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It seems likely that the amino nucleotidee vithln adapter RZA 

(S-RNA) might be classified according to their rate of reactivity with. 

CR20 (e.g. Zubey and Marciello, 1963), which in turn would be dependent 

upon their degree of involvement in folded eecoudary structure--in 

particular, lnternucleotide hydrogen bonding. Formaldehyde forms a 

Schiff base wltb the au&no groups of adenine, gutine, and cytoalne. 

Rate studies have been executed on S-RRA with the intent of detenainlug 

the number of uucleotides in the molecule which are involved in 

hydrogen bonding. These studies have been carried out in the preeence 

of O.OlM ug++ because of the stabilizing effect of divelent cation 

on the secondary structure (Mahler, Dutton, and Mehrotra, 1963; 

Niehimura and Novelli, 1963). Cl4 labelled CIiSO was used, and the 

specific activity of carefully washed precipitates of the RNA incubated 

with CH20 va8 determined. Great care wa8 necessary to prevent any 

loss of'CH20 in the Isolation procedure, because of the Instability 

of the Schiff base. For exemple, allquots for camtiug were frozen 

dried in ordez to prevent a loss of about two-thirds of the activity. 

There is no evidence to indicate that this precaution has been observed 

by others. 

+ Research carried out at Brookhaven National Laboratory under the 
auspices of the U. S. Atauic Energy CamdSslon. 
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In Hgure 1 the reeulte of reaction with CH20 as a function of 

time at different temperatures are shown. These result6 suggest the 

clasaiflcation of nucleotides into three categories: thoee which 

react readily at lo C; those which react very slowly at 1. C but 

readily between 10 and 26' C; and those which react readily at 37" C 

or above. (Although moat of the CH20 studies have been carried out 

on total S-RNA, preliminary indications are that specific adapter 

RNA6 give slmilsr results.) The number of nucleotldes per RNA mole- 

cule belonging to each group is approximately 4, 8, end 39. These 

three groups are more discernible in Figure 2, In a slmllarly designsa 

experiment in uhich the extent of reaction was detezndned a6 a function 

of temperature, using a fixed reaction time of 24 hours. 

REACTION TIME (hrs) 

FigureL Number of formaldehyde8 reacting per S-RHA as a function 
oftime. A 0.4s solution of S-RNA prepared fram Bscherichia colt in 
O.lM potass um phosphate buffer, #i 7.4 and O.OlM MgC12 wassubated 

t with 1.2$ Cl labelled formaldehyde. After the desired time period 
an EddQUOt ~36 removed frctn the reaction mixture, preCipitat&d with 
salt and ethanol, and washed ulth a 1:2 mixture of 0.5 M N&X and 
ethanol on a sintered glass fllter. The washed precipitate was dis- 
solved in H20: aliquots were tahen for radioactivity and optical 
density measurements. The bound formaldehyde was determined from 
the known specific the fonwldehyde and the extinction 
coefficient for S-RNA of -200. 
bound per S-RNA was 

The number of formaldehyde8 
this, and the molecular weight of 

S-NNA of 24,000. Measurements were made at several different temper- 
atures as indicated In the figure. 
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Figure 2. Aumber of fomaldehydes reacting per S-RIW4 as a ru.nction 

of temperature. Reaction time 24 hours. Otherwise experlmsntal con- 
ditions and procedures the same 88 in Figure 1. 

The three groups areinterpretedlnthe followlngwayz the first 

graup probably corresponds to those mcleotidesuhlch are not hydrogen 

bonded and not In any way eterlcally hindered frcm reacting. The 

second group, 0r intermediate activity, could be situated In a region 

of theRHAdouble hellx~thvcabornolnkrrmcleotidehydrogenbo~- 

1%. Since the amino nucleotides make up about &l$ of the total 

(Dunn,smith,andSpahr,lg60), 8amino nuclcotidee wouldcorrespond 

to about 10 nucleotidee or a region of 5 base pairs. The 39 bases 

in the third group, which is least reactive to formaldehyde, are 

probably dtuatedlnreglone contalnlng severalhydrogenbondedbase 

palm. Correcting for uracil, this muld Involve a region of about 

48 nucleotides or 24 base pairs. 

A study of the hygerchmnicity during reaction with CH20 is con- 

sistent with the above interpretation. Thue at 10' C about 23$ of 

the cpaino nucleotides react with CH20 In 24 hours (see Figure 2). 

In spite of this, the Increase in optlcal density at 260 rn~ Is only 

2.2$. This rise In optical demity may be considered the result of 

Schlff base ionnation and denaturation. Ihe magdtude of these two 
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factors can be estlmatedt the increase In optical aSnsity at 260 mp 

for the bases 0, C, and A upon reaction with CR20 16 about ll$, lC$, 

and%, respectively. Since thesebasesmake up 3l$,m, and 2l$ 

of the nucleotides in S-RR& we should expect an approximate 8$ rise 

in optical density forlCO$ Schiffbase fomation. Prauthe bypar- 

chrcmici~of~onmrltirrg,itcanbetrt~~thatabaut~ 

Increase in optical density Should result frcm ccarplete denaturation. 

The reaction of 2% of the amino mcleotides at 10' C should lead to 

a l.%$ Increase in optical density frcm S&Iii base fomation. This 

accounts for most of tit observed rise, and suggests that very little 

denaturatIon is mquired for this llmlted reaction. 

The ablupttrausltioninthe numberofnucleotides reactingwith 

CR20ccawzs atamuchlawert~.pcrature(U37°C)thanthemalting tm- 

perature (-&"C) in this solvent. This Is probably the result of 

two factors: 1) the cooperative breakdown of structure caused by 

Schiff base formation; 2) the Imediate actim of fomaldehyde as a 

denaturant <cH20 In addition to forming a Schiff base, la a denaturant). 

Pkrther studies are in progreee to detennlne the distribution 

of the most reactive nucleotldes in adapter RRA. 
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