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the two apparent mobilities at any cell depth. Thus if the
particle mobilities of unknown samples and the reference
sample are measured at the cell center where the mi-
gration velocity has a maximum, the real electrophoretic
mobility of the unknown sample is given by:

Ug — U}y = Usgp(maximum) ~ U, (maximum) (8)

Fig. 1 shows an example indicating the electrophoretic
mobility profiles obtained experimentally for the refer-
ence sample (PSSNa lattices) and an unknown sample
(SM lattices) along the cell depthina 1 x 107> M KCl
solution at 25°C. The SM lattices employed as an
unknown sample were prepared by the copolymerization
of styrene with 5% methacrylic acid (MA) at 70°C. It is
apparent that both profiles indicate reasonable parabolical
curves, and the curve for the reference lattices shows a
constant mobility at the two stationary levels. Further
more, the difference between the two apparent mobilities
at the cell center agrees well with the velocity of the SM
lattices at the stationary level.

Fig. 2 shows the {-potential vs. pH curves for the SM
lattices, which have been determined from the maximum
mobilities using the PSSNa lattices as a standard.'®! The
same relation obtained from the velocity of the SM
lattices at the stationary level is also indicated. As can be
seen, both curves agree fairly well over the whole pH
range. All of these results indicate that if we have a
reliable colloid sample whose ({-potential is exactly
determined, the {-potential of the unknown sample can
be determined precisely from the measurements of
apparent electrophoretic mobility at the cell center. In
that case, slight errors in focusing (i.e., errors because of

N\
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Fig.1 Examples of electrophoretic mobility profiles of PSSNa
lattices (U7) and SM lattices {U). (h*) stationary level; (m)
PSSNa lattices; (@) SM lattices (1 x 10~ M KCl, 25°C).

Zeta Potentinl (V)

Fig. 2 {-Potential vs. pH curves of unknown sample (SM
lattices) determined by the maximum velocity of reference
sample (@) and the usual method (O).

the view field) are less important because the velocity
gradient near the level of observation is very small.

According to Eqs. 3 and 4, Uy and hence the {-poten-
tial of the cell wall are determined using a reference sam-
ple. The electroosmotic velocity (Up) obtained by the
extrapolation of the velocity profile to the cell wall
permits the determination of the [-potential of the cell
wall-solution interface, and the {-potential measurement
of various solid-solution interfaces,” including the
dissimilar cell system,® has been determined. Here, we
would like to emphasize again that the determination of
the {-potential of the cell wall is also possible from the
maximum velocity of the reference sample, instead of the
tedious plane interface procedure. According to Eq. 4, the
apparent velocity of the reference sample at the cell center
(at h=0) is U,y =Ua’ —Up'/2. Therefore Uy’ and hence
the {-potential of the cell wall can be quickly determined
if the U,y has been previously known.

Fig. 3 shows some examples of apparent flow velocity
profiles of standard latex samples (PSSNa lattices) at
various pH values in which both boundaries refer to the
glass—solution interface. A symmetrical parabola was
given at all pH conditions where the surface charge of
glass is consistent with both sides.

ELECTROKINETIC CHARACTERIZATIONS IN
CONCENTRATED DISPERSIONS

In recent years, electroacoustics offered studies on surface
characterization and the stability of suspended colloid
particles, The term electroacoustics refer to two kinds of
related phenomena: 1) colloid vibration potential (CVP),
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Fig.3 Apparent flow velocity profile of standard latex samples
at various pH values (1 x 103 M KCl, 25°C).

in which an electrical field arises in colloidal suspension
when a sound wave passes through the dispersion (i.e.,
ultrasonic vibration causes the difference in movement
between charged core particles and countercharges around
them, which induces oscillating dipole moments and hence
the potential drop in the sample cell);™ and 2) electroki-
netic sonic amplitude (ESA), the reciprocal effect of the
above phenomena, in which an alternating electrical field
is applied to a suspension and a sound wave arises as a
result of the inertia of the particles, caused by their time-
alternating electrophoresis (i.e., high-frequency electrical
waves cause a difference in movement between the core
particles and the countercharges, which generates an ul-
trasonic waves in the sample cell).!'%!1

A very important advantage of these electroacoustical
techniques is their ability to provide accurate measure-
ments of the {-potential in concentrated colloid systems.
In this section, two of the typical data obtained by these
methods are shown.

Surface Characterization of Concentrated
Latex Suspensions

In this section, the CVP technique is demonstrated for zeta
potential measurements of concentrated suspensions of
latex particles with different surface groups.'” Three
types of polystyrene lattices with different surface groups
were synthesized in emulsifier-free systems. The usual
polystyrene (PSt) lattices were prepared by the method of
Kotera et al.,'*) and the two others (PSm and P5tn) were
synthesized by incorporating small amounts of ionic

Table 2 Characterization of colloid particles

Surface charge density

(uClem?)
Diameter
Sample (nm) Strong acid  Weak acid  Total
PSt 480 53 2.5 78
PStn 610 18 0 18
PStm

530 5 33 38

comonomer, methacrylic acid, and sodium poly-
vinylphenylsulfonate (NaSS) into a polystyrene chain,
respectively, as in Juang and Krieger.'™ To increase
the particle size, PStn was prepared in a system with
1 x 10~ * mol/dm® MgSQ,. These latex samples were
sufficiently dialyzed with distilled water and were then
brought into contact with an ion exchange resin to remove
ionic impurities. The samples were all composed of highly
monodispersed spherical particles with D\ /D;=1.02, and
the surface charge densities of the latex particles were
measured by potentiometric and conductometric titration,
as in Van den Hul and Vanderhoff."*! The characteriza-
tion data of all the samples are summarized in Table 2.
To compare the CVP with the conventional electroki-
netic technique, first, the zeta potential of each sample ina
dilute state was determined ina 1 x 10~ ? mol/dm® KCl
solution at different pH values using the microelectrepho-
retic technique. The resulting data for four samples are
shown in Fig. 4. The {-potential of the latex samples,
especially the PStn sample, appears to be essentially in-
dependent of the medium pH. The zeta potential of PSt
increases gradually from acidic to neutral pH. This be-
havior is probably dependent on the existence of car-
boxy!l groups on the surface (with pK, values between

pH
2 3 4 5 6 7 8 9 WM N
'} T r r
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=70

Fig.4 pH dependence of zeta potential in dilute state measured
by the microelectrophoretic technique in 1 % 10~ mol/dm?
KCl at 25°C.
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Fig. 5 Concentration dependence of zeta potential for poly-
styrene latex suspensions in 1 x 10~ mol/dm® KCI at 25°C
and pH 5.

about 4 and 5), which are produced by the hydrolysis and
subsequent oxidation of the OSO; ™~ groups that come from
the radical fragments used as an initiator (K,S,0g)./6~ 8

The CVP measurements of polystyrene lattices give
reliable data only in high-volume fraction {¢) systems
above ¢=0.1 because the density of the latex particles is
small (p,=1.05 g/em’) and significant differences of CVP
against the background signal can be detected only at high
concentration ranges. Figs. 5 and 6 are graphs of the zeta
potentials determined by CVP measurements for three
kinds of polystyrene laitices at pH 5 and 9, as a function
of the ¢ value of each latex. It is apparent that the zeta
potentials for PSt and PStm at pH 5 and for PSt at pH 9
have nearly constant values over the entire concentration
range of particles, and that the cell model theory is nearly
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Fig. 6 Concentration dependence of zeta potential for
polystyrene latex suspensions in 1 x 10~ 3 mol/dm® KCI at
25°C and pH 9.

valid for those systems. However, the zcta potentials for
PStn at pH 5 and for PStn and PStm at both pH values
decrease strongly as the particle concentrations increase.
Furthermore, it was found that those of PStm at pH 9 are
Iower than those at pH 5, which is opposite in tendency to
those in Fig. 4, determined directly in dilute states by the
microelectrophoretic technique. It is thought, from a
comparison with Table 2, that this abnormal behavior of
the {-potential is related to the high surface charge den-
sities of the latex samples (i.e., PStn has many sulfonate
groups on the surface brought about by the NaSS com-
ponent), which dissociate completely under both pH con-
ditions, and PStm becomes covered with thick carboxyl
layers coming from the MA molecules, which gradually
dissociate as the pH increases. These high surface charge
densities bring about an expansion of the surface layer
and may cause a double-layer overlapping at moderate
particle concentrations, which results in restrictions for
the prerequisite of the cell model of Levine et al.!'"!

To understand the abnormal behavior of the CVP and
{-potential that appeared in the latex suspensions, in-
cluding the particles with high surface charge densities,
the concentration dependence of conductivity was mea-
sured in the respective systems. The concentration de-
pendence of the conductivity depends largely on the
surface nature of the particles.’?! The conductivity of
polystyrene latex systems increases as the particle con-
centration increases. This tendency is especially remark-
able in the PStn systems at pH 5 and 9 and in the PStm
system at pH 9. From a comparison with the results of the
CVP, it was realized that this increasing tendency of the
conductivity is closely related to the abnormal behavior of
the CVP. This is explained as follows, On the highly
charged surfaces of PStn or PStm at pH 9, a polyelec-
trolyte-like (‘*hairy’’} layer is present. These layers over-
lap each other in this concentrated state, allowing
electrical conduction through the hairy layer; thus the
hairy layer results in interparticle surface conductance,
The degree of interparticle surface conduction is affected
by the particle concentration and the thickness of the
hairy layer, which in turn depend on the surface charge
density of the particle and the pH of the medium.

Application of Electrokinetic Sonic
Amplitude Technique in the Ceramic Industry

The concept of colloidal suspension processing has been
successfully applied to the field of structural ceramic
where inherent properties of dense suspension are used
to transform a fluid suspension to a stiff gel. During col-
loidal processing, the state of dispersion has a signif-
icant influence on the casting behavior and the resulting
green body properties. The good dispersion of particles
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gives optimum packing state (high green density), which
influences the sinterability of the ceramic body and hence
the physical and chemical properties of the final preduct.
At present, fine-grained and uniform microstructures are
desirable for meost ceramic applications in producing
strong and reliable structural parts.

Traditionally in the ceramic industry, polyelectrolytes
have been utilized to prevent the flocculation of par-
ticles, Because of the charged nature of the polyelectro-
lyte, they impart stability to the particles via an elec-
trosteric mechanism. Hence the adsorption of these
charged molecules onto a particle surface will alter the
surface charge and hence the zeta potential. Thus using
electroacoustics, it is possible to follow the changes in
the zeta potential with increasing amounts of polyelec-
trolyte. This is extremely useful in determining the
optimum amount of polyelectrolyte required to stabilize
the particles under different conditions.

Fig. 7 shows how the zeta potential of an alumina
suspension (background electrolyte, 10 mM KCl) can be
altered by the addition of three commercially available
polyelectrolytes.®™® [nitially, the zeta potential of the
suspension is such that the suspension becomes more
stable. The trend for all dispersants is very similar in that,
initially, the zeta potential changes strongly with small
amounts of dispersants and then after a certain concen-
tration, the zeta potential begins to platecau out as no more
dispersant is adsorbed on the surface. However, each
dispersant imparts a different final zeta potential and re-
quires a different amount of dispersants to cover the
particles. Of these, Poly-CA imparts the greatest final zeta
potential, so this would be an excellent dispersant for the
alumina. However, it must be noted that the likely sta-
bilization mechanism for polyelectrolyte dispersants is
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Fig. 7 Effect of three commercial dispersants on alumina
suspension in 1 x 10~* mol/dm? KCL: (#) Poly-CA; ({) Poly-
PC33; (@) Poly-CE64.
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electrosteric stabilization. Therefore there may well be a
steric contribution to the stabilization mechanism depend-
ing on how the dispersant adscrbs. Poly-CE64 imparts a
final zeta potential of —45 mV and requires approxi-
mately twice as much dispersant to do so, making it a
poor candidate in comparison. The zeta potential from the
suspension stabilized with Poly-PC 33 does not appear to
leve] out, and further data points would be required to
determine the optimum amount.

ELECTROKINETIC MEASUREMENTS IN
SYNTHESIS OF COMPOSITE PARTICLES

There is a variety of methods currently used to fabricate a
wide range of stable, composite, and coating particles of
various compositions. These include heterocoagula-
tion,?" seed polymerization,??! emulsion/phase separa-
tion, ™™ sacrificial core techniques,*” and so on. The
notion of adsorbing particles onto solid substrates in a
layer-by-layer manner was introduced by Lier®! in the
mid-1960s. Decher and Hong®! extended Lier’s work to a
combination of linear polycations and polyanions in the
early 1990s. Decher®”) later adapted the layer-by-layer
technique to include inorganic nanoparticles, biomole-
cules, clays, and dyes in polyelectrolyte multilayer
assemblies. Very recently, Caruso and Mohwald®®® and
Caruso et al.® reported very interesting results, which
included a detailed investigation of the stepwise for-
mation of the silica-nanoparticle/polymer multilayer
templating of some latex particles. In this chapter, we
demonstrate how we can utilize electrophoretic mea-
surements in synthesis and coating processes of compo-
site particles.

Heterocoagulation Behavior of Polymer
Lattices with Spherical Silica

Gherardi and Matijevic®® have investigated various
behaviors of mixed colloid particles obtained by mixing
differently preformed particles. They showed that the
nature of a mixing system depends on the conditions of
preparations, and concluded that the most important
parameter in controlling the morphology of composite
particles is the surface charge of the component particles,
especially the contrast between surface charges of the two
component particles. A stable system consisting of a
regular composite particle could be prepared only in a
medium controlled at a definite pH, where the two com-
ponents are charged with opposite signs. Typical results
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Fig. 8 [-Potentials of silica (O0) and latex particles (O) as a
function of pH at 5 x 10~* mol/dm® KCI.

of the electrophoretic mobility for the single silica and the
latex suspension are shown in Fig. 8.

The next important parameter to control morphology is
- the particle size ratio of the component particles when
they are mixed in the vessel. Fig. 9 shows schematic
pictures of the morphology of heterocoagulates of
different silica particles and amphoteric lattices. Fig. 10
shows an optical micrograph of the real heterocoagulate
generated from different silica samples and amphoteric
latex systems, where the other conditions (e.g., the
particle number ratio, Ngjica/Maex=1/300; medium pH
5.6) have been kept constant. The microscope used for

Silica-M 960 nm

{4

A | B
Siiica-5 480 nm Silica~-55 240 nm
oF x| @

c 0

Siica=L 1580 nm

_.-QQQ?

Fig. 9 Schematic pictures showing the morphology of hetero-
coagulate particles formed from different silica samples.

779

Fig. 10 Optical micrograph showing the heterocoagulates
prepared from different silica samples: {A) Silica-L; (B)
Silica-M; (C) Silica-S: (D} Silica-SS.

observations was a Jateral-type metallurgical microscope
(Axio Mart, Carl Zeiss, Germany). It may be seen that at a
particle size ratioc (r=Dgyce/Diates) higher than 3, the
suspension is composed of uniform heterocoagulate par-
ticles and each heterocoagulate undergoes Brownian
motion as an isclated unit. The insert of Fig. 10A shows
a scanning electron micrograph of the heterocoagulate. It
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Fig. 11 Adhesion isotherms of amphoteric lattices onto Silica-
1. at various K>S0y concentrations: (%7) 1.46 x 1072 M; (O0)
146 x 1073 M; (A) 146 % 1074 M; (0) O M.
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Fig. 12 (-Potentials vs. pH curves for heterocoagulate particles
prepared at different electrolytes: (37) heterocoagulates prepared
at 248 x 1071 M MgCl;; (O) heterocoagulates prepared at
1 x 1073 M KCl; (O) amphoteric [attices.

is apparent that the heterocoagulate takes a raspberry
shape with one silica particle in the core. In contrast to
this, the heterocoagulates generated at a particle size ratio
lower than r=3 (Fig. 10C and D) are corposed of large,
irregular aggregates, and regular coagulates were hardly
formed at any medium pH and particle number ratio
investigated.?132

It is interesting to analyze the different heterocoagula-
tion behaviors from the concept of the adhesion isotherm
for the amphoteric lattices on the silica particles, Fig. 11
shows some typical isotherms for the lattices on Silica-L
at varicus K80, concentrations, where all the systems
were controlled at pH 5.2. It is evident that the isotherms
are all well defined and of very high affinity type, and the
plateau value increases with increasing K>S0, concen-
tration within the range from 10~ to 102 mol/dm?, This
means that in this concentration range, adhesion proceeds
in a way characteristic of monolayer adhesion. This may
be because of the strong blocking effect of adhering
particles. However, in K,;80, agqueous solutions more
concentrated than 2 x 10~2 mol/dm®, no reproducible
isothermn could be obtained under any conditions tested,
and only some irregular aggregates were generated in the
course of the experiment.®*) In Fig. 12, the {-potentials of
the heterocoagulates prepared at different clectrolyte
concentrations, as well as the data on the amphoteric
lattices, are presented as a function of the medium pH. As
may be seen, a reversal of charge is observed in all
samples, and the IEP in the heterocoagulated systems

b +284mV

8 -302mvY

Fig. 13 Schematic showing the process of synthesizing
multilayer composite particles: (a) core silica; (b} PC vesicle/
silica composite particle; (c) silica/PC vesicle/silica composite
particle.

occurs at about pH 8, which is not so different from the
IEP of the single lattices, Moreover, the fact that the
limiting net positive {-potential attajined at 3 < pH < 6
increases with increasing electrolyte concentration is also
in line with the increase in latex adhesion with increasing
electrolyte concentration.

Mufltilayer Composite Particles Comprising
Silica/Vesicle/Silica Particles

Cempesite particles, including vesicle particles, are an
important topic in application fields. Composite particles
can be used frequently in the biomedical field for diag-
nostic purposes and for treatment medicine. Here, we
describe one example of such systems,® that is, PC
vesicles, which are typical biccolloid systems and are
introduced into composites as a one-component particle.
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Fig. 14 ({-Potentials vs. the concentration of LaCl;: (#) PC
vesicles; (®) silica particles.
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The silica/PC vesicle/silica multilayer composite par-
ticles were prepared by the alternate adsorption of PC
vesicles and small silica particles on the large silica
particles with negative charges (Fig. 13). In this study,
electrostatic attraction is taken into account as the driving
force. It is important that the silica and the vesicle
surfaces bear opposite charges to be effective. We can
control the surface charges of the vesicle and silica par-
ticles by adjusting the conecentration of LaCls. In Fig. 14,
the {-potentials of PC vesicles and silica particles are
shown as a function of LaCl; concentration. The {-
potential of PC vesicles decreases with increasing LaCl;
concentration, and becomes positive over a certain
concentration of LaCl,. This is because of the binding
effect of La®* jons to the phospholipids head group.P4!
However, for silica dispersions, the {-potential remained
negative over the 10~°~10~2 M concentration range of
LaCls. Thus at 10™* M LaCls, the {-potentials of the
silica and PC vesicles were —30 and +32 mV,
respectively. It is assumed that a strong electrostatic
attraction will occur between the vesicles and the silica
particles. Therefore we selected 10~* M LaCl; as the
heterocoagulation condition.

After mixing the PC vesicles with the core silica
dispersion, the free vesicles were removed from the
dispersion and the {-potentials of the composite particles
generated were measured. The value was determined to
be +28 mV. The positive {-potential indicates that the PC
vesicles are adsorbed on the silica surface because the
surface of the PC vesicles binds with La®* ions.

For the PC vesicle adsorption state on the silica
surface, there are two possible states: 1) as a vesicle par-
ticle Jayer, or 2) as a lipid molecular bilayer. To clarify
the adsorption state of the vesicles, as the next stage, the
adsorption amounts of PC on the silica surface have been
measured. In Fig. 15, the results are shown as a function
of the PC concentration. Adsorption amounts are ex-
pressed by the number of phospholipids molecules ad-

2 250 g
3 200 s
5% ‘./” Vesicle single kayer
2= 150 .
T2
E \g 100
E 50 lipid molecule bilayer
[ ]
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Fig. 15 Adsorption amount for PC on core silica surface in
10~* M LaCl; at 25°C.

Fig. 16 Optical micrograph of silica/PC vesicles/silica com-
posite particles. (View this art in color at www.dekker.com.)

sorbed per square meter of silica surface. The solid line
represents a theoretical curve for the adsorption amount of
the single bilayer mode!, assuming the area per PC mo-
lecule equals 0.7 nm?, The dotted line shows a theoretical
curve for the adsorption of a single vesicle layer model,
assuming that the vesicles are of uniform size and have a
unilamellar spherical shape. The saturated adsorption
amounts in the experiments are located near the value for
the latter, but over it. This is because of the existence of
some multilamellar PC vesicles in the sample (i.e., the
existence of multilamellar PC vesicles will induce a large
number of PC molecules than the value of unilamellar
vesicles). Thus we can expect that the PC vesicles will be
adsorbed on the silica surface as a unilamellar vesicle
layer (i.c., the composite particles have been generated
as shown in Fig. 13b). Furthermore, we then separated the
PC vesicle/silica composites from the free PC vesicles
by the ultra-filtration method (with a polycarbonate
membrane filter, pore size 1.0 pm), and determined the
mean size of the composite particles by the dynamic light
scattering (DLS) method. The diameter of the composite
particles is 1.93 pm, and this value is close to 1.9 pm,
which was calculated by the single particle layer model.
This result means that the PV vesicles will be adsorbed on
silica particles as the same spherical particle size,

In the second stage of composite formation, we mixed
the PC vesicle/silica composite particles with a small
silica (2¢=0.5 prm) dispersion under the same 10™* M
LaCl; solution. The {-potentials of the products reversed
from positive (+28.4 mV) to negative (—30 mV) again,
which indicates that the small silica particles (with nega-
tive charges) were adsorbed on the surface of the posi-
tively charged composite particles (Fig. 13c).
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The direct observation of the multilayer formation
of composite particles is provided by a special optical
microscopy technique. In Fig. 16, the composite particles
of the silica/PC vesicle/core silica in the 10™* M LaCl,
sclution are shown. We cannot clearly see the image of
the PC vesicles on the silica becanse the PC vesicle has a
large water core and a thin lipid bilayer (about 5 nm).
Therefore the total refractive indices of the PC vesicle
are close to those of water. However, the formation of the
silica/PC vesicle/silica composite particles is indicated
clearly in Fig. 16; the small silica particles are adsorbed
on the spherical surface of the PC vesicle/core silica
composite and are located on the outer layer of the com-
posite particles.

The Buildup of Polyelectrolyte and/or Colloid
Particle Muttilayer on Solid Surfaces

The multilayer formation of pelyelectrolytes on colloid
particles is usually characterized by a stepwise increase of
the adsorbed amount and layer thickness, and by alter-
nating highly positive and negative {-potentials of the
covered particles. Here, we describe two kinds of multi-
component layer systems using polyelectrolyte and colloid
particles. One is the formation of polyelectrolyte multi-
layers on polymer colloids. Another is the formation of
composite particles including organic and inorganic col-
loid particles using a layer-by-layer technique of poly-
electrolytes.?*!

To emphasize the influence of the polarity of the
substrate, three kinds of polystyrene lattices are
employed. PS-740 lattices with large size (2a=740
nm) were prepared by the usual surfactant-free
emulsion polymerization technique;''? NaSS-190 Ilat-
tices were made by incorporating a small amount of
an ionic comonomer, sodium-p-vinylbenzyl-sulfate, into
the polystyrene chain according to Kotera et al.l®! The
charge density of NaSS8-190 lattices is much higher
than that of PS-740 latex. DEAM-250 lattices consist

Colloidal Nanoparticlest Electrokinetic Characterization

of amphoteric particles prepared by the method
described by Homola and James.®®! Characteristic data
for these samples are shown in Table 3. Silica samples
with different particle sizes (22=500, 300, and 20 nm),
which were obtained from Nippon Catalisitic Co. Ltd.
and Nissan Chemical Co. Ltd., were used. All these
single dispersions consisted of monodisperse spherical
particles with D,/D,< 1.04 always, and were used
after extensive dialysis.

As the cationic polymer, poly-L-lysine (PLL-19) with a
fixed molecular weight (M=160,000) was used, and as
the anionic polymer, polystyrene sulfonate (PSSNa-50)
with M=500,000 was used. PSSNa-50 carries a constant
charge for pH 3-10. However, PLL-19 is pH-dependently
charged and it is known that a fixed positive charge is
carried only in the region of pH 3-7.

The adsorption of polyelectrolytes was allowed to
tzke place for 1.5-2 hr at a 0.1-0.3 mg/mlL PLL or
PSSNa solution using a very dilute latex or silica
suspension (¢=0.0001) and a saturated concentration
without any free polymer of each polyelectrolyte that
was detertnined by mobility measurements of the core
particles. During the adsorption process, suspensions of
the core particles were mixed slowly by means of
rotating end-over-end.

The DLS measurements were cartied out to assess the
development of hydrodynamic layer thickness on the
addition of PLL or PSSNa molecules. The heterocoag-
ulated state of composite particles was observed
directly by the optical microscope and scanning elec-
tron microscope.

Muttilayer formation of
polyelectrolytes on colloid particles

In Fig. 17, a typical cyclical curve of {-potential on
alternating additions of PLL-19 and PSSNa-50 on
negatively charged NaS8-190 latex surfaces is shown.
The switch to either of the new polyelectrolytes is

Table 3 Particle diameters, {-potentials, and functional groups of the colloids

Diameter L-Potential (mV) Functional
Particle {nm) in 1073 M NaCl group
NaS$-190 latex 150 — 50 pH 4) SO5
DEAM-250 Iatex 252 + 60 (pH 4) INH*
PS-740 latex 740 — 30 (pH 4 0805
Silica-500 500 — 30 (pH 6) Siog
Silica-300 300 — 30 (pH 6) tery
Silica-20 20 — 30 (pH 6) 8i07
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indicated by the arrows. In the figure, the abscissa axis
indicates the total number of repeating units of both
polyelectrolyte molecules. The change of the {-potential
is substantial (i.e., the {-potential is highly positive after
the addition of PLL-19 and highly negative after the
addition of PSSNa-50). This result indicates clearly that,
on the adsorption of polyelectrolyte, the oppositely
charged surface is not just compensated but strongly over-
compensated. An overcompensation of polyelectrolyte ad-
sorption is the main reason for progressing the multilayer
formation. The buildup process was also confirmed from
the stepwise increase of the layer thickness of the core
latex particles. The stepwise increase of the layer
thickness, especially after the adsorption of PSSNa-50
molecules on the core particle surfaces, is also shown in
Fig. 17.

In the next stage, we tried to produce polyelectrolyte
multilayers under different medium compositions. In
Fig. 18, the results of multilayer formations of PSSNa-
50 and PLL-~19 in pure water at pH 4, 1072 M NaCl
solution, and 10~% M BaCl, solution are indicated. In
these experiments, the positively charged DEAM-250
lattices were used as the core particles. In this figure, the
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Fig. 17 [-Potential (a) and total particle size (b) of the com-

posite syster by multilayer deposition of PLL-19 and PSSNa-50
on NaSS-10 lattices against the concentrations of each poly-
electrolyte solution (¢ = 7.5 x 102 wt.%, pH 4, [NaCl)=1x
102 M). The switch to a new polymer solution is indicated by
the arrows.
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Fig. 18 {-Potential of multilayers of PSSNa-50 and PLL-19 on
DEAM-250 lattices against the concentrations of each polyelec-
trolyte solution under different salt conditions (¢ = 7.5 X 10-3
wt.%, pH 4).

locus of {-potentials obtained under different salt con-
ditions is plotted for the total amounts of repeating units
of PLL-19 and PSSNa-50 molecules. As can be seen, the
step in the {-potential obtained in the BaCl, solution is
delayed, indicating that the electrostatic attraction
between PSSNa-50 and the charged surface of DEAM-
250 lattices is weakened. This is caused by the strong
affinity of Ba®* to SO;~ in PSSNa-50 molecules. The
existence of such a specific effect has been reported in

the literature.?7%8
() pH=~4anly
& Mt )M
A BuL 10

.

] i i 1 I i
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Fig. 19 The total particle sizes in each step to stable multi-
layers of PSSNa-50 and PLL-19 on DEAM-250 lattices under
different salt conditions (¢ = 7.5 x 1072 wt.%, pH 4).
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Fig. 20 {-Potential of composite particles by multilayer

deposition of PLL-19 (concentration, 2 x 10~ wt.%) and
Silica-300 (concentration, 1.0 x 10‘3w1_%) on PS-740 lattices
(=75 x 10™* wt.%, pH 6, [NaCl]=1 x 10~* M). The switch
to Silica-300 from PLL-19 is indicated by the arrow.

Fig. 19 indicates the stepwise increase of layer thick-
ness on DEAM-250 latex particles under different salt
conditions. Surprisingly, in the 107 2 M BaCl, solutions,
the layer thickness of adsorbed polyelectrolytes increased
steadily and the weak attraction effect coming from
Ba®* was not observed on the layer-by-layer formation.
However, in distilled water, the layer thickness increased
quickly at an early stage of deposition. However, in the
final stage, the layer shrunk. The reason for this phe-
nomenon cannot be explained, but this result indicates
surely that strong elecirostatic attraction is not always
the sole factor necessary to form a stable multilayer.

Muttitayer formation of colloid
particles with polyelectrolytes

The layer-by-layer deposition technique of polyelectro-
lytes can be applied to the formation of composite par-
ticles comprising organic and inorganic colloid particles.

S0 nm
bt L

Fig. 21 Electron micrograph showing hybrid particles of outer
Silica-300 particles on core PS-740 lattices.

Colloidal Nanoparticles: Electrokinetic Characterization
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Fig. 22 (-Potential of composite particles by multilayer
deposition of pair (PLL-19 + Silica-20) layers. The switch is
indicated by the arrow.

Fig. 20 shows the buildup processes of colloid particles
using P$-740 latex sample as the core. Here, PLL-19
was used as a binder polyelectrolyte. The abscissa axis
in this figures indicates the total amounts of the binder
polyelectrolyte + adhering particles. As can be seen
from the figure, the {-potential of the core particle has
changed from a negative value to a positive value by
adsorption of PLL-19 molecules, and changed again to
negative values with an increasing number of adhering
silica particles (Silica-300). These results suggest that
the composite formation of colloid particles has
progressed reasonably by the binder layer of PLL-19
molecules. Fig. 21 is a photograph showing a typical
example of hybrid particles consisting of outer Silica-
300 particles on core PS-740 latex as prepared in this
experiment. It is known that the composite consists of
regular hybrid particles comprising organic and inorgan-
ic particles. However, the structure form is not so stable
and sometimes the system includes free silica particles.

In the next stage, the synthetic process of hybrid
particles with multilayers of silica particles on PS-740
was examined, As the binder polyelectrolyte, the PL1-19
molecule was also used under the same medium
conditions. Fig. 22 shows the cyclical behavior of the {-
potential in the formation process of multilayers of Silica-
20 and PLL-19 layers. As can be seen, the cycle of {-
potential after adhesion is systematical, indicating that
the deposition of PLL and Silica-20 has progressed reg-
ularly. Fig. 23 is a photograph of an original PS-740
latex and two kinds of composite particles covered
with a single silica + polymer layer and twosilica + poly-
mer layers. Two kinds of composite particles can be
distinguished based on the thickness of the adhering silica
particle layer.
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a)

Fig. 23 Electron micrograph showing hybrid particles of small Silica-20 particles on core PS-740 latex particles: (a) PS-740 lattices;
(b) hybrid particles deposited by a single (PLL-19 + Silica-20) layer; (c) hybrid particles deposited by pair (PLL-19 + Silica-20) layers.

From these results, it is concluded that, by combining a
multilayer formation of polyelectrolytes and charged col-
loid particles, we can prepare many new synthetic ma-
terials comprising different chemical species, different
structures, and different shapes.

CONCLUSION

Here, several preparation processes of composite particles
relating to the electrical properties of particles are de-
seribed: 1) the heterocoagulation process of amphoteric
polymer lattices on spherical silica; 2) composite for-
mation comprising silicalvesicle or silicafvesiclefsilica
particles; and 3) the buildup process of polyelectrolyte or
colloid particle multilayers on latex or silica surfaces. All
these results indicate that the electrokinetic measurement
is an essential and powerful technique for monitoring the
formation process of composite particles with different
compositions. Finally, the present authors would like to
stress that the formation processes described here were
concerned with the semimicron-sized particles, but these
techniques can be applied to systems, including nanosized
particles with slight reversions.
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P1-273 Glutamate responses of the retinal neurons
recording with voltage sensitive dye

Yukio Shimoda® -

IMedical Research Institute, Tokyo Women's Medical.
University, Tokyo, Japan

The photo information processing in vertebrates retina starts from the
release of the glutamate from the photoreceptor cells. Therefore, it can
know the mechanism of information processing in the retina by
recording the response to extringic application of the glutamate. After
making transverse sections of the dace retina, they were stained with
voltage sensitive dye (Nihon Kanko Shikiso, NK-2761) and they were
put on the microscope stage. A small amount of monosodium glutamate
was applied through the glass micro pipette to the each layer of the
retina. The responses were recorded as the optical density changes
depending on membrane potential. The depolarization was recorded in
the horizontal cells when the glutamate was applied to the outer
plexiform layer. The depolarization was observed in the inner nuclear
and plexiform layer. In some cells in the inner nuclear layer,
hyoperpolarizing responses were recorded. It is thought that the
mechanism of the photo information processing can be clarified by
detailed identification of the cells.
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A lentiviral expression system demonstrates that L* protein of Theiler’s
murine encephalomyelitis virus (TMEV) is essential for virus growth
in a murine macrophage-like cell line
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Abstract

The DA subgroup strains of Theiler’s murine encephalomyelitis virus (TMEV) synthesize L* protein, which is translated out of frame
with the polyprotein from an alternative AUG, 13 nucleotides downstream from the authentic polyprotein AUG. By a ‘loss of function’
experiment using a mutant virus, DAL*-1, in which the L* AUG is mutated to an ACG, L* protein is shown to play an important role in virus
persistence, TMEV-induced demyelination, and virus growth in macrophages. In the present study, we established an L* protein-expressed
macrophage-like cell line and confirmed the importance of L™ protein in virus growth in this cell line,

© 2004 Elsevier B.V. All rights reserved.

Keywords: Theiler's murine encephalomyelitis virus; L* protein; Lentiviral vector; Virus growth; Macrophages

Theiler’s murine encephalomyelitis virus (TMEV) belongs
to the genus Cardiovirus of the family Picornaviridae and is
divided into two subgroups (Ohara and Roos, 1987; Lipton
and Jelachich, 1997; Obuchi and Ohara, 1998; Roos, 2002).
DA (or TO) subgroup strains induce a non-fatal policen-
cephalomyelitis in weanling mice followed by virus persis-
tence and chronic demyelination in the spinal cords, This late
demyelinating disease serves as an experimental model of the
human demyelinating disease, multiple sclerosis. In contrast,
GDVII subgroup strains cause acute fatal polioencephalo-
myelitis without demyelination. The precise mechanisms of
virus persistence and demyelination caused by DA subgroup
strains are still unknown. A 17kDa protein, called L*, is
translated out of frame with the polyprotein from an alter-
native AUG, 13 nucleotides downstream from the authentic

* Comesponding author. Tel.: +81 76 218 8096; fax: +81 76 286 3961,
E-mail address: chara@kanazawa-med.ac.jp (Y. Ohara).

0168-1702/8 — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/.virusres.2004.07.009

polyprotein AUG (Kong and Roos, 1991; Obuchi and Ohara,
1998; Roos, 2002). L* protein is only synthesized in the DA
subgroup strains since the L* AUG is present in DA subgroup
strains, but not in GDVII subgroup strains (Michiels et al,,
1995; Obuchi and Ohara, 1998; Roos, 2002). Therefore, L*
protein is thought to be a key protein regulating DA biologi-
cal activities. A ‘loss-of-function’ experiment using a mutant
virus, DAL*-1, in which the L* AUG initiation codon is mu-
tated to an ACG, demonstrated that L* protein plays an im-
portant role in DA persistence and demyelination (Chenetal,,
1995; Ghadge et al., 1998). However, that finding is still con-
troversial since the absence of the L* AUG initiation codon
in a different DA infectious clone had only a weak influence
on the persistence of DA strain (van Eyll and Michiels, 2000,
2002).

We previousty reported that DA strain grows in J774-1
cells, an H-2¢ macrophage-like cell line derived from a tumor
of a BALB/c mouse (Ralph et al., 1975), while the GDVII
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strain does not (Obuchi et al., 1997). This phenomenon is
of great interest since a major site for TMEV persistence
is thought to be macrophages (Lipton and Jelachich, 1997;
Obuchi and Ohara, 1998; Roos, 2002). The important role
of L* protein in this in vitro phenomenon can be demon-
strated by using DAL*-1 virus. DAL*-1 virus does not grow
in murine monocyte/macrophage lineage cell lines, but it does
grow in other cell lines, including neural cells (Obuchi et al.,
1999). A recombinant virus, DANCL*/GD, which has the
DA 5’ noncoding and L* protein coding regions replacing
the corresponding regions of GDVII and therefore synthe-
sizes L* protein, had a rescue of growth activity in J774-1
cells, suggesting that L* protein plays an important role in
virus growth in macrophages (Obuchi et al., 2000).

A challenge in research related to L* protein is that its
sequence overlaps with that of the polyprotein, making it im-
possible to introduce the DA L* coding sequence into the
parental GDVII strain without changing the polyprotein se-
quence. The generation of macrophage cells that constitu-
tively express L* protein would allow a confirmation of the
role of this protein in virus growth with a ‘gain of function’
experiment. This system would also allow the synthesis of L*
protein in the cytoplasm, as has been described (Obuchi et
al.,2001), without being incorporated into virions. Therefore,
the goal of the present study was to establish a macrophage
cell line that constitutively expresses L* protein.

‘We used a lentiviral expression system in order to achieve
a stable and efficient gene transfer of L* protein. The vector
was constructed by using the transfer vector plasmid pCSII-
EF-MCS-IRES-hrGFP, constructed by Dr. Hiroyuki Miyoshi
and Dr. Tomoyuki Yamaguchi, Laboratory of Genetics, The
Salk Institute for Biological Studies. The plasmid has se-
quences of a human efongation factor (EF) 1 o subunit gene
promoter, a multiple cloning site (MCS), an internal ribo-
some entry site (IRES), and the coding region of a *human-
ized, red-shifted’ green fluorescent protein (hrGFP) in tan-
dem. L* coding sequence was inserted into MCS, resulting
in the production of L* protein independently from hrGFP
and not as a fusion protein. The expression of both proteins
is regulated by one promoter. Another construct, in which the
3xFLAG epitope sequence is tagged to the N-terminus of L*
protein, was generated as an additional control since the 5’
one third of the L* protein coding region is important for its
function (Obuchi et al., 2001). In order to generate vesicular
stomatitis virus (VSV) G protein-pseudotyped lentiviral vec-
tor particles, the transfer vector plasmid pCSII-EF-(cDNA
of L* or 3xFLAGL* protein)-IRES-hrGFP with the packag-
ing plasmid pMDLg/pRRE, pRSV-Rev, and the VSV-G pro-
tein envelope plasmid pMD.G (Naldini et al., 1996) were
tansfected into subconfluent 293T cells, a human embry-
onic kidney epithelial cell line expressing the simian virus 40
large T antigen, using a high-efficiency calcium-phosphate-
mediated transfection method (Miyoshi et al., 1997; Miyoshi
et al,, 1998; Sambrook and Russell, 2001). High-titer virus
stocks were prepared by centrifugation (43,600 x g, 3h,
21°C). The infectious titers were determined by counting

the number of GFP-positive cells by fluorescence-activated
cell sorting (FACS) analysis (FACSCalibur: BD Biosciences,
San Jose, CA). J774-1 cells (2 x 10°) were infected and
transduced at a multiplicity of infection (M.Q.L) of 5. Af-
ter the infection, the third subculture of L*-transduced and
3xFLAGL*-transduced J774-1 cells were seeded at a density
of 0.5 cells per well onto 360 wells and 1200 wells of HLA
plates (Greiner bio-one, Tokyo, Japan), respectively.

Cell propagation was observed in 27 wells of L*-
transduced cells and 105 wells of 3XFLAGL*-transduced
cells. During the first several passages, the cells in approxi-
mately 50% of wells were GFP-positive and propagated more
slowly than the original J774-1 cells. Some showed a dif-
ferent morphology, such as enlargement (20-30 um, about
1.5-fold larger in diameter) and an amoebic shape. We se-
lected four L*-expressed (L*/J774) and eight 3xFLAGL*-
expressed (3xFLAGL*/J774) clones by FACS analysis using
expression of GFP. The cells formed clusters easily when
replated in new culture dishes. These properties reverted to
those of the original J774-1 cells after seven passages. When
both cells were seeded in a 35 mm plastic culture dish at the
density of 1 x 10 cells/ml, the cultures reached to the den-
sity of 1 x 108 cells/m! within about four days, with a dou-
bling time of 24-30 h. Seven empty vector-transduced clones
(control/J774) were also obtained from the empty vector-
transduced J774-1 cells and served as a control. The prop-
erties of these cells were not different from those of the orig-
inal J774-1 cells. Fig. 1 shows the histograms of L*/J774/6,
3xFLAGL*/J774/33 and control/J774/6 clones, which gave
the highest GFP expression.

The expression of L* and 3xFLAGL* proteins was fur-
ther confirmed by Western blotting using polyclonal rabbit
anti-L* antibody (Ab) (Obuchi et al., 2000, 2601} or mono-
clonal mouse anti-FLAG M2 Ab (Sigma, St. Louis, MO). En-
hanced chemiluminescence reagents, ECL plus (Amersham
Biosciences, Buckinghamshire, UK), detected biotinylated
secondary Ab and horseradish peroxidase-conjugated strep-
tavidin (Fig. 2). The expression of L* or 3xFLAGL* protein
was stable after forty passages of culture.

We examined and compared the growth kinetics of DAL*-
I virus in those cells. The culture supernatants and cell Iysates
of 1.5 x 105 cells infected with DAL*-1 virus at an M.O.L
of 10 PFU per cell were harvested at 0, 3, 6, 12, 24, and 48 h
post-infection (p.i.), and the infectivity was assayed by a stan-
dard plaque assay on BHK-21 cells, In L*/J774/6 cells, the
titers of cell-free and cell-associated DAL*-1 virus reached
apeakat 12h p.i. (6.3 x 10° and 3.8 x 10° PFU/ml, respec-
tively) and then gradually decreased (Fig. 3B). On the other
hand, the titers gradually decreased in control/J774/6 cells
(Fig. 3A). The data indicated that L* protein is essential for
DA growth in J774-1 cells. The titers of DAL*-1 virus also
gradually decreased in 3xFLAGL*/J774/33 cells (Fig. 3C),
suggesting that the N-terminus is important for the function
of L* protein, as previously reported (Obuchi et al., 2001). In
addition, even though the 3xFLAG epitope is a small peptide
(2.7kDa), it may have changed the higher-order structure of
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Fig. 1. Flow cytometric analysis of green fluorescent protein (GFP) Ruorescence. J774-1 cells were infected and transduced with lentiviral vector containing
the L* or 3xFLAGL* protein sequence. The transduced cells were cloned by a limiting dilution. Figure shows the histograms of GFP fluorescence in the
representative clone of the vector-transduced J774-1 cells (open area). The original J774-1 cells served as a control (closed area), (A) Control/J774/6, which was
transduced by an empty vector as described in the text; (B) L*/1774/6, which was transduced by the vector containing the L* sequence; (C) 3xFLAGL*/1774/33,

which was transduced by the vector containing the 3xFLAGL* sequence.

L* protein since L* protein is relatively small (17 kDa). Also,
the predicted hydrophilicity of 3xFL.AG epitope may have in-
terfered with the strong hydrophobicity of L* protein (Qhara
et al.,, 1988; Obuchi et al., 2001), and thereby disturbed the
function of L* protein.

To further investigate which step of virion formation is
affected by L* protein, viral RNA synthesis of DAL*-1 virus
following the infection of those cells was analyzed by RNase
protection assay (RPA) (Fig. 4A). RPA was performed with

anti-L*Ab

the BD RiboQuant™ Non-Radioactive RPA system (BD
Biosciences, San Jose, CA), according to the manufacturer’s
instructions. Briefly, pDAFL3, a full-length infectious DA
c¢DNA clone (Roos et al,, 1989), was cleaved at the Hinell
site (nt 7783) in the viral genome in order to prepare an anti-
sense probe. The linearized plasmid was transcribed by an
in vitro transcription system with T3 RNA polymerase in
the presence of biotin-16-UTP {(Rache Diagnostics GmbH,
Mannheim, Germany). The biotin-labeled RNA probe con-

anti-FLAG M2 mAb

Fig. 2. Protcin expression of the transgenes {L” and 3XFLAGL* sequences) in L*/1774/6 and 3xFLAGL*/J774/33 cells. The expression of L™ gene in L*/J774/6
cells or 3xFLAGL* gene in 3xFLAGL*/J774/33 cells was analyzed by Western blotting as described in the text, L* (lane 1) and 3xFLAGL* (lane 2) proteins
were detected with anti-L* antibody (A) and anti-FLAG M2 monoclonal antibody (B}, respectively.
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Fig. 3. Growth kinetics of DAL*-1 virus in control/J774/6 (A), L*/J774/6 (B), and 3xFLAGL*/}774/33 (C) cells. The culture supemnatants (solid lines, open
squares) and cell lysates (broken lines, open circles) of cells infected at a multiplicity of infection (M.0.L) of 10 were harvested at indicated time points and
subjected to titer determination by a standard plaque assay on BHK-21 cells. Data are expressed as the mean = standard deviation (S.D.} in three independent

experiments.

tained 310 nt of sequence complementary to the 3' region of
the vira! genome and 52 nt of vector sequence (Ohara et al.,
1988; Roos et al,, 1989). At 0, 3, 6, and 9h p.i, total RNA
was extracted and purified from 9.3 x 10% virus-infected
cells by using RNeasy Mini Kit (QIAGEN, Tokyo, Japan).
The RNA and 10 ng of biotin-labeled RNA probe were hy-
bridized, and then treated with RNase A and RNase T1. The
protected RNA probes were separated by electrophoresis on
5% polyacrylamide gels containing 8 M urea, and transferred
to positively-charged nylon membranes by electroblotting.
The signals were detected by chemiluminescent detection
system. As shown in Fig. 4A, the amount of viral RNA of

(A) Control/J774/6

.

DAL*-1 virus clearly increased and reached a peak 6 h p.i. in
all the cells examined.

Viral protein synthesis was also examined in those cells.
At3,6,and9hp.i,, 1 x 10° cells infected with DAL*-1 virus
were scraped and dissolved in sample buffer (0.01 M Tris-Cl
[pH 6.8], 1 mM EDTA, 2.5% SDS, 5% 2-mercaptoethanol,
10% glycerol, 0.005% bromophenol blue). The cell lysates
were analyzed by Western blotting with DA-neutralizing
monoclonal antibody, DA mAb 2, which reacts to VP1 capsid
protein of DA strain (kindly provided from Dr. Raymond P.
Roos, University of Chicago, IL) (Fig. 4B). The amount of
VP1 capsid protein of DAL*-1 virus increased rapidly from

L*/1774/6 3xFLAGL'/J774/33

P 0 3 6 9 0
362 nt —= h

310 nt —=-

(B)

3 & 9 ¢ 3 6 9

25—

Fig. 4. (A) Viral RNA synthesis of DAL®-1 virus in control/J774/6, L*/1774/6, and 3xFLAGL*/1774/33 cells. Total RNA extracted from the virus infected-cells
(9.3 x 10* cells) was subjected to RNase protection assay as described in the text. The numbers at the top of pane! indicate hours post-infection {p.i.). Lane
P is the starting probe. (B) Synthesis of viral protein in control/J774/6, L*/J774/6, and 3xFLAGL"/J774/33 cells. The cells were infected with DAL®-1 virus
atan M.Q.1, of 10. After the infection, the cell lysates were analyzed by Westem blotting with DA mAb 2 as described in the text. The numbers at the top of

panel indicate hours p.i.
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3hp.i., reaching a plateau at 6 to 9h p.i. in L*/J774/6 cells.
The same tendency was observed in both control/J774/6 and
IxFLAGL*/J774/33 cells.

The data obtained in the L*-expressed system have con-
firmed that L* protein is essential for virus growth in J774-1
cells. In fact, GDVII strain, which does not grow in J774-1
cells (Obuchi et al., 1997), also had a rescue of the growth
activity in L*/J774/6 cells (data not shown). As described
elsewhere (Obuchi et al., 1997), DA strain infects and ac-
tively replicates in J774-1 cells, with only a minimal damage
on these cells. This property is clearly important to set the
stage for a persistent infection of DA strain in macrophages
in vivo. Therefore, DA strain may be able to maintain its
genome in macrophages in the presence of L* protein, lead-
ing to virus persistence and consequently to demyelina-
tion.

As shown in Fig. 4A and B, L* protein had no effects
on viral RNA replication and viral protein translation. These
results differ from our previous reports {Takata et al., 1998;
Obuchi et al., 1999, 2000) that suggested that L* protein prob-
ably interferes with viral RNA replication, however, only two
time-points (3 and 9h p.i.) were examined in these previous
studies. No effects of L* protein on virus attachment were
found in a previous report (Obuchi et al., 1999). As shown
in Fig. 3, the titers of cell-associated virus almost paralleled
those of cell-free virus in all cells, strongly suggesting that
the release of virions are not influenced by the presence or
the absence of L* protein. Therefore, L* protein may have
some effect(s) on the step of virion assembly. The effect of
L* protein is presumably in trans.

The formation of viral particles of picornaviruses is re-
ported to be coupled to RNA replication, both events oc-
curring on the surface of virus-induced membranous vesi-
cles found in the cytoplasm of infected cells (Blondel et al.,
1998). The poliovirus-induced vesicles are formed closely
related on the surface of intracellular membranes, such as
the endoplasmic reticulum (ER} (Suhy et al., 2000). Pro-
teins of the poliovirus replication complex, especially 2BC
and 3A, accumulate in patches on the ER. Double mem-
brane vesicles derive from the ER (Suhy et al., 2000). Mi-
crotubules are known to be closely associated with the ER
(Lodish et al., 1995). It may be that the association of L*
protein with microtubules is important in TMEV assembly
in J774-1 cells or other macrophage cell lines. Of inter-
est, the importance of L* protein to DA growth is not ob-
served in other types of cells (Obuchi et al., 1999). Some
unknown host cell factor(s) may have a key interaction with
L* protein that is important for virus growth. This may fos-
ter DA persistence in a cell key to carrying out DA-induced
demyelination. Two-hybrid system may identify this fac-
tor(s), and the study is under progress. The restricted growth
and persistence of TMEV in macrophages may be criti-
cal to the white matter disease, Therefore, the identifica-
tion of this factor(s) interacting with L* protein may clar-
ify the mechanism(s) of TMEV-induced demyelinating dis-
ease.
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