame numbers). Left. A typical trajectory of a CD59—cluster raft (black), including STALL periods (the
green parts of the trajectories) and a period (the purple part of the trajectories) in which it was colocalized with
Lyn—-GFP (blue part in the otherwise red trajectory; it overlaps with a STALL site, but at different times).
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Fig. 6 A working model showing how STALL of CD59 clus-
ters may be induced and how it may function as a
transient platform for transducing the extracellular
CD59 signal to the intracellular IPs—Ca2* signal.

(1)  When CD59 is liganded, it forms clusters, which in
turn concentrate cholesterol and glycosphingolipids,
forming CD59—cluster rafts.

(2)  These CD59—clusters undergo slow, apparently—sim-
ple Brownian diffusion (2a), while frequently and
transiently recruiting Lyn, for = 0.20 s (median, 2b)

(3) Lyn recruitment may be mediated by raft-based
interactions as well as by protein—protein interac-
tions with an as-yet unknown transmembrane pro-
tein X that has certain levels of affinity to the protein
moiety of Lyn (and perhaps to Gai2) and to that of
CD59 (avidity to CD59—clusters) as well as an affini-
ty for the raft nanodomains.

(4)  Gai2 molecules are transiently recruited to
CD59—cluster rafts, for = 0.13 s (median). When the
Gai2 molecule meets with Lyn molecules that are
also recruited at the same CD59-cluster raft, they
form a complex at the CD59—cluster rafts, leading to
Lyn activation. Both Gai2 and Lyn soon leave the
CD59—cluster rafts.

(5)  Lyn activation concurrently induces both STALL of
the CD59-cluster rafts and transient PLCy 2 recruit-
ment at the CD59—cluster raft (= 0.25 s, median).

(6)  PLCy2would produce 20 ~ 50 IP3 molecules.

(7)  The increase in the IP3 concentration will lead to the
release of Ca2* from the intracellular pool (ER).
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Fig. 7 Prolonged bulk signal (top panel) may be produced

by the addition of extremely—short, pulse-like
recruitment of single molecules. Model A, called the
“complex integration model”, describes the case
where each individual signaling event lasts for a
length comparable to that for the bulk signaling,
which would necessitate a complicated integration
of these signals to realize the desired level of the
bulk signal. Model B, called the “simple summation
model” or “digital signal model”, describes the case
where each single-molecule event occurs like a digi-
tal pulse, as compared with the duration of the bulk
signal, which then can simply be added up to gener-
ate the desired bulk signal, without the need for
complicated integration. Model C. Fuzzy digital sig-
naling might be a possibility.
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