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ABSTRACT: The binding of the peptide Lys-Trp-Lys to various
single-stranded copolymers of adenine and cytosine has been
investigated using circular dichroism (CD) and fluorescence
measurements. Two types of complexes are formed, both in-
volving electrostatic interactions between lysyl residues and
phosphate groups. The fluorescence quantum yield of the first
complex is identical with that of the free peptide. The other
complex involves a stacking of the polynucleotide bases with
the tryptophan residue whose fluorescence is quenched. The
binding of the peptide leads to a conformational change of the

The binding of small peptides to nucleic acids has been widely
used to obtain information on the specific interactions involved
in the association of nucleic acids with proteins. A particular
attention was focused on those peptides bearing an aromatic
amino acid whose aromatic ring could play a special role in the
recognition phenomenon through stacking interaction with the
nucleic acid bases (Héléne & Dimicoli, 1972; Dimicoli &
Héléne, 1974a,b; Brun et al., 1975; Durand et al.,, 1975,
Toulmé et al., 1974; Toulmé & Héléne, 1977; Novak &
Dohnal, 1973, 1974; Gabbay et al., 1972, 1973, 1976a,b;
Standke & Brunnert, 1975). In previous works from our lab-
oratory we have shown that the tripeptide Lys-Trp-Lys binds
to DNA (Toulmé et al., 1974; Toulmé & Héléne, 1977) and
to single-stranded polynucleotides (Brun et al., 1975; Durand
et al., 1975) according to a two-step model (eq 1)

K K
Lys-Trp-Lys + nucleic acid ‘T‘l—— complex 1 ‘—‘—2 complex 11

(1)

Both complexes involve electrostatic interactions between
the phosphate groups of the nucleic acid and the lysyl residues
and «-amino group of the peptide. The fluorescence quantum
yield of complex I is identical with that of the free peptide.
Comptex II involves a stacking of nucleic acid bases with the
aromatic amino acid whose fluorescence is completely
quenched. In a previous paper (Brun et al., 1975) we have
shown that the value of K3, which represents the ratio of the
concentrations of stacked and unstacked complexes is much
smaller for double-stranded than for single-stranded confor-
mations of nucleic acids. For example, K> = 4.9 for denatursd
E. coli DNA as compared with 0.3 for native DNA. Thus in
a nucleic acid with single-stranded and double-stranded regions
the peptide will preferentially interact with the single-stranded
region. This was demonstrated in the case of DNA submitted
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copolymers as shown by the CD variations. The fluorescence
and CD data have been analyzed according to the model in-
volving the two types of complexes. The values of the binding
constants have been studied as a function of the cytosine con-
tent of the copolymers. Analysis of the stacking process in term
of nearest neighbor frequency demonstrates that this binding
is sequence dependent and is favored in AA sequence as com-
pared with AC, CA, and CC sequence. Thus this simple tri-
peptide is able to distinguish between various base sequences
in a single-stranded nucleic acid.

to ultraviolet irradiation (Toulmé et al., 1974; Toulmé &
Héléne, 1977).

The next problem to solve was to determine whether the
binding of Lys-Trp-Lys to single strands involved a base-se-
quence specificity. One way of studying this problem is to use
homopolynucleotides such as poly(A), poly(C), poly(U) . ..
However, it is likely that the formation of complex II involves
more than one base either because tryptophan is “inserted”
between two bases or because its interaction with one base leads
to the unstacking of this base with one of its neighbors. In each
of these cases the study of the interaction of the peptide with
an homopolynucleotide will give information on only one type
of sequence since every base has the same environment in the
polymer. To try to overcome this difficulty we have used sta-
tistical copolynucleotides of adenine and cytosine with different
compositions. These polymers were chosen because it was
known that poly(A) and poly(C) are in a single-stranded
stacked conformation at neutral pH (Van Holde et al., 1965;
Brahms et al., 1966, 1967a) and it seemed very likely that the
copolymers will adopt the same type of conformation since no
hydrogen bonding has been reported between adenine and
cytosine at neutral pH. A study of the interaction of the peptide
Lys-Trp-Lys with copolymers should yield information on the
specificity of interaction of the peptide with various base se-
quences. We have used circular dichroism and fluorescence
techniques to analyze the binding processes. The first technique
allowed us to follow conformational changes of the polynu-
cleotide upon peptide binding whereas fluorescence gave in-
formation on peptide behavior. These two methods were
therefore complementary.

Experimental Section

Materials. The polynucleotides used in this study were
prepared from adenosine and cytidine diphosphate with
Escherichia coli polynucleotide phosphorylase. This enzyme
was obtained according to the method of Williams &
Grunberg-Manago (1964). The reaction mixture for the syn-
thesis contained the following components: 2.5 X 1073 M
MgCl,, 6 X 10~2 M Tris buffer at pH 9.0, 0.01 M total nu-
cleotide diphosphates, and the appropriate amount of enzyme
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in a total volume of 20 mL. The reaction was carried outin a
thermostated bath at 37 °C. Circular dichroism spectra were
measured and used to follow the course of reaction. Aliguots
(20 uL) of the reaction mixture were diluted with 3 mL of
double-distilled water, and the amplitude of circular dichroism
was rapidly measured. This value increased because of the
difference of signal between the monomers and the polymer
until a plateau was reached. When the circular dichroism
signal attained its maximum value, the reaction was stopped
by chilling. The polymers were purified by several treatments
with phenol followed by extensive dialysis.

The average length of the various copolymers was deter-
mined from end residue analysis. The nucleoside and nucleo-
tides obtained after total alkaline hydrolysis were separated
on a small column of DEAE-Sephadex A-25 using a salt gra-
dient, and their ratio was determined spectrophotometrically.
The length of the copolymers was always larger than 80 resi-
dues (molecular weight 25 000).

Molar extinction coefficients and base ratios of all copo-
lynucleotides were determined from the UV spectra of alkaline
hydrolysates of the polymers (Loring, 1955). A sample of each
copolymer was hydrolyzed at 37 °C in 0.3 N KOH for 24 h.
The hydrolysate was then adjusted to pH 7 by addition of HCI
and the UV spectrum measured and analyzed.

Solutions were made in a buffer containing NaCl (1 mM),
sodium cacodylate (1 mM), and EDTA (0.2 mM) at pH 7.

The peptide L-lysyl-L-tryptophyl-L-lysine was purchased
from Schwarz/Mann and used without further purification.

Fluorescence Experiments. Fluorescence measurements
were performed with a modified Jobin-Yvon spectrofluo-
rometer (Brun et al., 1975). Difference absorption experiments
have shown that the binding of Lys-Trp-Lys to polynucleotides
induces changes in the absorption spectrum. The excitation
wavelength was chosen at the isosbestic wavelength (292
nm).

The analysis of fluorescence data was done as previously
described (Brun et al., 1975). The method can be summarized
as follows. According to eq 1 the overall fluorescence quantum
yield (¢) of a solution containing the peptide and a nucleic acid
is given by

B+ () o

[Blo
where ¢F is the fluorescence quantum yield of the free peptide,
and [B], [Ci], and [B]g are the concentrations of free peptide,
complex I, and total peptide. Complex 1I is not fluorescent.
Complex I has the same fluorescence quantum yield as the free
peptide (see Brun et al., 1975; and introductory section). At
low peptide concentration, i.e., when the number of occupied
sites (r) is low as compared with the total number of sites (n),
the overall fluorescence quantum yield tends toward a limit
(¢1) such that eq 3 is obeyed

¢F¢:'F¢L - ;;2K2 ¥ <K11K2> <[_lj]—0> )

where [P]o is the nucleic acid concentration. At constant [P]g
extrapolation toward [Bo] = 0 of plots of ¢ vs. [B] gives the
values of ¢1. Then a plot of ¢/ (¢r — ¢1.) against 1/[Po gives
straight lines and from the slope and y axis intercept, the values
of K and K5 can be obtained.

Circular Dichroism Measurements. CD spectra were ob-
tained with a Jouan II dichrograph in thermostated cells at 0
°C. The CD data are plotted in units of M—! cm~!. The anal-
ysis of CD data was done as previously described (Durand et
al., 1975, 1976). The decrease of the CD signal of the poly-
nucleotide upon addition of peptide is measured at various

¢=¢>F<
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FIGURE 1: CD spectra of the various poly(A,C) in a pH 7 buffer con-
taining 1 mM NaCl, 1 mM sodium cacodylate, 0.2 mM EDTA. Tem-
perature 1 °C. (- + =) Poly(A); (- » + +) poly(A,C) 27% C; (—) poly(A,C)
56% C; (- - -) poly(A,C) 90% C; (- « - - -) poly(C).

concentrations of polynucleotide. The same relative decrease
A€/ Aeg corresponds to the same value of » = ([Cy] + [Cyy])/Po,
whatever the concentration of polymer [P]o. The total con-
centration of peptide [B]o can be expressed as

[Blo = [B] + r[Plo 4

The values of X = [B]o/[P]o corresponding to the same value
of the relative decrease of the CD signal are related to the
concentration [P]o by eq 5

X =r+[B]/[Plo (5

Plots of X vs. 1/[P]g give the values of r and [B]. As already
discussed in previous papers (Durand et al., 1975, 1976), the
values of r calculated by this method correspond to the sum
of all complexes whatever their respective effects on the CD
spectrum of the polymer, as far as the distribution of ligands
between complex I and complex II is independent of [P]o.

Results

Conformation of the Poly(A,C). The CD spectra of the
various poly(A,C) are shown in Figure 1, and the optical
properties are summarized in Table 1. These optical properties
and the thermodynamic behavior of these copolymers have
been studied and will be published separately. The main con-
clusions of this study can be summarized as follows.

(1) The distribution of bases (adenine and cytidine) in the
copolynucleotides is statistical as shown by a CD analysis of
nearest neighbor frequency (Maurizot & Boubault, in prep-
aration).

(2) Under the experimental conditions used in this study
(neutral pH and temperature of 0 °C), the copolymers are in
a single-stranded stacked conformation with a stability similar
to that of poly(A) or poly(C).

Changes in the CD Spectrum of Poly(A,C) Induced by
Peptide Binding. Previous results (Durand et al., 1975) have
shown that the binding of Lys-Trp-Lys to poly(A) induces a
conformational change of the polynucleotide, which is reflected
by a marked change of its CD spectrum. Figure 2 shows the
effect of an equimolar concentration of Lys-Trp-Lys on the CD
spectrum of a poly(A,C) containing 40% of cytidine. There is
a large decrease of the positive band of the spectrum and a
smaller decrease of the negative one. Difference between CD
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TABLE I: Spectroscopic Parameters of the Various Poly(A,C) and of the Difference CD Spectra between Poly(A,C) in the Absence and

in the Presence of an Equimolar Concentration of Lys-Trp-Lys.

Absorption Circular dichroism Difference circular dichroism
€260nm Amax Ay Ac A2 Al Ac A
%C (M-lcm™l) (nm) (nm) (nm) (nm) d+/d- (nm) (nm) (nm) d*/d-
0 10 100 256, 5 247, 5 253,5 262, 5 1,48 245 252 260 1,90
1S5 9 700 256, 8 247, S 253,5 263 1,51 245 252 260 1,85
27 9 300 257 247,5 253,75 265 i, 70 245 252 261, 5 1,90
40 8 800 258 247,S 255 267 2,08 246 252 262 1,95
56 7 850 260 246, 5 255 271 3,45 247 255 265 1, 85
68 7 000 262, 5 242, 5 255 274 S, 40 248 258 265 1,90
90 6100 267,5 276 20
100 5700 268 276 @

a Xy and X\, are the maximum wavelengths of the negative and positive bands in the CD spectra; A. is the wavelength of the crossing point;

d*/d~ is the ratio between positive and negative band.
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FIGURE 2: CD spectrum of poly(A,C) 40% of C, alone (5 X 1074 M) (—)
and in equimolar concentration with Lys-Trp-Lys (- - - -). Experimental

conditions are similar to those of Figure 1.

spectra recorded in the absence and in the presence of an
equimolar amount of peptide are shown on Figure 3 and
spectroscopic parameters related to these spectra are given in
Table I. With the exception of the polymer with the highest
content of cytidine (90%) and poly(C), all the difference
spectra are of similar shape with a positive and negative band
and are similar to the difference spectrum obtained when
Lys-Trp-Lys binds to poly(A). The intensity of the difference
spectra decreases as the cytidine content increases and no in-
formation could be obtained on poly(A,C) with a large content
of cytidine since almost no change could be observed in their
CD spectra. This might reflect the fact that for an equimolar
mixture less peptide is bound when the cytidine content in-
creases and/or that the effect of one bound molecule is less
important. Quantitative analysis reported below will show that
both phenomena contribute to the observed changes.

Quantitative Analysis of the CD Results. In previous papers
we have presented a method which allowed the calculation of
binding parameters from the CD variation of the polynucleo-
tide as a function of peptide and polynucleotide concentrations
(Durand et al., 1975). This method was applied to poly(A,C)
with less than 50% of cytidine since the decrease of the CD
spectrum for larger content of cytidine was too small to permit
any computation. The binding process was analyzed according
to the method of Scatchard, plotting r/CF against r where r
= ([Ci] + [Cul)/Po and Cr = Bo — ([Ci] + [Cu]) (Figure 4
and Table II). As pointed out in previous papers the binding
constant obtained by this method is an overall binding constant
taking into account all types of complexes. In the scheme de-
scribed for poly(A) (eq 1), this overall constant K is related to
constants Ky and K by the relationship

K=K1(1+K2) (6)

.”[— 1 1 |
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FIGURE 3: CD difference spectra between poly(A,C) alone and in the
presence of equimolar concentration of peptide. Same conditions as in
Figure 1; (- - - +) 0% C (poly(A)); (—) 27% C; (- - -) 40% C; (- - - - - ) 90%
C.

There is a large decrease of the apparent binding constant
when the content of cytidine increases, whereas there is no
change in the apparent number of binding sites. However, it
should be noted that the analysis was made only for small
values of r ( < 0.1) and the Scatchard plots may show cur-
vature for larger values of r as previously shown in the case of
poly(A) (Durand et al., 1975).

This quantitative analysis also gives the relative decrease
of the intensity of the CD signal as a function of r. As for
poly(A) a linear relationship is found according to the equa-
tion

Ae/deg=1— ar (7

The value of « which is a measure of the perturbation af-
fecting the CD spectrum upon binding of one peptide molecule
shows a large decrease as the cytidine content increases (Figure
4). Thus both the binding constant and the effect of bound
peptide decrease and contribute to the observed effect for an
equimolar mixture of poly(A,C) and Lys-Trp-Lys (see
above).

Fluorescence Studies. The fluorescence of the tryptophan
residue of Lys-Trp-Lys is quenched in the presence of po-
ly(A,C). Data were analyzed according to eq 3 (Figure 5). The
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TABLE 1I: Binding Parameters of Lys-Trp-Lys to the Various Poly(A,C) Determined from CD and Fluorescence Measurements.

Circular dichroism

Fluorescence

% C K (X 10-4M-1) @ Ky (X104 M~1) K> Ki(1 + K,) (X10-4 M~1)
0 5.6 1.47 1.8 2.3 5.9
15 3.6 1.05 0.85 1.95 2.5
27 2.4 0.80 0.86 1.77 2.4
40 0.8 0.60 0.53 1.45 1.3
56 0.29 0.48 1.15 0.9
68 0.50 1 1
100 0.50 1.06 1
-4 « 2]
v &0, e
6 eoePoiy() 13 - 5%
AAAPoly(AC) 152 C v
ERWPoly(AC) 21%C
000 Poly (AC) 40%.C
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FIGURE 4: (Left) Scatchard plots for the binding of Lys-Trp-Lys to
several poly(A,C); (@) poly(A); (A) poly(A,C), 15% C; () poly(A,C)
27% C; (0—0) poly(A,C) 40% C. Data were obtained from CD mea-
surements. The lines correspond to least-squares analysis of the data.
(Right) Influence of the base content of the copolynucleotide on the value
of a (see eq 7).

fact that the plots presented on Figure 5 are straight lines is
a strong argument for the validity of eq 1 in the case of the
poly(A,C).

The value of K decreases rapidly until the polymer contains
more than about 50% of cytidine. Then it levels off at the value
found for poly(C). Since the results of the CD study reported
above indicated that the number of binding sites was similar
for the various copolymers (Figure 4), the decrease of X re-
flects primarily the change in electrostatic binding.

The value of the constant K, is the ratio of the concentra-
tions of stacked and externally bound peptides. In the case of
poly(C) the molecules of peptides are equally distributed be-
tween the two types of complexes (K, = 1), whereas in the case
of poly(A) there is more peptide interacting with the bases. The
variation of constant K, with the content of cytidine is roughly
similar to that of constant K (Figure 6).

There is a good agreement between the value of the overall
binding constant obtained from CD measurement and that
obtained from fluorescence experiments (Table II). The flu-
orescence analysis demonstrates that the variation of the ap-
parent binding constant K is due to the decrease of both X and
K> [K = Ki(1 + K2)].

Discussion

That the peptide Lys-Trp-Lys binds to the various poly(A,C)
is clearly demonstrated by the change of the circular dichroism
spectra of the polynucleotides and by the quenching of the
peptide fluorescence. Experimental data were analyzed ac-

cording to the two-step model already proposed for poly(A)
and DNA.

Poly(A,C) + Lys-Trp-Lys = complex I = complex 11

1.10-2(M"}

3
FIGURE 5: Fluorescence analysis of the binding of Lys-Trp-Lys to various
poly(A,C). Same conditions as in Figure 2. The curve for poly(C) is similar
to that for poly(A,C), 68% C.
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FIGURE 6: Variations of association constants for the binding of Lys-
Trp-Lys to poly(A,C) as a function of cytidine content. (Left) K1; (Right)
K,.

The very good agreement between the binding constants ob-
tained from circular dichroism measurements (which give
information on the polynucleotide) and those obtained from
fluorescence experiments (which provide information on the
peptide) strongly supports this model.

Our results clearly show that when the cytidine content of
the polymer increases there is a decrease of all binding con-
stants (K, K, K) as well as a decrease of the average effect
(@) of one bound peptide molecule on the circular dichroism
spectrum of the polynucleotides. The values of all these pa-
rameters decrease nonlinearly with cytidine content. The
binding properties are thus depending on the base sequence
either because the aromatic amino acid interacts with more
than one base or because if it interacts with only one base this
interaction modifies the environment of the neighboring bases.
We will now examine the behavior of the different binding
parameters.
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FIGURE 7: Variation of K, calculated according to the different as-
sumptions described in the text. (1) Kaacy = 0; (2) Kzacy = (K2(an) +
Kyc))/2 (3) Kaac) = Kaana); (4) Kaac) = Kacey (@—®) experi-
mental points.

The constant « is a measure of the relative decrease of the
CD signal when one peptide binds to the polynucleotide. It thus
reflects the conformational change of the polymer induced by
peptide binding. In a previous paper (Durand et al., 1975) we
have compared the effects of Lys-Trp-Lys and Lys-Ala-Lys
on poly(A) conformation. It was concluded that the main
conformational change was due to the formation of complex
I1. Thus one could think that the decrease of « with the increase
in cytidine content just reflects the decrease of complex I1 vs.
complex 1. In fact this is not the case since the percentage of
complex II [K,/(1 + K3)] decreases much less than «. For
example, in a copolymer containing 56% of cytidine the value
of « is five times smaller than that for poly(A) (0.29 as com-
pared with 1.47), whereas K»>/(1 + K3) shows only a small
change (0.53 as compared with 0.70). If one takes into account
only those molecules of Lys-Trp-Lys which are involved in
complex II, the effect of one bound molecule decreases when
the content of ¢cytidine increases. This may reflect either that
the sensitivity to deformation of poly(A) is higher than that
of poly(C) or that the binding of Lys-Trp-Lys to poly(A) re-
quires a conformational change to allow the indole ring to in-
teract with adenine bases, whereas this would not be necessary
in the case of poly(C).

The binding constant K; which corresponds to the formation
of the electrostatic complex decreases when the cytidine con-
tent of the copolynucleotides increases. All these polynucleo-
tides have single-stranded ordered conformation with base
stacking. The change in the electrostatic constant probably
reflects the change in the electrostatic potential of the poly-
nucleotide. This electrostatic potential depends on the geom-
etry of the phosphate groups. Recent data have shown that the
geometries of the single-stranded helical conformation of
poly(C) and of poly(A) are different (Arnott et al., 1976;
Saenger et al., 1975). It can be calculated that the distance
between two adjacent phosphate groups is 5.3 A in poly(A),
whereas it is 6.2 A in poly(C). Such a difference might explain
the large decrease of K, when going from poly(A) to
poly(C).

Also the relative location of phosphate groups is important
in allowing the formation of electrostatic bonds with the pos-
itively charged amino groups of the peptide. A change in
phosphate-to-phosphate distances might require a larger de-
formation of the peptide and therefore be energetically unfa-
vorable in poly(C) as compared with poly(A).

In complex II there is an interaction of the tryptophyl resi-
due of the peptide with bases. If this interaction involved only
one base, K; should be linearly related to the cytidine content
in the copolymer. This is not what is experimentally observed.
One can try to interpret our results with the hypothesis that

MAURIZOT, BOUBAULT, AND HELENE

the stacking interaction involves two neighboring bases. There
will be four types of sites for the peptide Lys-Trp-Lys in a po-
ly(A,C): AA, CC, AC, and CA. Constant K, will be a com-
bination of constants Kaaay Kooy Kaac), and Kica)
corresponding to each of these doublets. Ka(aa) and Kocc) are
the values obtained with poly(A) and poly(C), respectively.
If one makes the assumption that the doublets AC and CA give
the same K values, the average value of constant K, for a
copolynucleotide is given by eq 8:

K2 = Kyany(1 = N2+ Kacoy? + 2K2acf/(1 = N (8)

where fis the fraction of cytidine in the copolymer; (1 — f)2,
f% f(1 = f) are the fractions of each of the doublets if one is
dealing with random copolymers. The values of K3(aa) and
Kaccy are respectively 2.3 and 1, and several assumptions can
be made concerning K ac) (Figure 7).

(i) K2(ac) = 0: this would mean that there is no interaction
with the doublets AC or CA or that the peptide needs two
similar bases to form complex II.

(1) Kaac) = (Kaaa) + Kaco))/2: each base of the doublet
contributes in a similar way to the interaction with the pep-
tide.

(iii) K2ac) = K2(aa): adenine would be the dominant base
of the doublet and the interaction with AC is similar to that
of poly(A).

(iv) Kacacy = Kz(ccy: cytidine would be dominant.

There is a very good fit between the curve calculated using
this last assumption and the experimental values. This indicates
that the stacking interaction with the doublets AC and CA is
similar to that with CC, It is not possible to make a distinction
between AC and CA and different values of K; may corre-
spond to these two doublets. However, the average value must
be similar to that of poly(C). These results provide evidence
for a specificity if the stacking interaction of the peptide Lys-
Trp-Lys with the sequence AA in the poly(A,C). Many factors
are involved in the formation of complex II: the stacking in-
teraction which exists between the bases before complex for-
mation has to be disrupted; stacking interaction of the tryp-
tophyl ring with one or two bases is introduced instead. There
are no large differences between the stacking energies of the
bases (Brahms et al., 1967b; Davis & Tinoco, 1968). The
stacking energy of the indole ring may be larger with adenine
than with cytidine due to the larger size of the purine ring, but
the respective orientation of the two rings which must play an
important role is unknown. As the value of K, depends on the
balance between these different factors, it is difficult to de-
termine the major contribution to the stability of the com-
plexes.

Conclusion

This study demonstrates that the peptide Lys-Trp-Lys binds
to copolymers of adenine and cytidine according to the
scheme

Lys-Trp-Lys + poly(A, C) = complex I = complex II

Complex II involves stacking interactions between bases and
the tryptophan residue. In this type of complex the peptide
binds in such a way that at least two bases are involved. Our
results can be quantitatively analyzed assuming that the
polynucleotide is similar to a collection of dimers. This is in
agreement with the current view concerning the conformation
of single-stranded polynucleotides. Of course this is an ap-
proximation and the interaction with larger fragments of the
sequence might also be involved.

Among the different available sequences in a poly(A,C) the
stacking interaction of Lys-Trp-Lys decreases in the order AA
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> ACand CC. A similar study with copolymers of adenine and
uracil in single-stranded conformation has shown that the in-
teraction is favored in UU sequence (Maurizot et al., 1978).
Thus we have the following order of stacking interactions of
the tryptophyl residue of Lys-Trp-Lys: UU > AU, AA >
AC,CC.

Previous studies have shown that the peptide Lys-Trp-Lys
has a selectivity of interaction with respect to the structure of
the nucleic acid. It binds much more strongly to single stranded
than to double stranded nucleic acids (Toulmé et al., 1974;
Toulmé & Héléne, 1977). The present study shows that in
single-stranded conformation there is also a selectivity of in-
teraction with respect to the base sequence. This demonstrates
that an aromatic amino acid such as tryptophan may partici-
pate in the selective recognition of nucleic acids by proteins.
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