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pK'S OF NUCLEIC ACID COMPONENTS AS A 

FUNCTION OF TEMPERATURE 

Su.11'.mary 

The. pK ts of the -N1H- groups for the several deo::-..,ynucle.ic 

acid components have been studied as a function of temperature. 
,-J 

Frorn this the Lio H's for the ionizations are obtained. The. components 

studied were thymidine, thymidylic acid, deoxyguanosine, and 

deoxyguanylic acid (5 1)o 



pKvs of Nucleic Acid Cc3 ponents as 2. 

F--c:nction of Temperature 

A u.K:t:hod. of i n vestigating t he dcn2.t:u::-ation of D:i:•JA is based 

on c onsi..ctcring DNA 2 s a polyrn.er made of moncrners havin g an acid 

DE L!.~ he.l:i-· ,, For such a treatrn.ent 'J it is necessar-J to know the H 

~ • • • C h • . • • 
o :t :..on iza·t::..on :i...or b~ese acid [/ ... ·0u 9s " As an approxirnatJ..on. 7 the H 

of ·che r:1onc:-aer acid g::coup can be used for the H for the polyme r 

2cid groups"' Since the knowl edge of pK(T) for ·the acid group wi l l 
,._, 

y i eld t he. .c. H~ pK(T) was de.ter-:nined :i:or ·th e nucleotides" The work 

i:,12.s a:...so done on the nucle.oside.s to dcte:cmin e. what differences 

c.:ri s e between the two types of com.pou.ndso The. components studied 

'-h •• • were l..t yina1.ne 1 ·thymidylic acid\) deoxyguanosine, and deoxyguan-

yl i c acid (5v)o In all four cases the.-N1H-group is the acid groupo 

The p:cocedure used was the application cf pH measurement and 

titration data to the equation 

pKa(T) = pH(T) - log 

Experimental 

(Re) 

(RH<) 
.. 

Solutions were made by dissolving deoxyguanosine."'H20 (abbr. 

guanosine), decxyiuany.lic acid (5')~~11-14 salt (abbr. guanylic acid) , 
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thymidine, and thymidylic acid 0 2H20•2NF~~, all A grade, obtained 

from California Corporation for Biochemical Research, in 0.100 M 

Na.Clo The nucleotides were passed through a 100-200 mesh Bio-Rad 

AG 50W-Xl6 cation exchange resin charged with Na©ions. The column 

was prepared by adding water to 20-30 gm. of resin? then neutra­

izing with NaOH. Following this, Ool ~NaCl was passed through 

the column until the eluent no longer adsorbed in the UV region. 

H20 is passed through the column before the nucleotides. The 

n.ucle.otide solutions were made with H20. After the exchange, they 

were made. up to 0 .. 100 M NaCl. This procedure was used to make the 

equilibriu.~ more favorable for the exchange of NHL~• Analysis of 
r 

the final nucleotide solutions was done spectrophotometrically. 

The titrant used was 5.00 x 10-3 M NaOH in 0.100 NaCl. All 

titrations were done with a 5 ml. burette. 

To prevent interference of bicarbonate in the titrations, all 

experiments were carried under:. CO2 free conditions .. The. NaOH 

solution, made taj::th CO2 free H20, was stored under"Ascarite". 

Argon was bubbled through all other solutions to drive off the CO2 . 

After that, all work is done under an argon atmosphere. 

All pH measurements were made using a Beckman Model 76 meter, 

and a Beckman #39170 Fiber Type calomel reference electrode. In the 

room temperature nucleotide measurements, a Beckman #41260 Type 

E-2 glass electrode was used as indicating electrode. In all other 

experiments, a Beckman #41263 General Purpose glass :-:electrode was 

used as indicating electrode. All pH measured were below 10.0. With 

such pH's, according to Beckman Instructions 678-A, the sodium ion 
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correction is less than· 0.02 pH units for both glass electrodes. 

For t he nucleosides 7 

(Re,) = (Na@) - (OI-r0) 

( RI-I'.') ~ = C - ( R e ) 

wi t h (Na©) the formal concentration of base added, C the formal 

concentration of nucleoside, and (OH6 ) the hydroxide concentration 

calculat ed from pH data. 

Due to t he presence of the phosphate group, the nucl eotide 

c ase is more in~olved. The phosphate. group will be. tit r a ted along 

with the. - N1H-. Since pK = 605 for t he second hydrogen of the 

phosphate group1 , at pH= 805 the singly protonated phosphate 

concentrat ion is 1/100 that of the unprotonatedo This point, pH
0

(T), 

is taken as the starting point for the titration of the -N1H-. 

For the nucleotides 

C + (Na@) - [coI:f=>)f - (OE.8)0 5 
1 + 10b 

b = pKa(T) - pH0 (T) 

( Rli). J = C - (R:<=>) 

itlth C the fonnal concentration of nucleotide, (Na@>) the formal 

concentration of base added after the starting point, (Off=>)
0 

the 

hydroxide concentration at the . starting point, (olf9)f the hydr-

oxide concentration at the end. The term c/(1 + 10b) is a correction 

for the amount of -N1H- protons which have been titrated at this 

starting point, pH0 (T). Since b depends on pK(T), the calculations 
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done by successive approxi..rnations. 

Dilution corrections are made where necessary. 

Several alterrlate procedures ·were used in obtaining the data. 

In t he f irst procedure(#l) the temperature. of a titrated solution 

was varied while simultaneously measuring the pH(T) 0 For the 

se.coEd procedure.(//2) the solutions were. titrate d at a fixed temper­

ature. while. measuring pH .. The third proce.dure.(#3) consisted of 

ta.king several previously titrated solutions whose. pH had been 

measured at room temperature and measuring their pH at a :B.ixe.d 
0 high temperature ( around 45 )o 

Results and Di scussion 

Procedure #1 immediately presented problems, when tried with 

st~n<lard buffer. Re.producible results were not obtained with the 

electrodes in the solution during heating and cooling. This nonre­

producibility is explained by the temperature "hysteresis" effect 

dise-sssed by Mattocl<:2. This problem was circumvented by the other 

procedures which allow standardization of the electrode system and 

measurement at the. sar.-1e -':te...1nperature. 

The length of time that a titrated solution was used was kept 

at a minimum as the solutions became more acid with timeo This was 

noticable when the solutions sat for an hour or so. This change was 

most likely caused by contamination by co2 , or impurities in the 

glass. 

Table I contains the results of the experiments. Each pK(T) 

is the results of measurements on a set of titrated sample.s ,of the 
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Table I 

E:>:D ., No ., Solution Procedure Date pK( T ) Temp ., - -· 
1 OolOO M NaCl · 2 10/19 13.,71 26.,0°G 
2 II- 2 1x~ 8 13.,09 49 .. 5 
3 It 3 2 11 13028 L;3., 8 
3 II 3 II 13.70 27 .. 7 
L;. II 3 2/15 13.,82 27 .. 0 
L;. II 3 " 13 .. 31 L:.3 ,.5 
5 ti 3 5/3 13076 27 ,, 7 
5 II 3 ft 13.18 43,.7 

6 
-3 

Thym. 2 10/19 9 .. 76 24 o0 ! . 2 6:-l:10 
7 ff II 2 11/9 9.31 50.0 
8 1.36 " 3 11/29 9.71 24.0 
8 II If 3 " 9.23 50 .. 0 
9 lo33 " 3 1/28 9 .. 68 23.5 

10 II " 3 2/4 9 .. 69 26o0 
11 4 .. 19 " 3 2/11 9 .. 67 2708 
1 1: n f1 3 ft 9 .. 4-L:. L; L~ .. 0 
12 n II 3 2/16 9., 67 26o2 
12 " " 3 " 9.,32 L~3 .. 2 

.,• 

·1 ~ _::> 1.35 Thym .. acid 3 5/3 9 .. 79 27.7 
1 -_;:i " " 3 " 9.49 44 .. 0 

14 1c.21 Guano 3 2/15 9.27 26 .. 8 
lL;. It ti 3 II 8.97 L}3. 7 
1 5 It II 3 3/4 9.20 26.,5 
1 5 " " 3 " 8.90 43.8 

16 0896 Guan. acid 3 5/3 9.66 27.7 
16 ff ti 3 II 9.20 43.5 
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given stock solution. Values for the pH0 (T), the starting point for 

the nucleotide . titrations 1 were obtained by using procedure #3 on 

solutions for which pl-!(25°) = pl-10 (25°). 

The plot of nK(T) should be linear (Fig.l,2j3)o The incon­

sistences shown here(Fig.1,2 1 3) are an indication of the poor 

r e.producibili ty of the experfo1ents. The lines were drm,m to re pre-

sent an approximate best fito 

The indexing of the values point out that values obtained on 

t he same day bear the same relation to other values. This may 

indicate that something is happening to the stock solutions. 

Fig,,l shows that the experimental results for the ionization 

con stant of water in 0.100 !:! NaCl are slightly lower than the 

theore.tica values .. This is probably due to both experimental error 

and the a pproxi..rnate nature of the Debye-Huckel theory. The "best 

fi·;: 11 line yields the values pK(L:-307°) = 13~24 ± 0.07 and pK(27.0°) = 

13~75 ! 0G07G This yields a AH of 13o4 ~ 0o4 Kcal. This compares 
~ N 

favorably with the aH from the theoretical value (~H = 1306 KcalQ1 

Thus, we are incouraged to believe that the experimental pK's of 

this investigation are of satisfactory accuracy and may be used to 

reduce the data for the nucleoside. and nucleotide experim.entso 

The important final results of this investigation are dis­

played in Table IIo 
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Thy;.;_·,idy1ic Acid 
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Table. II 

£K(50°) 

9o28 
9o39 

7o4 Kcal. 
801 

For comparison 1 the only values in the lite.rature are. 10~03for 

thyulidylic acid at room temperature and 9o73 for guanylic acid at 

rcom tempe.rature.o However these measurements are for solutions of 

the nucleotides in H20o This difference. in ionic strength could 

explain part of the discrepancy in the. thymidylic acid caseo 

Hm12ver there is a lack of a similar discrepancy in the case of 

guanylic acid. Also to be considered is the fact that the temper­

ature was not reported by the artic le. Also the precision here is 

probably better. Either of these latter two points could be used 

to re.late the two sets of datao 

According to Table II, thymidine is a slightly weaker acid 
,.., ~ 

than guanosine, and in both cases, ~H 7o5 Kcal. 

If we consider the effect of going from the nucleoside to the 

nucleotide, there is a very slight acid-weakening eff ect (0.10-

0olS pH units) for the thymine series, with a slight increase in 

H. However in the guanine series, there is a large change in pK(25) 

(O.,l:-4 pH units) .but a smaller change in pK(50) (Ool8 pH units), ·· • 
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with a cor-.ce.sponding increase in AH to 12 .. 4 Kcal. It should be 

rwte.d that the nucleotide measurements were done only once. They 

z,:::·e. more likely to be in error than the nucleosidc re.sul ts. The 

elec trostatic effect of the doubly negative phosphate grc~p would 

be acid weakening? in agreement with all observationso It is 

surprising, however, if this is the only effect? that there should 

be such a difference between the effects in the th;ymine. and guan-

i:.1.e series o 

There appear to be four reasonable possibilities. 

1) Tne measurements are all good. There is a much larger 

effect of the 5' phosphate group in the guanine series only. This 

·would suggest that the. 5' phosphate. group is hydrogen bonded to 
,.,J 

the -Ni H- ~ thereby decreasing Ka and increasing AH. For some 

stz~ctural reason, this does not occur in thymidylic acido 

2) The guanylic results are ·wrong and the thymine series 

typical of all nucleoside-nucleotide changeso 

3) The thymidylic results are wrong and the guanine series 

are typical. 

4) The guanine results are not straight forward because 

of the tendency of guanine compounds to polymerize~ 

Further careful experiments and checks should make it possible 

to discriminate between these possibilities. 
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Fig o 1 pK(T) of Solvent 

The values for the pure. water are from the Handbook5 .. The 

theoretical values for the OolOO M NaCl were calculated from the 

Debye -Huckel Extended Limiting Law, 

with I the volume molar ionic strength, f the. dielectric constant 
V 

of water 7 a the. ionic radius in angstroms, Z the valence. of the ion 7 

pY\/ T) the pK of H2o, pKs ( T) the pK of solution of ionic strength 

T - v"' 

Fig ., 2 pK( T) of Thymidine and Thyrnidylic Acid 

Fip: ,, 3 pK(T) of Guanosine and Guanylic Acid 

Cor.1mon to al 1 Fig .. 

The indices on the points of the plots are the Experiment 

Nu...rnber ( see Table I). These allow easy identification of the 

results from the same day. 
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Prospect.7...1s 

Fur,cher investigation~ both at the same and different: t emp­

e.x-2.turcs, is culled for in. a l l four cases., Attention should be 

directed to determining which of the four possibilities is t h~ 

actual one. 

In addition, investigation may be extended to other series of 

nuclcosides .and nucleotd.des., 
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