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ABSTRACT: A photo-responsive polypeptide membrane composed of poly(L-glutamic acid) 
(PGA) containing 38.3 mo!% pararosaniline leucocyanide (rose(CN)) groups in the side chains was 
prepared. The ultraviolet (UV) light irradiation could produce cationic side chains along the 
polypeptide backbone resulting from a photodissociation of rose(CN) side chains in the membrane, 
which arises an electrostatic repulsive forces among the cationic side chains. This increased 
electrostatic repulsive force destabilized the oc-helical structure of the rose(CN}-PGA in the 
membrane. As a result, the membrane functions of rose(CN)-PGA, such as membrane potential 
and transport properties, were strongly dependent on UV light irradiation_, especially, the 
permeability of KCl through the rose(CN)-PGA membrane was much increased by a factor of 16 
upon UV irradiation. The photoinduced changes of the membrane functions were reversible and 
consistent with the photoinduced conformational changes of rose(CN)-PGA membrane. 
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Photo-responsive polymeric materials are 
primary concerns in the development of infor
mation technology. Many studies of photoin
duced effects on polymers have been pub
lished, such as photochromism in polymer 
matrices, 1 photoinduced transitions of poly
mer conformation,2- 4 photo-viscosity ef
fect5 - 7 and so on. However, there are few 
studies on photoinduced changes of functions 
of polymer membranes containing photo
chromic groups incorporated as pendant 
groups in the polymer chains. 

In previous studies, we showed that the 
transport properties of polypeptide mem
branes are strongly dependent upon the back-

bone conformation of the polypeptides, e.g., 
pH-induced conformational change of poly(L
glutamic acid),8 redox-controlled conforma
tional changes of poly(L-cystein).9 Recently, 
we also reported the photo-induced conforma
tional changes of poly(L-glutamic acid) con
taining azobenzenesulfonate10 and pararos
aniline leucohydroxide moieties, 11 respective
ly, in the side chains. The conformation of 
the membrane composed of poly(L-glutamic 
acid) containing pararosaniline leucohydrox
ide moieties in the side chains was changed by 
a pH increase resulting from the photopro
duction of OH- ions from the leucohydrox
ide moieties in the membrane phase. 

* To whom correspondence should be addressed. 
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Scheme I. 

We report here the photo-control of the 
conformation and functions of a polypep
tide membrane composed of poly(L-glutamic 
acid) containing triarylmethane leucocyanide 
groups in the side chains based on the photo
dissociation of the photochromic moieties. In 
this case, the pH in the membrane phase could 
not be changed by UV irradiation, because 
the triarylmethane leucocyanide moieties were 
dissociated into triarylmethyl cations and 
CN - ions by the irradiation. Consequently, 
we examined the effects of the photo-produc
ed cationic side chains on the structure and 
functions of the polypeptide membrane. 

EXPERIMENTAL 

Materials 
Pararosaniline leucocyanide (rose(CN)) was 

prepared by the method of Calvert et al. 12 

A saturated aqueous solution containing po
tassium cyanide was added to an aqueous solu
tion containing pararosaniline hydrochroride 
(rose· HCI) at 25°C. Then the precipitated 
pararosaniline leucocyanide (rose(CN)) was 
collected and washed with distilled water. 
Rose(CN) obtained was recrystallized with 
acetone/water for several times. 
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Poly(L-glutamic acid) (PGA, M,=1.l9x 
105) was obtained by saponifying poly(y
methyl L-glutamate) (PMLG) as previously 
reported. 13 

Poly(L-glutamic acid) incorporated rose(CN) 
groups was synthesized as follows. PGA was 
dissolved in dimethylformamide (DMF) at 
0°C. Rose(CN), dicyclohexylcarbodiimide 
(DCC) and N-hydrobenzotriazole (HOBt) 
were added to the stirred DMF solution at 
0°C. After l h, the mixture was further 
stirred for 48 h at 25°C. Precipitated dicyclo
hexylcarbodiurea (DCUrea) was filtered 
out and bulk of the DMF solution was pour
ed into ethanol. Then the residue obtained 
was dissolved in DMF again and rose(CN)
PGA was precipitated with ethanol. This pro
cedure was repeated until no unreacted low 
molecular weight reagents were detected 
spectroscopically. 

The content of rose(CN) groups in 
rose(CN)-PGA determined by an elemental 
analysis was 38.3 mo!%. 

The DMF solution (2 wt%) of rose(CN)
PGA was poured onto a quartz glass plate or 
into a petri dish and evaporated at 40°C for 
one day. The membrane obtained was then 
dried in vacuo. 

Measurements 
Absorption and circular dichroism (CD) 

measurements were carried out with a JASCO 
UVIDEC 670 spectropotometer and a JASCO 
J-40C spectropolarimeter, respectively. A qua
rtz glass plate (0. 9 cm x 5 cm) coated with 
rose(CN)-PGA membrane was inserted in a 
quartz cell filled with an aqueous solution (a 
distilled water of pH 5.3). The membrane was 
set in the cell lying perpendicular to the in
cident beam in the spectroscopic apparatus. 
The thickness of the water-swollen membrane 
on the plate was 1-5 µm. The molar ellip
ticity, [0], was estimated by eq 1. 

[B]=0xMw 
d XI 

(1) 
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where 0, M w, d and I are ellipticity, residual 
molecular weight, density and membrane 
thickness, respectively. 

The cell circuit for the determination of 
membrane potentials, L\(i1¢), is represented by 

Ag· AgCllsat. KCllc1 I membrane I 
I 

c2 lsat. KCl!Ag· AgCI 
2 

where Ag· AgCI is electrode and junctions 
and 2 were connected by salt bridges. In this 
case, c1 and c2 (c1 > c2) are KC! concentrations 
and the potential of the lower KC! concen
tration (c2 ) side was taken as zero. The KC! 
concentration ratio, ciJc2 , was fixed at 10. 
Membrane potential measurements were per
formed at 25°C. 

Measurements of the permeation of KC! 
through a membrane were carried out using a 
permeation cell at 25°C. A 1.0 mo! dm - 3 aque
ous solution of KC! was introduced into one 
side of the cell and a solute free solution was 
introduced into the other side (permeated side) 
of the cell. The degree of permeation through 
the membrane was determined by measure
ment of the conductance of the solution of the 
permeated side of the cell. The KC! concen
tration of the permeated side was calculated 
from the conductance-concentration relation 
of KC!. The permeability coefficient, Ps, of 
KC! through the membrane was determined 
by eq 2. 

J xd p =--s~_ 
s Lie 

(2) 

where J,, d, and Lie are the flux of KC! through 
the membrane, membrane thickness and the 
KCl-concentration difference across the 
membrane. 

The degree of hydration of the membrane, 
H, weight fraction of water in the water
swollen membrane, was determined at 25°C. 
The membrane was allowed to swell in the 
dark and UV irradiation, respectively, blotted 
and weighed until constant weight was ob
tained, and then dried under reduced pressure. 
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H was calculated from the difference of the 
weights. 

For measurement of the degree of hy
dration, membrane potentials, and permea
bility, water-swollen membranes of 15-20 µm 
in thickness were used. 

Irradiation was carried out by a 500 W 
ultra-high-pressure mercury lamp (USHIO 
UVD-500) equipped with a Toshiba glass filter 
UVD-33S for ultra-violet light irradiation 
(250 nm< A< 380 nm). 

For all measurements, the membranes were 
kept in the dark for a few days to ensure that 
all of rose(CN) groups would be in the leu
cocyanide form at the beginning of the 
measurements. 

RESULTS AND DISCUSSION 

Photoinduced Dissociation of Triarylmethane 
Leucocyanide Groups in Rose(CN)-PGA 
Membrane 
Triarylmethane leucocyanide derivatives are 

well-known to dissociate into ion pairs under 
ultraviolet light irradiation with production of 
cyanide ions and colored triarylmethyl cations. 
The ion pairs dissociated thermally recombine 
again with each other in the dark. 14 

y 

' (§) 
x-@+@-z 

CN 

y 
I 

(§) 
x-@-~-@-z + CN' 

Figure I shows the UV-visible absorption 
spectra of the dark-adapted and irradiated 
rose(CN)-PGA membrane dipped in an aque
ous solution at pH 5.3. It is clear that the light 
irradiation produced a strong absorption band 
centered at 576 nm, which could be correlated 
with the formation of triarylmethyl cations. 
We have already shown15 that the pararos
aniline leucohydroxide (rose(OH)) moieties, 
whose pKa is 8.3, in the polypeptide mem
brane composed of PGA containing rose 
groups in the side chains (rose(OH)-PGA) 
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Figure 1. Absorption spectra of a membrane com
posed of rose(CN)-PGA at 25°C: ----, in the dark; 
~, on UV irradiation. 

could be dissociated in acid solution even in 
the dark due to the neutralization reaction. 16 

Their photodissociation could thus be 
achieved only in a limited pH region above 
neutrality. It was shown, however, that the 
pararosaniline leucocyanide (rose(CN)) moie
ties in the rose(CN)-PGA membrane did not 
dissociate in the wide range of pH in the 
dark. 17 Consequently, the photoactivity of 
rose-CN moieties was, in fact, maintained in 
the acid solution (Figure 1 ). Therefore, the 
rose(CN) moieties in the rose(CN)-PGA 
membrane could be dissociated by irradiation 
at pH 5.3, yielding triarylmethyl cations in the 
side chains. It was also shown that, after 
removal of the light, the absorption band at 
576 nm completely returned to the original 
value for ca. 15 h in the dark at 25"C. Thus, it 
was confirmed that the light irradiation is able 
to reversibly produce positive charge on the 
rose(CN) side chains along the polypeptide 
backbone, by the photodissociation of the 
photochromic moieties. 

Photoinduced Conformational Changes of 
Rose(CN)-PGA Membrane 
Figure 2 shows the changes of the CD 

spectra of the rose(CN)-PGA membrane dip
ped in aqueous solution on irradiation at pH 
5.3. In the dark, a negative band at 222 nm, 
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Figure 2. CD spectra of a membrane composed of 
rose(CN)-PGA at 25°C: ----, in the dark;~, on UV 
irradiation. 

associated with the ix-helix content, was ob
served. The helix content was calculated by a 
similar method 18 of Fasman et al. The helix 
content of rose(CN)-PGA membrane at pH 
5.3 in the dark was estimated to be 38% from 
the value of the molar ellipticity at 222 nm, 
[0lz22 . It is also clear that the light irradiation 
could decrease the negative value of [0]222 from 
-l.07x 104 to -4.40x 103 degcm2 dmo1- 1, 

indicating the further photoinduced destabili
zation of the ix-helix structure of rose(CN)
PGA membrane. We have also reported the 
photoinduced conformational change of the 
polypeptide membrane composed of rose
(OH)-PGA.15 The light irradiation on the 
rose-PGA membrane could induce changes in 
the backbone structure of the polypeptide in 
the membrane. This behavior can be explained 
in terms of the cooperative effect between the 
photodissociation of the pararosaniline leu
cohydroxide moiety with production of a 
hydroxide ion and induced acid dissociation of 
L-glutamic acid moiety accompanied by in
crease in pH in the membrane phase on the 
irradiation. In the present rose(CN)-PGA 
membrane system, however, the degree of dis
sociation of L-glutamic acid moiety is con
sidered to be insensitive to the light irra
diation, since the photodissociation of the light 
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Figure 3. (a) Changes in the molar ellipticity at 
222 nm, [0]222 , of a membrane composed of rose(CN)
PGA on UV irradiation and dark adaptation at 25°C. 
(b) Changes in the absorbance at 576 nm of the same 
membrane as (a) on UV irradiation and dark adaptation 
at 25°C. 

accepting group in the membrane, the 
rose(CN) moiety, did not induce any changes 
in pH in the membrane phase. On the other 
hand, as is noted above, the rose(CN) moiety 
itself could be dissociated into the triaryl
methyl cation by the irradiation at pH 5.3. The 
photoinduced ix-helix destabilization of the 
rose(CN)-PGA membrane at pH 5.3 (Figure 
2), therefore, can be simply attributed to the 
photoinduced increase of the electrostatic re
pulsion among the side chain triarylmethyl 
cations produced by the light irradiation. 19 It 
was also shown that, after removal of the light, 
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the [0b2 value returned to the original value 
for 15 h at 25°C (Figure 3(a)). This photoin
duced conformational transition was almost 
consistent with the changes in the absorbance 
at 576 nm in Figure 3(b )). 

Photoinduced Membrane Potential Change of 
the Rose(CN)-PGA Membrane 
Figure 4 shows the KCI-concentration de

pendence of the membrane potential, d(Ll</J), 
of the dark-adapted and irradiated rose(CN)-
PGA membrane with a KC! concentration 
gradient across the membrane of cif c2 = 10 at 
25°C. The light irradiation was carried out at 
pH 5.3. The value of the dark-adapted mem
brane potential indicates that the fixed charges 
in the membrane are positive even in the dark. 
This would be attributable to the protonated 
amino (-NH3 +) groups in the rose(CN) moie
ties of rose(CN)-PGA membrane at this pH. It 
was found that light irradiation shifted the 
membrane potentials to higher values in a wide 
range of KC! concentration. As a result, the 
membrane potential under the irradiation in 
the low concentration region was almost equal 
to the ideal Nernst Potential, which is 59 m V 
with c1/c2 = 10. The membrane potential is 
represented as the sum of diffusion potential, 
associated with the mobility of small ions in 
the membrane, and Donnan potential and 
generally given as20 

+~In (I+ -L) { 
l++L 

(3) 

where I+ and L are the mobilities of K + and 
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Figure 4. Concentration dependence of membrane potentials of a membrane composed of rose(CN)
PGA at 25°C: e, in the dark; O, on UV irradiation. 

Table I. Effects of UV irradiation on the charge 
density, </JX/K±, and transport numbers of 

K + and Cl - (t + and L, respectively) 
in a membrane composed of 

rose(CN)-PGA at 25°C 

In the dark On UV irradiation 

ef,X/K± (moW 1 ) 

I+ 

J.20 X J0- 2 

0.528 
0.472 

3.89 X 10- 2 

0.528 
0.472 /_ 

Cl - ions, respectively, in the membrane, </JX is 
the effective charge density of the membrane, 
K± is the equilibrium partition coefficient, and 
R, T, F are commonly used notations. 
Applying eq 3 to the experimental data in the 
high concentration region in Figure 4 where 
the value of </JX is assumed to be independent 
of the concentration, we can estimate the 
photoinduced changes in the charge density of 
the membrane, </JX/ K ±, and transport num
bers of K + and Cl - in the membrane, t + = r + I 
(/+ +L) and t_ =L/(l+ +L), respectively. 
The results are shown in Table I. It was found 
that irradiation additively increased the pos
itive fixed charges in the membrane, whereas 
the transport numbers were almost insensitive 
to the irradiation. The photoinduced increase 
in the membrane potential, therefore, is at-
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Figure 5. Changes in membrane potential of a mem
brane composed of rose(CN)-PGA at c1 = 1.0 x 10- 2 

moldm- 3 and c2 =1.0x 10- 3 moldm- 3 on UV irra
diation and dark adaptation at 25°C. 

tributable to the changes in the Donnan poten
tial at membrane-solution interfaces resulting 
from the photodissociation of the rose(CN) 
moieties into cationic side chains. Figure 5 
shows the changes in the membrane potentials 
of rose(CN)-PGA membrane with c1 = 1.0 x 
10- 2 and c2 =1.0x 10- 3 moldm- 3 at pH 5.3 
and at 25"C. It is clear that the membrane po-
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tential, i.e., the fixed charge density of rose
(CN)-PGA membrane, can be reversibly reg
ulated by the light irradiation. 

Photoinduced Permeability Change of the 
Rose(CN)-PGA Membrane 
Figure 6 shows the permeation curve of KC! 

through the rose(CN)-PGA membrane when 
the KC! concentration of the feed side of the 
membrane is 1.0 mo! dm - 3 at pH 5.3. It is seen 
that the permeation amount of KC! increased 
linearly with time in the dark. Moreover, when 
the membrane was irradiated, the permeation 
of the solute immediately increased. The per
meation coefficient, P,, was obtained from 
the slope of the permeation curve in Figure 6 
and eq 2 keeping the thickness of rose(CN)
PGA membrane, 17 µm in the dark, constant. 
The result is shown as a function of time in 
Figure 7(a). The value of Ps increased from 
3.51 x 10- 7 cm2 s- 1 to 5.56x 10- 6 cm2 s- 1 , 

by a factor of 16, by the light irradiation. 
Furthermore, in order to estimate a more 
accurate increase in the permeability coef
ficient associated with light irradiation, it is 
necessary to take into account the photoin
duced changes in the membrane thickness. The 
thickness of rose(CN)-PGA membrane in
creased from 17 µm to 24 µm by light irra
diation. As a result, the value of P2 under the 
light irradiation at pH 5.3 was modified to be 
7.84 x 10-6 cm2 s- 1 by applying the photoin
duce swollen membrane thickness, 24 µm, to 
eq 2. It has become apparent, therefore, that 
the value of P, increases essentially by a factor 
of 22. 

Figure 7(b) shows, on the other hand, the 
changes in the degree of hydration of the 
rose(CN)-PGA membrane on light irra
diation. The light irradiation of rose(CN)
PGA membrane produced cationic side chains 
and increased the content of hydrophilic back
bone, random coil, in the membrane, both of 
which, in turn, caused increased in the polarity 
of the membrane. In addition, it has been 
shown that the increase in the osmotic pressure 
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Figure 6. Changes in the permeability of KCI across a 
membrane composed of rose(CN)-PGA on UV irra
diation and dark adaptation at 25°C. 
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Figure 7. (a) Changes in the permeability coefficient 
of KCI, Ps, across a membrane composed of rose(CN)
PGA on UV irradiation and dark adaptation at 25°C. 
(b) Changes in the degree of hydration, H, of the same 
membrane as (a) on UV irradiation and dark adaptation 
at 25°C. 

between membrane and aqueous phase, result
ing in membrane swelling, was induced by 
light irradiation owing to the photoproduction 
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of CN- ions in the membrane phase. 17 As is 
expected, the degree of hydration of the mem
brane increased by irradiation and returned to 
its original value in the dark. Thus, possibly, 
one of the main factor for increasing the 
permeability through rose(CN)-PGA mem
brane is the increase in the free volume of the 
membrane via the photoinduced membrane 
swelling. It is also clear from Figure 7 that 
photoinduced permeability change (Figure 7(a)) 
is entirely consistent with the change in the 
degree of hydration of the membrane (Figure 
7(b)) and also with the conformational re
sponse to light in Figure 2. Therefore, it is 
concluded that the enormous increase of the 
rose(CN)-PGA membrane permeability by 
UV irradiation can be attributed to the effec
tive increase in the degree of hydration of 
the membrane resulting from conformational 
change of rose(CN)-PGA and changes in os
motic pressure by UV irradiation. 
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