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The function of aqueous hyaluronan (HA) solution is investigated focusing on the transport phenomena
occurring inside the media which is a model matrix involved in extracellular matrices (ECM). With measurements
of diffusion coefficient using three kinds of spectroscopy, the distance dependence of the diffusion coefficient (DDDC)
was observed for small molecules and globular proteins. In short diffusion (< 10 nm), the diffusing molecules
are not interfered with by the mesh structure of HA and the diffusion coefficient was the same in the aqueous
solutions without HA. On the other hand, for long diffusion (> 100 nm), the diffusion coefficient was significantly
dependent on the HA concentration showing that the magnitude of diffusion coefficients was decreased due to the
interaction with the polymer chain. The curve of DDDC was successfully obtained by the present experiment
indicating that the anomalous diffusion occurs in the 10-100 nm area of diffusion distance. The HA matrix,
which is an important member of ECM, acts as if an cotton ball holding moisture the string mesh of which is
in nanometer scale. We named this function as “Nano-Cotton” . HA nano-cotton acts not only as a fine matrix
holding a large amount of water but also as a media controlling the transport phenomena inside ECM in terms of
anomalous diffusion which affects on various dynamics of cell activities such as cell adhesion, tumor migration and

invasion and others.
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Fig. 1 The structure of Hyaluronan
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Fig.2 Shear viscosity of HA aqueous solution (1 wt%) with
various molecular weight (unpublished result). The viscosity
is lowered significantly because the linear polymer chains
are aligned in parallel. We consider that the cylindrical ion
atmosphere make the friction between two polymer chains.
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Fig.3 Relative dependence of Dobs on CHA using various
quenchers observed by PCBR method. Slight dependence
of Dobs on CHA is apparently observed for charged molecules
while almost no dependence was observed for a neutral
quencher, Co(acac)3. Since the ionic strength was induced
by the existence of HA polymers, no intrinsic dependence on
CHa is expected for the charged molecules (see text).
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Fig. 4 Reduction of observable diffusion coefficient on HA

addition measured by PFG-NMR. The fitting curves were
obtained from eq. 5.
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Fig. 5 Reduction of observable diffusion coefficient on HA addi-
tion measured by FCS. The fitting curve was obtained from eq. 5

Summary of the observation time and the diffusion distance observed for various mol-

ecules by three independent techniques, PCBR2162, PFG-NMR2162, and FCS. ?obs and L
were calculated from the results in the absence of HA.

Diffusing Estimated Mecthod Non-perturbed ~ Observation Diffusion
Probe Molecular Diffusion Time Distance
Molecules Diameter Cocfficient
B Dy Tobs L
(nm) (x10"° m*s™)
Cytc 34 PFG-NMR® 14 10 — 100 ms 3-9um
FCS 1.4 67 s 237 nm
PCBR® 1.3 300 — 400 ns 15-18 nm
[Ru(bpy)s]*" 1.0 PFG-NMR® 4.61 10-400ms  5.3-33 um
PCBR* 4.6 300 — 400 ns 29 -33 nm
Alexa 1.4 FCS 2.4 42 ps 246 nm
Methylviologen 0.50 PFG-NMR" 7.93 30 — 70 ms 12 - 18 pm
PCBR*® 7.9 300 — 400 ns 38 —44 nm
Co(acac)s 1.2 PFG-NMR? 4.86 100 ms 17 pm
Co(edta)” 0.8 PFG-NMR® 6.95 80 ms 18 pm
H,O 0.30 PFG-NMR® 2.34 10 - 500 ms 3.7-26 pm
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Fig.6 A plot of distance dependence of diffusion coefficients
(DDDC) plot of Dobs at CHA = 1.5 wt% against the aver-
aged diffusion distance L on logarithmic scale. Since the
Dobs obtained from PCBR experiment is increased by 28
% by the ionic strength of the HA chain, Do was used as
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ionic atmosphere is almost equal to Do (see text). Further-
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100 nm. The numbers indicated beside each point are tobs
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Fig.7 A drawing of the network structure in extracellular
matrices (ECM) consist of a blend of proteins (Collagens),
hyaluronan (HA) and other proteoglycans (PG) .
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