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SUMMARY 

The CD spectra of poly-L-lysine in the presence of 5’-GMP, 
5’-dGMP, 3’-GMP and 2’-GMP have been measured at pH 7 and at 
low nucleotide concentrations. The binding of 5’-GMP and 3’-GMP by 
poly-L-lysine induces a strong negative band in the absorption region of 
the base and large changes at shorter wavelengths; the binding of 
5’-dGMP and 2’-GMP, however, causes only minor spectral changes 
compared with the spectra of the components. The poly-L-lysine com- 
plexes with 5’-GMP and 3’-GMP, which differ with respect to 
CD spectra, temperature stability and cooperativity of melting, are 
described. 

Of the naturally occurring bases, guanine is somewhat unique in that 

it has a high tendency for self-association, an ability to form gels at 

high nucleoside or nucleotide concentrations, and has presumably a 

higher affinity to hydrophobic bonding with suitable ligands than the other 

bases ( 1 - 4 ). In a previous investigation ( 5 ) on the circular dichroism 

of poly-L-lysine in the presence of different 5’-nucleoside monophos- 

phates, it was found that among the common nucleotides only 5’-GMP 

causes strong spectral changes relative to the spectra of the respective 

components. These spectral changes were interpreted to arise from the 

formation of helically ordered stacks of bound nucleotides, which force 

the poly-L-lysine to change conformation. Similar data have been re- 
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ported by Rifkind and Eichhorn ( 6 ), who found specific contributions of 

5’-GMP to the ORD spectra of basic polyamino acids. 

Analysis of the binding of different guanosine monophosphates to 

poly- L-lysine and poly-L-arginine ( 7 ), however, showed that the nature 

of the 2’ -carbon ligand markedly influences the binding behavior and 

especially the stacking tendency of bound nucleotides. The present work 

on circular dichroism of poly-L-lysine complexes with different guanosine 

monophosphates was carried out to study the contribution of the 2 ’ -carbon 

ligand to the specificity of interaction and to the nature of the complexes 

formed. 

Materials and Methods 

Nucleotides were purchased from Boehringer Mannheim GmbH, Sigma- 
Chemical Co. and N. B. C. Research Biochemicals. Poly-L-lysine HBr 
with a reported average molecular weight of 80 000 was purchased from 
Miles-Yeda. The bromide ions were exchanged for fluoride ions by 
dialysis and the nucleotide and poly-L-lysine solutions were adjusted to 
pH 7. The CD spectra were recorded in a Dichrographe Model CD 185 
( Roussel-Juan ), in a 1 mm cell and at a sensitivity of 1. 10-5 A D/mm. 
The component solutions were precooled in ice, mixed, incubated in ice 
overnight and measured at lo ( 5 ). 

Results and Discussion 

Figure 1 shows the CD spectra of poly-L-lysine in the presence of 

different guanosine monophosphates, compared with the sum of the 

spectra of the respective components (dotted lines ). It is obvious that 

binding of nucleotides possessing a free 2’OH group, as 5’-GMP and 

3’-GMP, induces strong spectral changes whereas the binding of those 

nucleotides which lack the 2 ‘OH group ( 5 ’ -dGMP) or have it blocked by 

a phosphate moiety ( 2 ’ -GMP ) reveals only minor changes 1) . The strong 

1) . Wrth 2’-GMP and 5’-dGMP still higher nucleotide to polymer ratios 
do not give different results. 
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Figure 1 : CD spectra of poly-L-lysine in the presence of different 
guanosine monophosphates recorded at lo, in 0.02 M KF, pH 7. The 
concentration of poly-L-lysine was 1.4 mM and of the nucleotides 0.5 mM 
with the exception of 3’ -GMP which was 0.37 mM. Dotted lines are the sum 
of the CD spectra of the components recorded at the same concentrations and 
conditions. The number of nucleotides bound per lysine residue (r) deter- 
mined from the binding isotherms are in the case of 5’ -dGMP 0.20; 
2’ -GMP 0.25; 5’ -GMP 0.20; 3’ -GMP 0.16. 

negative bands found with 5’ -GMP and 3’ -GMP which are assumed to arise 

from base stacking are in accord with the previously published results ( 7) on 

the binding of guanosine monophosphates by poly-L-lysine and poly-L-arginine, 

which showed that the nearest neighbor interaction energies of bound 

nucleotides possessing a free 2’OH group are much larger than those of 

5’ -dGMP and 2’ -GMP. At higher nucleotide to lysine residue ratios than 

used in the present work, guanosine monophosphates form precipitates with 

poly-L-lysine. At O” with 2’ -GMP and 5’ -dGMP gel-like and transparent 
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liquid pellets were obtained after centrifugation, whereas 5’ -GMP and 3’ -GMP 

gave white precipitates with probably fiber-crystalline order ( 7 ). 

Figure 2 shows CD spectra of poly-L-lysine complexes with 5’ -GMP and 

3’ -GMP, respectively, and in the inset the maximal heights of the strong 

negative bands plotted versus the number of bound nucleotides (r ), as de- 

termined by equilibrium dialysis ( 7 ). The CD spectra of the complexes 

which have been recorded at about equal r values are different: the position of 

the strong negative band of the 3’ -GMP complex is shifted by 5nm to shorter 

wavelengths relative to the spectrum of the 5’ -GMP complex; the negative 

shoulder found at the long wavelength terminus of the 5’ -GMP spectrum may 

correspond to the small positive contributions found with the 3’ - GMP at 

the same region. The negative shoulder obtained with 5’ -GMP at about 

222 nm has been assigned to a poly-L-lysine transition on the basis of the 

fact that with poly-D -1ysine a positive band was obtained at the same position 

( 5 ) .Also, with the 3’ -GMP complex the negative shoulder at about 228 nm is 

inverted to a positive band using poly-D-lysine instead of poly-L-lysine, 

which again indicates that this is a polypeptide transition, which may 

arise from a contbrmatjonal change of poly-L-lysine, due to binding of 

3’-GMP (as in the case of 5’-GMP). 

Gels are formed at pH 5 and at rather high concentrations of 5’-GMP 

and 3’-GMP ( 1, 2, 8 - 12 ). The CD spectrum of the 5’-GMP gel 

( 2, 10, 11 ) was found to resemble the CD spectrum of the 5’-GMP / 

poly-L-lysine complex considering only the nucleotide contributions ( 5 ); 

however, the 3’-GMP gel spectrum ( 2 ) is quite different from the 

spectrum of the respective poly- L-lysine complex. 

A further difference in the interaction of these two nucleotides with 
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Figure 2: CD spectra of mixtures of poly-L-lysine with 5’ -GMP and 
3’ -GMP, respectively. Conditions as in Figure 1. CD spectrum 
with 3’ -GMP, concentration of poly-L-lysine 1.4 mM, of 3’ -GMP 0.45 mM, 
number of bound nucleotides per lysine residue ( r ) 0.22. 

-.-.-.-.- CD spectrum with 5’ -GMP, concentration of poly-L- 
lysine 1.3 mM, of 5’ -GMP 0.60 mM, r equal to 0.23. In the inset the A D 
of the strong negative band are plotted versus the number of nucleotides bound 
per lysine residue (r ) : 0 with 3’ -GMP, 0 with 5’ -GMP. 

poly-L-lysine is illustrated in the inset of Figure 2. The formation of the 

strong negative band as a function of the number of nucleotides bound per 

lysine residue is in the case of 5’ -GMP a strong cooperative process, 

whereas with 3’-GMP this process is more complicated and begins at 

much lower r values. 

Figure 3 shows the temperature stability of the two complexes; the 

maximum heights of the strong negative bands are plotted versus tem- 

perature. With the 5’-GMP complex the negative shoulder at about 

222nm, assigned to a poly-L-lysine transition, was also used. The com- 

plex with 3’-GMP is rather stable and “melts” uncooperatively with a 

transition midpoint of about 42O. The 5’-GMP complex, however, melts 
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at about 20’ and has a temperature profile which indicates a cooperative 

melting process which is biphasic. The cooperative transition of the 

5’-GMP complex is in accord with the cooperative formation of this com- 

plex by successively adding bound nucleotides ( Figure 2, inset ). It is 

interesting to compare Figure 3 with the melting behavior of the 

respective nucleotide gels ( 1, 9), which is in both cases cooperative; 
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Figure 3: Melting behavior of poly-L-lysine complexes with 3’ -GMP and 
5’ -GMP, respectively. 0 complex with 3’ -GMP; the A D of the strong 
negative band are plotted versus temperature. 5’ -GMP: 0 the A D of 
the strong negative band is used for plotting; a the A D of the shoulder at 
222 nm, assumed to be a polypeptide transition, is plotted versus temperature. 
The concentration of poly-L-lysine was 1.4 mM, of 3’-GMP 0.4 mM (r O-19), 
and of 5’ -GMP 0.57 mM (r 0.21). 
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the transition midpoints are rather low, for 3’ - GMP at about 1 lo and 

for 5’ GMP at about 14’. 

The ability of a guanosine nucleotide to form a stacked conformation 

when bound to poly-L-lysine and to induce a conformational change in the 

polyamino acid requires the presence of the 2’ OH group. The 5’ - GMP 

complex reveals rather cooperative features both with respect to the for- 

mation and “melting”of ordered nucleotide stacks. The interaction of 

3’ - GMP with poly-L-lysine leads to a more stable complex, and the for- 

mation of a stacked conformation begins at lower concentration of bound 

nucleotides compared with the 5’ - GMP complex. One may speculate that 

the steric features of stacked 3’ - GMP allow a stronger hydrophobic inter- 

action of the bases with the poly-L-lysine component, or a stronger inter- 

action of the phosphates with the protonated &-amino groups than is 

possible in the 5’ -GMP complex. A stronger mutual interaction may ex- 

plain the fact that the CD spectra of the poly-L-lysine complex and the gel 

are different in the case of 3’ - GMP. However the case of 5’ - GMP, where 

the spectra are similar, may indicate weaker mutual penetration and 

weaker mutual interaction but probably a better fitting between the ordered 

nucleotide stacks and the assumed ordered polypeptide conformation. The 

latter supposition is supported by the CD spectrum of the 5’ -GMP complex 

which reveals a rather strong negative shoulder at 222nm compared to the 

spectrum of the 3’ -GMP complex (Figure 2 ). 
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