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This paper reports the synthesis and interactions of reporter molecules 

with nucleic acids. (Reporter molecule is used in the same sense as described 

by Hill8 and Koshland, 1964, 1967). The synthetic methods used are outlined 

in Chart I. The visible and near U.V. absorption spectra of compound ?a is 
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2, 20, and 4a are n = 2 
3, lb, and zb are 5 = 3 

shown in Figure 1. The effect of polynucleotides on the absorption spectra of 

the bound reporter molecules is summarized in Table 1. 

Several interesting points may be made. (1) The transition in the 350 mu 

region is probably a rr*++r type since it has an extinction coefficient, emax, 

*This work was supported by grants GMl3597, GMl5308, and GMl.5309 from the 
U.S. Public Health Service and the Rutgers Research Council. We also wish to 
thank Miss Kathy Seminara for technical assistance. 



Vol. 34, No. 1, 1969 BIOCHEMICAL AND SIOPHYSICAL RESEARCH COAMJNKATIONS. 

Figure 1. Near uovo spectra of reporter molecules 2a at 25,O"C; ka in 95% 
EtOH (----), in H2O/buffer (- ), in presence of rlJ (-- -), in rA (----), 
and in rA-rU (-we--). See Table 1. 

of 16,000 characteristic of an allowed transition, and a red shift in the 

maximum is observed in going from 95% ethanol to 0.Ol.M sodium phosphate buffer 

(338-, 350 v, and 343-356 q~ufor 11 = 2 and 3 respectively). (2) Interaction 

of the reporter molecule with polynucleotides leads to a complex in which the 

environment of the chromophore is more polar than that of H20 since a further 

shift to the red is observed (350+355 my and 3564362 my for 9 = 2 and 3 

respectively (excluding polypyrimidine nucleotide)). This result is anticipated 

since the electrostatic binding of the reporter molecule to adjacent phosphate 

anions of the polynucleotide would place the 2&-dinitroaniline ring in close 

proximity to the negatively charged phosphodiester group. (3) Substantial 

hypochromism is observed when the reporter molecule is bound to the polyribo- 
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Table 1. The Effect of Polynucleotides on the Absorption Spectra of Reporter 
Molecules ka and &b at 25.0 +, Oa2'Ca 

Reporter Molecule 

Conditions 
2a (n = 2) jtb (n = 3) 

j=& E- $ Hb P/R' AE &- $ Hb P/R0 
P-e --- 

95% EtOH 338 16,600 -- -- 343 16,050 -- -- 

H20/bufferd 350 16,600 -- -- 356 16,160 -- -- 

rUd 351 15,300 8.4 30 357 14,550 11.1 29 

XC d 352 15,200 9.1 30 357 15mo 7.5 29 

rI d 355 13,600 22.0 28 360 13,aO 19.5 29 

rAd 355 12,800 29.6 28 361 12,450 29.8 29 

rA/rUd 355 11,600 43.1 29 362 ll,o20 46.5 29 

rI-red 355 11d3oo 40.7 29 362 11,510 40.5 29 

'Values of Xmax and Emax in the presence of polynucleotides reported in 
this table are limiting values. 

b$ hypochromicity (46 H) = [ETo/tir - 1.~100. 

v/R indicates the ratio of phosphate/reporter molecule. 

din O.OlM sodium phosphate buffer (O.OlM in Na+), pH 6.50. 

nucleotides. The extent of hypochromiem appears to depend on the nature of the 

nucleic acid system and not on the number of methylene groups, 2, between the 

ring nitrogen and the quaternary nitrogen of the reporter molecule. The 

percentage hypochromicity increases for the following series, rU* rC C rI< rA 

< rA-rUs rI-rC, which is also the order of increased stacking of the bases 

(Felsenfeld and Miles, 1967). The results suggest that the hypochrondsm of the 

reporter molecule depends on the secondary structure of the polynucleotide as 

well as the nature of the bases. 

An induced circular dichroism (CD) in the absorption band of the bound 

reporter molecule is also observed. Figure 2 shows the CD results for 'a bound 

to the single-stranded rA and r1, as well as to the double-stranded rA-ril and 

rI-rC helices. Table 2 contains a summary of the results including the molar 

55 



Vol. 34, No. 1, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

______ - 0. _________---- ,/y-- - -_-- ____________-__-- -------- ___-_-_--- 

\ -2.c i /’ I 1 

-4.0 _ \‘-- i 

\ i 

-6.0 “\ / 

“\ -i.. i’ 
-8.0. 

, I 
320 340 360 380 400 420 440 

Figure 2. CD of reporter molecule 2a in the presence of rA (-•--), r1 (---Is 
rA-rU (- ), and rI-rC (-* -). See Table 2 for experimental conditions. 

Table 2. The Effect of VariouasbPolynucleotides on the Induced CD of Reporter 
Molecules ?a and sb ' 

Molar Ellipticity 

Polynu- 4a (n = 2) 4b (n = 3) 

cleotide ce~PxlO'3 AFh& teYf7clo'3 AlA ce1px163 &j&l cmntx10-~ &!& 
rA 8.14 374 -7.18 323 5.11 375 -4.38 325 
r1 3.35 370 -2.40 320 2.43 360 -0.97 310 

rA-rU 6.70 347 -- 6.15 345 -- -- -- 
rI-rC 8.62 350 -- -- 13.4 350 -- -- 

rc No detectable CD No detectable CD 
rU No detectable CD No detectable CD 

aCD curves were measured in a Gary 60 Recording Spectropolarimeter equipped 
with a Model 6001 CD access0 at ambient temperature fn 10 mm cells. The 
solution contained 1.67 x 10 % of sa or kb in O.OlM sodium phosphate buffer 
(0.0X4 in sodium), pH 6.40-6.50. 

bThe ratio of moles of polynucleotide phosphorus to moles of reporter 
molecules in solution in all cases reported ranged from 28.2-2905. 
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ellipticities of the (positive) peaks and (negative) troughs +,ogether with the 

associated wavelengths. Similar studies were made with rC and rU and no 

detectable induced CD in the absorption band of ka and ?b was noted. A dependence 

of the observed molar ellipticity on the P/R (moles polynucleotide phosphorus/ 

moles of reporter molecules) ratio was found; as P/R& 0 the molar ellipticity 

LQ]+O; as P/R-m, [al appears to approach a limiting value characteristic 

of dye and polynncleotide. In addition, aqueous solutions of ?a and kb in the 

absence of polynucleotides obey Beer's Law over the concentration range used in 

these studies (10'5-10'3M) , which indicates no aggregation of the reporter 

molecules under these conditions. The single-stranded polymers--i.e., rA and 

rI--induce a double Cotton effect in 2a and %b with a crossing point near the 

U.V. absorption maximum of the chromophores. Such a result is usually taken to 

be indicative of chromophore-chromophore stacking , since double Cotton effects 

are characteristic of exciton-type interactions, which are favored by such 

geometries (Kasha, 1963: McRae and Kasha, 19&; Bush and Tinoco, 1967). In the 

case of the double-stranded rA-rU and rI-rC helices, however, single positive 

Cotton effects are observed for 3a and kb+ From these results we can deduce 

the following: (1) CD is induced upon binding of the reporter molecule to the 

polynucleotide by interactions which are specific to both dye and polymer. For 

example, as 2 varies from 2 to 3, the molar ellipticity, B, decreases for the 

single chains (r1 and rA); remains essentially constant for the double-stranded 

rA-rU helix: and increases by one-half for the rI-rC helix (Table 2). (2) The 

interactions are apparently dependent upon the secondary structures of the 

polynucleotides, since induced CD is not observed in the presence of the 

polypyrimidinest rU and rC. This result may be explained in terms of the lower 

propensity of pyrimidine bases to stack as compared with the purine bases 

(Guttman and Higuchi, 1957; Ts'O, Melvin , and Olson, 1963; Ts'O and Ghan, 1964; 

Bush and Tinoco, 1967, and references therein). In solution, several free bond 

rotations are allowed per monomer of a polynucleotide; i.e., two oxygen-phosphorus 

bond rotations, two carbon-oxygen bond rotations , one carbon-carbon bond, and 
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one carbon-nitrogen bond rotation. In polypyrimidines these rotations are 

expected to occur more freely than in polypurines. Therefore, it is not 

surprising that rU and rC do not induce CD in the absorption band of the bound 

reporter molecule, since the complex formed is not as rigid as that obtained with -v ---- 

stacked single- or double-stranded helices. In the case of polypurines a double 

Cotton effect is observed in the induced CD of the bound reporter molecule which 

is suggestive of cooperative binding. Cooperative binding of diammonium salts 

to single-chain polynucleotides is anticipated , since the complex formed would 

freeze out a number of rotations in the polynucleotide and lead to local stack- 

ing of bases. Such interactions would favor binding of a second reporter 

molecule to an adjacent site and lead to chromophore-chromophore stacking. 

At this point we must consider the origin of the hypochromism and CD found 

for the transitions of the bound reporter molecule in the PO-460 mpregion. 

There are several possible explanationsr (1) Upon binding to the polymer, a 

conformational change in the chromophore might reduce the strength of the 

transition; 8.8.. twisting of the nitro or the amino group out of plane of the 

2,4-dinitroaniline ring system. The induced CD would arise from the local 

asymmetric environment. (2) An ordered array of chromophores, in particular 

an array which brings about the stacking of chromophores! transition moments, 

is predicted to cause hypochromism and circular diehroism (Kasha, 1963r Bush 

and Tinoco, 1967). (3) The hypochromism of the bound reporter molecule may 

arise from the interactions of the transition moment of the WeTof the reporter 

with the transition moment of the higher energy++vof the purine or pyrimi- 

dine rings. It has been shown by Tinoco that a card-stacking arrangement of 

two transition moments of two chromophores would lead to hypochromism for the 

lower energy transition (Tinoco, 1960, 1961) . The induced CD would arise 

from local asymwtric environment. Although our evidence is not unambiguous, 

it appears that explanations 2 and 3 are operating. Since the reporter 

molecules ?a and ?b appear not to aggregate in solutions, and non-zero limit- 

ing values of the molar ellipticities, [01, in the presence of poly- 

nucleotides are observed at high P/R ratios (in the range of 30-110; Gabbay, 
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unpublished results), site induced CD is strongly implicated for the double- 

stranded helical structure. This is in contrast to the behavior of the induced 

CD of acridine orange bound to DNA which is attributed to exciton interactions. 

For this system the induced CD displays a dependence on the P/R ratio; i.e., 

increasing to a msxinrum from a zero value at low P/R ratio and then decreasing 

on furt'-er increase of P/R ratio greater than 10 (Gardner and Mason, 1967). 

Further studies of these and other systems are in progress in an attempt 

to establish more conclusively the nature of the reporter-polymer interactions 

involved in the phenomena we have discussed. 
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