Having demonstrated dark incoherent
solitons, we address several issues. First,
from earlier calculations (19) and present
experiments we find (within the parameters
explored) that the fundamental dark inco-
herent soliton requires a transverse phase
jump (discontinuity) at the center of the
dark stripe. How exactly the phase jump
survives throughput propagation is still un-
clear. Second, it is apparent that a different
theoretical approach should be pursued to
find the stationary dark incoherent soliton
solutions and their properties. Such a the-
ory should rely on the modal approach of
(16), but ineorporate radiation modes as
well as multiple guided modes. Therefore, it
seems that dark incoherent solitons, or, in a
broader sense, self-trapped dark incoherent
wavepackets, are fundamentally a new con-
cept: they resemble neither coherent dark
solitons nor incoherent bright solitons.

In conclusion, we have demonstrated
self-trapping of dark incoherent light beams.
Although we employed quasi-monochro-
matic “partially” spatially incoherent sourc-
es, our results suggest that “fully” (spatially
and temporally) incoherent dark solitons
can be generated using incoherent white-
light source. Our results provide direct evi-
dence that a self-trapped incoherent dark
beam induces a waveguide that may be used
to guide other coherent or incoherent
beams. Yet, our observations leave several
open questions. For example, how does this
incoherent beam maintain the “phase mem-
ory” throughout propagation in spite of the
random phase fluctuations? Furthermore, our
calculations (16, 19) show that the statistics
of an incoherent beam are affected by the
process of self-trapping. In particular, the
coherence length increases in a dark self-
trapped beam (inside and close to the dark
stripe). This means that dark incoherent
solitons can be used for coherence control.
It is yet an experimental challenge to ac-
tually observe this behavior. We therefore
expect that incoherent solitons will bring
about new fundamental ideas in nonlinear
science. This is especially true because
solitons are a universal phenomenon that
appears in any nonlinear dispersive system
in nature (25).
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Ultrathin Films of a Polyelectrolyte with
Layered Architecture

A. R. Esker, C. Mengel, G. Wegner*

Posttransfer modification of preformed Langmuir-Blodgett films of poly(tert-butyl
methacrylate) and poly(tert-butyl acrylate) by gaseous hydrochloric acid yields films with
layered architecture of poly(methacrylic acid) and poly(acrylic acid), respectively. X-ray
reflectivity and infrared spectroscopy confirm monolayer by monolayer transfer of the
source polymers and their transformation to acid multilayer assemblies with retention of
low surface roughnesses. The incorporation of cross-linking groups into the system
offers the possibility for further chemical modification to produce ultrathin films of model
networks desirable for bioadsorption studies and as hydrophilic spacing layers for

tethered membranes.

The Langmuir-Blodgett (LB) technique
offers the possibility to fabricate highly or-
dered films with monolayer by monolayer
control of thickness and low surface rough-
nesses (1). In addition, nearly ideal model
surfaces are obtained, the properties of
which are controlled by the chemical struc-
ture of the last layer in the transfer process.
These properties are desirable for a number
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of applications such as model surfaces for
protein adsorption, modified substrates for
supported membranes, and microelectronic
and optical devices (2—4). Unfortunately,
not all molecules, such as water-soluble
polymers, can be processed into single-com-
ponent multilayers by this technique. Ap-
propriate materials must have the proper
balance between hydrophilic and hydro-
phobic properties and also between rigid
(shape-persistent) and flexible moieties to
facilitate the formation of a stable, liquid,
crystalline-like monolayer phase at the air-
water interface (4). This balance is neces-
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sary to ensure that the film has suitable
theological properties for LB multilayer fab-
rication. Examples of materials suitable for
the use of this technique include fatty acids,
phospholipids, hairy rod polymers, and
some polymers with long hydrophobic side
chains (I-4). A more diverse set of mate-
rials such as nanoparticles, porphyrins,
phthalocyanines, oligothiophenes, proteins,
and many others form stable monolayers at
the air-water interface (I, 2, 4). Some of
these materials can be transferred to solid
substrates as LB monolayers, sometimes
even as multilayers, and many can be co-
transferred with transferable molecules to
produce composite LB multilayers. This
idea has even been used to produce com-
posite LB films containing ionically associ-
ated water-soluble polyelectrolytes and co-
polymers composed of soluble, ionizable,
and LB-transferable monomers (5-7).

The molecules that we used in this study,
poly(methacrylic acid) (PMAA) and poly-
(acrylic acid) (PAA), are too hydrophilic to
form pure LB multilayers (Fig. 1, A to C). In
order to obtain hydrophilic surfaces with
high carboxylic acid densities desirable for
models of superabsorbing polymer networks
(8), for use in bioadsorption studies (9), and
as precursors for subsequent chemical modi-
fication (7), a different approach was re-
quired. Posttransfer modification by wet, gas-

(A) Linear PtBMA  (B) Linear PtBA
and PMAA and PAA
Rz(R1ab)nR2 RA(R:sab)nﬂ.a,

(C) PtBMA and PMAA
Three Arm Stars
Rs(R1ab)nHzc CHz(R1ab)nR5
CHy(Ryab)nRs

(D) Cellulose Derivatives

ROH,C
0

O)n—

RO OR

Fig. 1. Polymers used in this study. (A) Linear
PtBMA and PMAA. (B) Linear PtBA and PAA. (C)
PtBMA and PMAA three-arm stars. (D) Cellulose
derivatives. R,, = —[CH,C(CH,)(COOC(CH,),)-
(PtBMA); R,, = —[CH,C(CH,)(COOH)}- (PMAA);
R, = —CH,(p-C4H,)CH=CH, (styryl); R, =
—{CH,CH[COOC(CH,),l}- (PtBA); R;, =
—[CH,CH(COOH)}- (PAA); R, = -CH,CH=CH, (al-
lyl); Rg = —C(C5H,;)(CgH5)(C, 4Ho) (pentyl, phenyl,
anthryl); and R is a statistical distribution of —-H
(hydroxyl), -CH,CH,CH(CH,), (isopentyl ether),
and ~COCH=CHCgH; (cinnamate ester).
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eous hydrochloric acid at room temperature
was recently used to regenerate LB films of
cellulose (10). We used a similar strategy
here. If poly(tert-butyl methacrylate) (Pt-
BMA) and poly(tert-butyl acrylate) (PtBA)
are used as the precursor molecules, films of
PMAA and PAA can be obtained through
the elimination of gaseous isobutene under
acidic hydrolysis conditions (Fig. 2). In con-
trast to the regeneration of cellulose hydrox-
yl groups (10), this process leads to the re-
generation of carboxylic acid groups and
hence a polyelectrolyte with different surface
properties and chemical reactivity.

The first step is necessarily the formation
of stable monolayers at the air-water inter-
face (Fig. 2A). In the case of PtBMA, this
behavior is already well known through
monolayer studies of its isotherms, surface
rtheology, and dynamics (11, 12). For PtBA,
isotherm studies also exist (11). For the sam-
ples studied here (13), the only significant
difference between PtBMA and PtBA is an
increase in the transition surface pressure for
PtBA (IT ~ 4 mN m™!) between an expand-
ed and a condensed surface film compared
with PtBMA (IT < 1 mN m™1). This differ-
ence is presumably a consequence of the
missing methyl groups on the PtBA polymer
backbone, which leads to increased film hy-
drophilicity and an attendant increase in the
amount of water adsorbed to the film. This
increased adsorption causes greater disrup-
tion of water’s structure in the expanded
regime of the PtBA isotherm (lowering the

(A) Formation of Stable Monolayers
} } Air

PtBMA or PtBA : _‘Water'

(B) Multilayer Assemblies by LB-Transfer

A e —

=18 A

Double Layer
Spacing

e e e T e

350 id Substrai%

(C) Hydrolysis (D) Cross-linking

==
46 A

er
¥Solid Substratell ayer BSoiid Substrateff

Fig. 2. Schematic depiction of the major steps in
the LB approach for fabricating model networks in
the form of ultrathin layers from PtBMA and PtBA.
Confinement of the polymers at the air-water in-
terface leads to a nearly two-dimensional confor-
mation in which the tert-butyl groups (+) are pref-
erentially oriented away from the aqueous sub-
phase (A). In the case of PtBA, this leads to a
double-layer structure as depicted in (B). Elimina-
tion of the tert-butyl groups (C) and photo—cross-
linking (D) leads to PMAA or PAA films as polyelec-
trolytes. For this study, IPCC was added to the
films at (A) to form network structures.

surface tension) and can also act as a plasti-
cizer, making the film more flexible.

The second step (Fig. 2B), LB transfer of
the materials, is related to the isotherm.
PtBMA undergoes LB transfer (3). In this
study, monodisperse three-arm PtBMA stars
(Fig. 1C) were found to have isotherms sim-
ilar to those of linear PtBMA of comparable
molecular weight and to undergo quantita-
tive LB transfer, as does PtBA (14). In both
cases, the transfer proceeds by vertical Y-
type deposition, in which one monolayer is
transferred on each up and down stroke of
the substrate. This behavior has been con-
firmed by x-ray reflectivity (15). In the re-
flectivity profiles for both PC(BMA and PtBA
(Fig. 3), the most significant difference is the
presence of a well-defined Bragg peak for
PtBA at a wave vector around g ~ 0.35 AL
which confirms the =18 A double-layer
structure depicted in Fig. 2B. Bragg peaks are
observed for PtBA samples of sufficient lay-
ers (=~30) if the root-mean-square rough-
ness of the substrate is sufficiently low (o, <
~7 A). This behavior was not seen for Pt-
BMA, which suggests that the methyl groups
along the backbone alter the packing char-
acteristics significantly. This interpretation
is also supported by the relation between the
film thickness, D, and the number of layers

15
10
5

15
10} 4

l.q* (arbitrary units)

1 L ol 1
0.20 ; 0.30 0.40
q (A7)

Fig. 3. Representative x-ray reflectivity profiles
showing the scaled intensity (/ - g%) as a function of
the wave vector obtained from LB films (30 layers).
The symbols and dashed lines represent the ex-
perimental data and background, respectively,
and the solid lines represent the fitted curves ac-
cording to the established procedure (15). The
relevant surface parameters for the curves (elec-
tron density in per electron per cubic angstrom)
and D, o, and o, in angstroms) are as follows:
PtBMA (0.33, 287, 5, 5); PMAA (0.34, 178, 5, 5);
PtBA (0.30, 271, 4, 4); and PAA(0.36, 165, 6, 4).
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obtained from fitting reflectivity profiles
(Fig. 4). The linear relation confirms mono-
layer by monolayer transfer, with the slope
providing the thickness of a single monolay-
er. For PtBMA, the thickness per layer and
the transfer area can be used to calculate the
film density, p = 1.00 g cm ™3, a value that is
in excellent agreement with the bulk value
of p=1.02 gcm™> (16). In contrast, PtBA’s
calculated density, p = 0.91 g em™3, is sig-
nificantly lower than the bulk density of p =
1.00 g cm™> (16). These values imply that
PtBMA has similar packing at both the air-
water interface and in the bulk. In contrast,
the absence of the methyl group allows PtBA
to significantly alter its conformation in such
a way that all of the hydrophobic tert-butyl
side groups at the air-water interface can be
oriented away from the surface (Fig. 2). This
is consistent with both the decreased density
and the observed double-layer structure.

At this point, the scheme presented in
Fig. 2 offers some flexibility.- As presented,
hydrolysis precedes cross-linking (Fig. 2C).
In practice, these steps are interchangeable.
For this study, hydrolysis has been the pri-
mary focus. Capitalizing on the ability to
eliminate gaseous isobutene from tert-butyl
esters, we subjected LB films of PtBMA and
PtBA to 6-hour treatments with wet gas-
eous hydrochloric acid at 60°C. Reflectivity
profiles (Fig. 3) show that the elimination
of tert-butyl groups proceeds without signif-
icantly increasing the film’s surface rough-
ness, o Linear relations between the
thickness of the PMAA and PAA films and
the number of layers originally deposited
(Fig. 4) suggest that, even though the dou-
ble-layer structure is destroyed, the layered
structure may not be lost. This would also
be consistent with the prohibitive effect the
high glass transition temperatures of the
transferred and hydrolyzed species (16)
would have on the molecular mobility re-

1000F— ; ; .
8001
~ 600
ol r
o 400,-

.3

L 1
20 40 60 80
Number of Layers

Fig. 4. The dependence of the film thickness on
the number of layers for PtBMA (@), PtBA (A),
PMAA (O), and PAA (). Thicknesses per layer
obtained from the slopes with =95% confidence
intervalsare 10.3 = 0.5,8.9 + 0.2,6.0 £ 0.3, and
4.0 = 0.4 A, respectively.
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quired for changes in polymer conformation
from two- to three-dimensional structures
and the absence of significantly rougher
surfaces or dewetting which would be ex-
pected to accompany such a process. From
the transfer conditions and the new thick-
nesses, densities for PMAA and PAA films
can be estimated as p = 1.05 and 1.14 g
cm ™3, respectively. In addition to x-ray re-
flectivity, we used infrared spectroscopy to
confirm the elimination of the tert-butyl
groups and transformation to the desired
acid monolayers (17). In the infrared spec-
trum for PMAA, changes in the carbonyl
and C-O stretch along with the growth of a
broad hydroxyl stretch are consistent with
the hydrolysis of PtBMA and PMAA exist-
ing primarily as acid dimer (Fig. 5). From
the thickness measurements, the elimina-
tion of the tert-butyl groups appears to be
complete.

If we return to the scheme in Fig. 2, the
next important step is the ability to form
“network” structures. Feasibility studies with
mixed films of isopentylcellulose cinnamate
(IPCC) and linear a,w-p-vinylbenzyl-func-
tionalized PtBMA verified that this is possi-
ble (13). The cross-linking was photoin-
duced by 254-nm ultraviolet light (18) (Fig.
2D). In addition to the expected photoaddi-
tion, other reactions are possible. When
molecules containing olefinic bonds are
present, photoinduced cross-linking involv-
ing these moieties is observed. For mixtures
of IPCC with noncross-linkable isopentyl
cellulose (IPC), the thickness of cross-linked
films after extraction of noncross-linkable
material by chloroform follows a simple re-
lation with the IPCC mole fraction, Dy, =
Xpee * Diniiar (19). For the systems studied
here, Dy, is significantly smaller than the
observed thicknesses, indicating that Pt-
BMA is incorporated into insoluble network
structures. Subsequent treatment with hy-
drochloric acid as above converts the incor-
porated PtBMA to PMAA. For small
amounts of PtBMA, the effect on the surface
roughness is small. However, for large

amounts of PtBMA, there are an insufficient
number of cross-linking groups to form well-
defined networks. Thus, significant amounts
of PtBMA are also extracted from the film.
For this system, the practical limit is about
~60% PtBMA, which gives films that are
~70% of the original thickness after chloro-
form extraction.

The well-defined films of PMAA and
PAA that we have been prepared by post-
transfer modification of PtBMA and PtBA
precursor LB films are potential precursors for
supramolecular chemistry at surfaces. Ongo-
ing work is focusing on the incorporation of
photo—cross-linkable groups into the precur-
sor polymers and further chemical derivatiza-
tion of these films. These studies will differ
significantly from other studies on polyelec-
trolyte thin films that are made up of alter-
nating layers of oppositely charged species
through self-assembly processes (20). Poly-
electrolyte films obtained from LB precursors
offer subnanometer control of thickness (sin-
gle monomer increments) and roughness and
the possibility of locking in two-dimensional
polymer conformations through cross-linking
for a single chemical species without sacrific-
ing any ionizable functional groups to inter-
molecular interactions.

In contrast, films generated from and
held together by alternating layers of oppo-
sitely charged polyelectrolytes offer only
nanoscale control of thickness (molecule
versus monomer-thick layers) and require at
least two unique chemical species (20).
However, this later process does not require
special equipment or have as many sub-
strate restrictions as the LB technique and
may be preferable when the greater order
inherent in LB films is not required. Poly-
electrolytes obtained from precursor LB
films are also different from other thin film
assemblies based on PAA such as grafted
systems (21), complexation to LB films (6),
and LB films of copolymers (7) for similar
reasons. Moreover, the possibility of retain-
ing the two-dimensional conformation of

PMAA and PAA after hydrolysis by first

T T T

Fig. 5. IR spectra for LB fims of
PtBMA and PMAA. Hydrolysis of
PtBMA leads to a shift in the car-
bonyl stretch from 1723 to 1700
cm~', attenuation of the C-O
stretch at 1140 cm~", and the
growth of a broad hydroxyl stretch
at around 3400 cm™1, consistent
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cross-linking the material makes it possible
to assemble composite structures that differ
by as little as a single monolayer (one
monomer thick). In addition to uses as
models of superabsorbing polymer networks
(8) and in bioadsorption studies (9), these
materials should be ideal for the flexible
hydrophilic spacing layers needed between
supported bilayers and solid substrates for
biologically relevant studies of the physical
properties of membranes (22).
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The Biochemical Basis of an All-or-None Cell
Fate Switch in Xenopus Oocytes

James E. Ferrell Jr.* and Eric M. Machleder

Xenopus oocytes convert a continuously variable stimulus, the concentration of the
maturation-inducing hormone progesterone, into an all-or-none biological response—
oocyte maturation. Here evidence is presented that the all-or-none character of the
response is generated by the mitogen-activated protein kinase (MAPK) cascade. Anal-
ysis of individual oocytes showed that the response of MAPK to progesterone or Mos
was equivalent to that of a cooperative enzyme with a Hill coefficient of at least 35, more
than 10 times the Hill coefficient for the binding of oxygen to hemoglobin. The response
can be accounted for by the intrinsic ultrasensitivity of the oocyte’s MAPK cascade and
a positive feedback loop in which the cascade is embedded. These findings provide a
biochemical rationale for the all-or-none character of this cell fate switch.

Fully grown Xenopus laevis oocytes are ar-
rested in a state that resembles the G, phase
of the cell division cycle with inactive cy-
clin-dependent kinase Cdc2 and an intact
germinal vesicle. Exposure to the hormone
progesterone induces oocytes to undergo
maturation, during which they activate
Cdc2, undergo germinal vesicle breakdown,
complete the first meiotic division, and fi-
nally arrest in metaphase of meiosis 2 (I).
Qocyte maturation is an example of a true
cell fate switch; oocytes can reside in either
the G, arrest or the metaphase arrest state
for extended periods of time, but can be in
intermediate states only transiently.
Progesterone-induced — maturation  is
thought to be triggered by activation of a
cascade of protein kinases—Mos, Mek-1,
and p42 or Erk2 MAP kinase (MAPK).

Progesterone causes the accumulation of
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Mos, which phosphorylates and activates
Mek-1. Active Mek-1 in turn phospho-
rylates and activates p42 MAPK, which
brings about activation of the Cdc2—cyclin
B complex. Interfering with the accumula-
tion of Mos (2) or the activation of Mek-1
(3) or p42 MAPK (4) inhibits progester-
one-induced activation of Cdc2 and matu-
ration, and microinjection of nondegrad-
able Mos (5), constitutively active Mek-1
(4, 6), or thiophosphorylated p42 MAPK
(7) brings about Cdc2 activation and mat-
uration in the absence of progesterone. At
some point in this chain of events, a con-
tinuously variable stimulus—the progester-
one concentration—is converted into an
all-or-none biological response.

Studies of the steady-state responses of
the MAPK cascade in Xenopus oocyte ex-
tracts indicate that the cascade might con-
tribute to the all-or-none character of oo-
cyte maturation. In extracts, the response of
MAPK to recombinant malE-Mos (a mal-
tose-binding protein Mos fusion protein) is
highly ultrasensitive (8), meaning it resem-
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