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of pyrene groups. A very strong hypochromic effect sug- 
gests that in these species the pyrenes are stacked face- 
to-face. 
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ABSTRACT: The binding of sodium myristate to amylose has been studied by a surface tension method. 
Surface tensions of myristate solutions were compared with those of systems containing amylose. Slow adsorption 
of amylose-myristate complex at the air-water interface has rendered possible the use of surface tension for 
estimating mean activities of sodium myristate in the presence of amylose and the construction of a binding 
isotherm. Information has also been gained on the “surface activity” of complexes. Comparison of the isotherm 
with optical rotation studies has revealed that a relatively low level of binding can fully induce a conformational 
transition in the amylose to a helical state. Moreover, this state remains unaffected by the subsequent binding 
at free myristate approaching the critical micelle concentration. Optical rotation studies together with 
measurements of surface activity of the complex provide supportive evidence for more than one type of binding 
process. A cooperative mode of binding is inferred for low free myristate with selective binding to  the helical 
conformer. The cooperative constants and saturation binding for this mode, estimated on linear Ising theory, 
conform to a model of interrupted but extensive end-to-end packing of extended myristate molecules in the 
cavity of an amylose helix with six residues per turn. The secondary binding is also cooperative, reflecting 
lateral hydrophobic attraction between adsorbed myristate molecules and free energies of binding approaching 
that of micellization. 

1. Introduction 
Amylose can interact strongly with many polar and 

nonpolar compounds, including lipids and  emulsifier^.'-^ 
At the level of secondary structure, the interaction is be- 
lieved to involve complexed lipid molecules located within 
single-helical conformations of the amylose. There is 
strong evidence for this picture from X-ray diffraction 
studies in the solid state”‘ and also complementary sup- 
port from structural studies on aqueous solutions.&1° 

Research on amylose-lipid interactions has been di- 
rected mainly to the structure of the complexes and less 
to their thermodynamic properties. Differential scanning 
~alorimet#J~-’~ has been used to characterize the melting 
of complexes. However, there are only a few quantitative 
studies on the binding of lipid molecules to the amylose.14J5 
Free energies of amylose-lipid interactions are thus largely 
uncharacterized, and their full scope may not be fully 
appreciated. 

The subject of this paper is the measurement of binding 
of sodium myristate to amylose. The conditions chosen 
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closely match those of earlier structural studiesgJO on the 
conformational behavior of amylose-myristate systems by 
optical rotation and NMR methods. 

The present objective of complementing studies of 
secondary structure with thermodynamic measurements 
has dictated the choice of systems dilute in amylose. 
Adsorption studies are then not straightforward (in the 
absence of an established myristate-specific potentiometric 
method) because of the enhanced difficulty of separating 
amylose-myristate complex from its surrounding solution 
and competing adsorption of myristate onto glassware, 
dialysis tubing, etc. It was found that a surface tension 
method could be utilized, providing information not only 
on the binding of myristate to amylose but also on the 
surface activity of the complexes formed. 

2. Experimental Section 
Lipid-free amylose (type 111, DP = 970) was obtained from 

Sigma Chemical Co. Ltd. Sodium myristate was prepared from 
pure myristic acid (BDH) by refluxing with excess sodium hy- 
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centration at the onset of the lower plateau region are in 
line with values reported for similar systems,l9 the former 
indicating a packing density of myristate a t  the air-water 
interface of 50-100 A2/head group, and the latter a critical 
micelle concentration (cmc) of (1.8 f 0.3) X mol-kg-’. 

We were unable to detect dynamic surface tension ef- 
fects for myristate solutions in the absence of amylose 
(curve I). Even at the lowest levels of myristate, the times 
for relaxation of dynamic states to the equilibrium tension 
were less than the measurement time (approximately 10 
s), to which we were constrained by the need to achieve 
stable positioning of the plate in the trough. A pronounced 
time dependence, on the scale of minutes to hours, could 
be observed when amylose and myristate were jointly 
present. This is depicted by curves I1 and 111, the first 
representing measured “initial” dynamic tensions for 
freshly generated surfaces, and the second the corre- 
sponding “equilibrium” tensions established at  long times. 
Our experience with myristate alone and kinetic studies 
of dynamic tensions for aqueous surfactant systemsz0Pz1 
permit the conclusion that free surfactant monomer, a t  all 
the concentrations studied, is fully equilibrated in times 
less than 10 s. The slow time dependence in the presence 
of the amylose implicates the biopolymer in a process of 
slow adsorption at either or both the airsolution and metal 
plate-solution interface. At both ends of the range of 
myristate studied, curves I1 and I11 concur; this indicates 
that amylose on its own is only weakly surface active but 
that binding mediates its surface activity in a manner 
showing a maximum at an intermediate myristate con- 
centration. 

The observed “initial” tensions are intermediate as op- 
posed to pure dynamic tensions20 and as such might be 
expected to be difficult to interpret. However, amylose- 
myristate complex and free myristate achieve interfacial 
equilibration on widely different time scales. Therefore, 
the measured initial tensions are reasonably representative 
of an idealized surface phase that behaves as though it were 
in equilibrium with only the myristate in the bulk solution 
and not the polymer; moreover, a t  the initial stage at ca. 
10 s, the concentration of amylose at  the surface is very 
low and its contribution to the dynamic tension can be 
ignored. Kinetic factors thus create an intermediate but 
easily measured condition of virtual separation of myristate 
from amylose. Quantitative support for this conclusion 
derives from estimates of upper bounds for diffusion rates 
of myristate and amylose to the interface? 

(1) 
Here, t is the time for adsorption of n molecules per unit 
area of surface, c is the bulk concentration of the adsorbing 
molecules, and D is their diffusion coefficient. Reasonable 
estimates for D are respectively 5 X and 3 X lo-” 
m 2 d  for myristate and amylose. To achieve a reciprocal 
adsorption density of 200 A2/molecule (ca. 10 dynecm-l 
change in surface tension) takes ca. 1 ms at  the cmc and 
10 s at the lowest free myristate studied; for amylose (at 
0.1%) the predicted shortest time is of order lo3 s. 

The above establishes confidence in “initial” tensions 
providing an approximate probe for the mean thermody- 
namic activity of sodium myristate in bulk solution in the 
presence of amylose. Moreover, from the comparison 
between curves I and I1 we can construct an isotherm for 
the thermodynamic binding of sodium myristate to the 
amylose. This is shown in Figure 2, where N represents 
the adsorption of myristate and cf is its free equilibrium 
concentration. In the construction of this isotherm, each 
set of surface tension data in Figure 1 was first smoothed 
on the basis of a Gompertz sigmoidal curve fit. 

t = 6.9 x 10-43~n2/ (3~)  
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Figure 1. Surface tension of myristate-amylose systems (no 
added salt, 45 “C, MezSO at 2.5% and amylose at 0.1% (w/v)): 
curve I, myristate in the absence of amylose; curves I1 and 111, 
myristate in the presence of amylose at 0.1%. Curve 11 represents 
initial tensions at ca. 10 s, and curve I11 equilibrium tensions at 
long times; full lines are best fits to data according to a Gompertz 
sigmoidal representation. Abscissa, log ct (total myristate ct in 
units of molkg-’); ordinate, y (surface tension in units of dymcm-’). 

&oxide followed by precipitation in ethanol and repeated washing 
with ethanol and finally washing with diethyl ether. 

Amylose was first dissolved in hot dimethyl sulfoxide (Me,SO) 
to give a 4% (w/v) solution and then diluted with boiling water 
to 0.2% (w/v) amylose and 5% (w/v) MeaO. Initial dissolution 
in the good solvent Mea0 ensured a reasonably stable, disordered 
conformational state for the amylose with slow retrogradation 
kinetics.l6 Sodium myristate solutions were maintained at 45 “C 
and used within a few hours of preparation. Aliquots of amylose 
stock were mixed with myristate solutions at 45 “C. All the 
mixtures had the same concentrations of amylose and Me,SO, 
respectively 0.1% and 2.5% (w/v). The measured pH of the 
mixtures was always greater than 7, typically 8.5, indicating a large 
excess of myristate over myristic acid and consistent with esti- 
mates on the basis of its pK of 4.9.’’ The systems investigated 
were free of supporting electrolyte. 

Optical rotation was measured at 365, 436, 546, and 578 nm 
on a Perkin-Elmer 241 polarimeter, using 10-cm cells thermostated 
at 45 “C. The value of specific rotation at the sodium D line was 
inferred from a standard Drude plot. 

For the surface tension studies, a Wilhelmy plate methodl8 was 
utilized. The rectangular plate (0.026 cm wide and 2.5 cm long) 
was made of stainless steel and was extensively acid washed and 
rinsed with triple-distilled water prior to use. The plate was 
immersed to a depth of ca. 1 cm at the air-water interface of 
amylose-myristate mixtures in a surface tension trough at 45 “C. 

A calibration was first established for the dependence of the 
surface tension of myristate solutions on concentration; this was 
done in the absence of amylose but in the presence of MezSO at 
a constant level of 2.5% (w/v). Corresponding measurements 
on myristate solutions in the presence of amylose, at 0.1 % , and 
correspondingly MezSO at 2.5%, were then compared with the 
above calibration for myristate alone. The difference in the two 
sets of results was interpreted on the basis of binding of the 
myristate to the amylose. To establish confidence in this pro- 
cedure it was necessary to investigate the time dependence of the 
surface tension force acting on the Wilhelmy plate. Amylose- 
myristate systems were found to display dynamic surface tension 
effects of unusually slow kinetics, on the scale of minutes to hours, 
amenable therefore to simple study. The following general 
procedure was adopted: amylose-myristate mixtures were 
equilibrated at 45 “C prior to transfer to the surface tension trough 
at the same temperature, the Wilhelmy plate was immersed as 
soon as possible after the creation of fresh air-liquid interface, 
and the changes in surface tension were monitored for ca. 1 h from 
an initial state of freshly generated surface. 
3. Results and Discussion 

Figure 1 illustrates the dependence of measured surface 
tensions on the total concentration of myristate (cJ. For 
myristate in the absence of amylose (curve I), the slope 
of the approximately linear part and the myristate con- 
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Figure 2. Binding isotherm of myristate to amylose (no added 
salt, 45 "C, Me2S0 at 2.5% and amylose at 0.1% (w/v)). The 
isotherm is constructed on the basis of the smoothed curves in 
Figure 1; error bounds indicated. Abscissa, log cf (free myristate 
in units of molskg-l); ordinate, N (grams of sodium myristate 
adsorbed per gram of amylose). 

180 
Some further comments on our experimental approach 

are in order. The sufrace tension force on the Wilhelmy 
plate varies as y cos 8, where y is the surface tension a t  
the air-solution interface and 8 is the angle of contact of 
the test solution on the plate. I t  was ascertained that 
myristate solutions fully wetted the plate (8 = 0") at all 
concentrations. In the presence of amylose, the plates 
became hydrophobed on prolonged immersion in the so- 
lutions; subsequent wetting with water was not possible 
even in the case of a large excess of myristate over amylose 
in the original solutions. Clean plates when dipped 
through fully aged surfaces immediately experienced a 
constant surface tension force. In all the systems studied, 
the magnitude of this force was the same as the equilib- 
rium value for plates that had been in contact with the 
solution throughout the aging process. The inference is 
that there can be significant adsorption of complex on the 
plate and a substantial lowering of its surface energy. 
However, aging also decreases the air-solution interfacial 
energy to an extent sufficient to maintain adequate wetting 
(8 = Oo) of the plate throughout the aging process. 

The binding isotherm in Figure 2 indicates cooperativity. 
Measurements of optical rotary power are shown in Figure 
3; the comparison with the isotherm is brought out in 
Figure 4 and reveals that the change in specific rotation 
is fully developed at low free myristate far removed from 
the cmc. One can infer that an initial adsorption step 
induces a change of secondary structure in the amylose. 
This change, to presumably a fully developed helical state, 
requires only a low level of adsorption and is insensitive 
to subsequent binding. 

Our studies of the optical rotary behavior of amylose22 
in the presence of a range of fatty carboxylates (Cll to C18) 
have shown the general behavior of a lower plateau region 
at high carboxylate, as, for example, in Figure 3. Moreover, 
the plateau value is independent of chain length.10.22 This 
suggests that binding of carboxylate induces a particular 
conformational change in the amylose; chain length and 
concentration of adsorbate determine only the extent but 
not the nature of the transition. The fractional change in 
optical rotation, ([c& - [ a ] D ) / ( [ a w ] D  - [cUp])D), relative 
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Figure 4. Comparison between binding and optical rotation for 
amylose-myristate (no added salt, 45 "C, Me2S0 at 2.5% and 
amylose at 0.1% (w/v)): full line, binding isotherm; data points, 
measured optical rotations. Abscissa, log cf (free myristate in unta 
of mol-kg-'); ordinate (left), N (grams of sodium myristate ad- 
sorbed per gram of amylose); ordinate (right), [a]D (specific ro- 
tation in mdeg). 

to the value in water ([awlD = 186 mdeg) and the plateau 
value at high myristate ([aPID = 103 mdeg), is taken as an 
approximate linear measure of fractional helical content 
f H  of the chain. An implicit assumption here is the absence 
of significant helical content in myristate-free amylose. 
Although it  is held that amylose has some pseudohelical 
character (see ref 16 and references therein), this is likely 
to be small, particularly at 45 "C. Moreover, such helical 
features appear inconsequential for optical rotation, unlike 
the pronounced effects observed for ordered amylose-am- 
phiphile  conformation^.^ Comparison with the isotherm, 
in Figure 5 ,  reveals a region, at low free myristate, over 
which helical content and adsorption level appear in 
one-to-one correspondence. This is consistent with the 
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Figure 6. "Surface activity" (from difference between smoothed 
curves I1 and I11 in Figure 1) of amylose-myristate complexes 
compared with optical rotation behavior (no added salt, 45 "C, 
Me80 at 2.5% and amylose at 0.1% (w/v)). Abscissa, log ct (total 
myristate ct in units of molmkg-'); ordinate (left), (711 - ~ ! I I )  (in 
units of dynscm-l); ordinate (right): [aID (specific rotation in 
mdeg). 

model of cooperative, single-mode adsorptionz7 proved 
successful only a t  low free SDS, and the observed dis- 
crepancy between theory and experiment at higher SDS 
was disregarded on grounds of poor reliability of the 
measurements. The possibility of additional modes of 
adsorption was not considered. With myristate, we find 
clear evidence, independent of adsorption measurements, 
for at  least two types of process. As can be seen in Figure 
6, the surface activity of complexed amylose, as represented 
by the difference between measured initial and final ten- 
sions) curves I1 and I11 in Figure l ) ,  has a point of in- 
flection and decreases past the stage of completion of the 
conformational transition; the presence of a maximum and 
the decrease in surface activity at  higher myristate ap- 
proaching the cmc are suggesting secondary interaction of 
the complex with amphiphile. 

It is apparent from Figure 2 that positive cooperativity 
is a feature also of the binding process near the cmc. This 
is likely to be due to attractive hydrophobic interactions 
between bound surfactant molecules. Such behavior is 
commonly observedz8 and sometimes fitted to models of 
cooperative binding to a rigid lattice. The linear Ising 
model for binding to a rigid lattice is mathematically 
isomorphous with that for a polymer undergoing confor- 
mational change as a result of selective binding to one of 
its conformers. The formalism of eq 2 therefore applies, 
with u now specifically representing the cooperative con- 
stant for lateral aggregation of adsorbed molecules on the 
lattice. Constancy in optical rotation, observed for cf > 
3 x mol-kg-l (Figure 4), justifies the assumption of 
conformational rigidity in the adsorbent. If we assert that 
the isotherm can be represented by only two, uncoupled 
binding modes and fit eq 2 to the region of secondary 
adsorption near the cmc (cf > 5 X loa mol-kg-' in Figure 
2), we obtain the values K = (2.1 f 0.6) X loz mol-l-kg, Ku 
= (1.2 f 0.2) x IO3 mol-l-kg, and u in the range 4-9. The 
considerable uncertainty in these estimates reflects the low 
reliability of measurements close to the cmc; the attempted 
least-squares fit to a linear Ising model was confined to 
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data in the narrow range of cf of 5 X 
mol-kg-l. On the basis of the shape of the isotherm, this 
range appears to correspond to a region in the lower half 
of the cooperative transition, approaching and possibly 
extending beyond the midpoint. In the absence of data 
near saturation, the fitted estimate of the position of the 
midpoint is uncertain, in the range 7 X 
mol-kg-l. The corresponding estimate of saturation binding 
of this secondary mode is similarly uncertain, in the range 
N = 1-2 gg-’. Despite the poor definition of the isotherm 
in the cooperative region of the second process, we have 
attempted the linear Ising representation to  provide a 
convenient, albeit approximate comparison with the first 
mode. It is relevant here also to note that there are reasons 
to doubt the adequacy of the uncoupled-two-mode model, 
which would suggest substantially lower than observed 
binding for the midrange of myristate concentrations. 
Improved theoretical representation of the isotherm could 
derive from inclusion of the concept of positive coupling 
between the two modes, alternatively and more probably 
from an allowance for charge effects expressed through 
variable counterion binding (see later). We have not at- 
tempted this for lack of sufficient quality in our data and 
specific information on counterion binding. Notwith- 
standing the above reservations, however, our data clearly 
permit the conclusion that there are a t  least two modes; 
both display cooperative features, and their binding con- 
stants are widely separated. The first is strongly adsorp- 
tive and responsible for changing the conformational state 
of the amylose. Its state of saturation corresponds to  a 
much lower binding ( N  = 0.09 gg-’) than that inferred for 
the second step ( N  = 1-2 g-g-’). The standard free energy 
change of transfer of myristate from the bulk solution to 
the amylose-myristate environment is given by -k T In 
(Ku) and is equal to -12.7kT for the first mode and -7.1 
kT for the second. The latter value is close to the inferred 
standard free energy change for micellization of myristate 
(kT In (cmc) = -6.4kT), indicating conditions of hydro- 
phobic interaction approaching those in a micellar envi- 
ronment. 

It is useful to comment further here on our choice of 
“initial” rather than “equilibrium” tensions (respectively 
curves I1 and I11 in Figure 1) in the construction of the 
binding isotherm in Figure 2. Prior to each measurement 
of tension the amylose-myristate mixtures had been al- 
lowed to equilibrate fully; the subsequent time effects in 
measured surface tensions are associated with the relatively 
slow transport of complex to the air-water interface. As 
these effects are completely reproduced in magnitude and 
time scale whenever a fresh interface is drawn above the 
preequilibrated solution, the possibility of slow kinetics 
of complex formation in bulk solution having influenced 
our measurements can be discounted. Moreover, we were 
unable to observe time effects in the optical rotation of 
amylose-myristate mixtures within a time frame of 10 min 
to 24 h. The preequilibration period in the surface tension 
studies was typically 8 h. As argued in section 2, the initial 
tensions represent the adsorption effectively only of the 
surfactant monomer and therefore directly its thermody- 
namic activity whereas the equilibrium values reflect the 
additional presence of complex in the interface and not 
obviously therefore the monomer activity. Although it is 
not appropriate therefore to use curve I11 in the con- 
struction of the isotherm, it is worth pointing out that had 
we done so our conclusions about the first mode would not 
be significantly affected; moreover, secondary binding 
would still be indicated but at a lower level in the midrange 
of free myristate concentrations. 

to 8 X 

to 1 X 
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Equation 2 provides a convenient representation of gross 
features of the binding behavior. Charge effects arising 
from variable counterion binding29 or differences in degree 
of hydrolysis between adsorbed and bulk myristate are 
implicitly ignored here. The surface tension method 
purports to provide information equivalent to that of a 
dialysis experiment, namely the dependence on concen- 
tration of the mean thermodynamic activity of the neutral 
surfactant salt in the presence of the polymer. As de- 
scribed in ref 29 this provides information strictly only on 
the “thermodynamic binding” of the neutral salt and not 
specifically of the myristate ion unless assumptions are 
made about counterion binding. Variation in the latter 
with extent of binding of the myristate is to be expected. 
In the region of the first mode, the development of surface 
charge on the amylose is likely to manifest itself in only 
minor electrostatic contributions to the interactions of 
myristate with the polymer and other adsorbed myristate 
molecules. Then the use of the Ising model with the as- 
sumption of effectively zero electrostatic potential of the 
polymer is probably justified. On the other hand, at  high 
myristate the electric potential of the polymer is likely to 
be considerable and cannot be neglected. Counterion 
conden~at ion~*~’ will then be a controlling factor such that 
the electric potential of the polymer complex is maintained 
at  a high but approximately constant value.31 If this is 
so, the simple Ising formalism is still applicable but the 
binding parameters now refer to a nonzero reference po- 
tential. I t  follows that the extrapolation of our Ising 
representation of binding a t  high myristate is expected to 
underestimate the binding in the midrange of the isotherm 
as the electric potential decreases. This would be con- 
sistent with the behavior already noted. 

We have not allowed for any specific effects arising from 
the additional component MezSO maintained in all the 
experiments a t  constant molality rather than constant 
chemical potential. Effects due to this were considered 
slight; the direct contribution of Me2S0 (at 2.5%) to the 
air-water interfacial tension is less than 0.5 dyn-cm-l. 

Complete saturation, 0 = 1, of the mode responsible for 
the conformational transition requires a level of adsorption 
N = 0.09 g-g-l. This corresponds to 0.06 molecule of 
myristate per anhydrous glucose residue and an average 
helical length of 22 A available to each myristate molecule 
in a helical structure with six residues per turn.7 The fully 
extended length of myristate is 20 A (including the coun- 
terion); the optimal length, taking account of end-to-end 
configurational energy, is ca. 16 A.30 It is apparent that 
the observed behavior would not be not inconsistent with 
a model of extensive end-to-end packing of extended 
myristate molecules in the cavity of a sixfold helix. The 
possibility of helices with more than six residues per turn, 
binding myristate in less extended configurations, cannot 
be discounted. However, evidence from X-ray studies and 
the observed lack of sensitivity of the helical structure to 
the substantial secondary binding make this less likely. 
Finally, on the basis of the low cooperativity u = 20 we 
should expect short helical sequences with frequent in- 
terruptions. The average cluster length m, in units of 
adsorbed myristate molecules, is given by 

A = ~ P ( u  - 1)/{[4@(1 - P ) ( u  - 1) + 1]’/* - 1) (3) 

At @ = 0.5, m is ca. 5 ,  corresponding to a helical length of 
100 A. Recent structural studies’ suggest folding lengths 
of this order in typical lamellae of packed helices of 
amylose complexes. 
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ABSTRACT: The complexes formed between copper(I1) and a polymeric ligand derived from L-asparagine, 
poly(N-methacryloyl-L-asparagine) (PNMAsn), have been investigated by potentiometric titration, electronic 
spectroscopy, and circular dichroism. N-Isobutyroyl-L-asparagine (NIBAsn) was also synthesized and studied 
for comparison with its polymeric analogue. It was found that NIBAsn forms only one weak complex with 
copper(II), with a bonding between the metal and the carboxyl group. With PNMAsn, three complexes have 
been demonstrated. Some of them involve the deprotonation of the amide group. The difference between 
the polymeric ligand and the model molecule is discussed in terms of the high local concentration of the ligand 
and electrostatic interactions. 

Introduction 
In previous we have reported the study of 

copper@) complexes of an optically active polyacid derived 
from alanine, poly(N-methacryloyl-L-alanine) (PNMA) (I). 

CH, 
I 

CHa- :: 
co 
I 
NH 
I 

:cH\ 
CHa COOH 

PNMA (1) 

CH, CH, 

CH 
I 
co 
I 
NH 
I 
CH 

\ /  

C6, ‘COOH 

N I B A  (11) 
The complexing properties of the model molecule of 
PNMA, N-isobutyroyl-balanine (NIBA) (II), were also 
investigated in order to demonstrate the role of the mac- 
romolecular chain in the process of complex formation. It 
was shown that NIBA forms only a weak 1:l ligandmetal 
complex through the carboxyl group. 

In contrast, PNMA forms a series of different complexes 
depending on the pH. Some of these complexes involve 
the deprotonation of the amide group with formation of 
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1:l species in one side chain or 2:l species between two side 
chains of the polymer (two metal-nitrogen bonds). The 
present paper reports results obtained in the study of 
another polyacid derived from an amino acid, poly(N- 
methacryloyl-L-asparagine), with a side chain containing 
a carboxyl group, a secondary amide, and a primary amide 
(PNMAsn (111)). PNMAsn has three potential binding 
sites, and three chelates of different sizes may be formed. 

CH, CH, - CH - CH3 
I 

I 
4 C % -  $4” c = o  

c = o  NH 
I 
NH *AH 

/ \  
COOH CH, - C - NH, 

II 
*AH 
/ \  

COOH CH2- C -NHz 0 
It 
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The complexing properties of PNMAsn and its model 
molecule, N-isobutyroyl-L-asparagine (NIBAsn) (IV), have 
been investigated by potentiometric titration, electronic 
spectroscopy, and circular dichroism. 
Experimental Section 

Samples. N-Methacryloyl-L-asparagine was prepared from 
methacryloyl chloride (Fluka) and Lasparagine (Merck) according 
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