
7Xerntochimicn Acfa, ZUD (1977) 36X-370 
@ Ekcvicr Scientific Publishing Company. Amsterdam - Printal in The Netherlands 

A DIFFERENTIAL SCANNING CALORIMETRY-THIN-LAYER CEIRO- 
MATOGRAPHY STUDY OF RIBONUCLEOSIDES 

Thermal mutagenesis has been associated with cleavage of the glycosidic bond 

and modification of the base structure. Using deoxynucleosides as models, thermal 
analysis has been utilized to determine the influence of structure on relative ease of 
these thermolysis reactions. Diff~rcrrtial enthalpic analyses of a series of crystalline 
ribonucleosides indicate that they arc more resistent to glycosidic cleavage than are 
the corresponding 2’-deoxyribonucleosides. This difference in rhermal stability is 
attributed to the ,retarding influence of the 2’-hydroxyl group on the initiation of ion 
pair formation in the proposed cyclic transition state. Cytosine exhibits a unique 
behavior insofar as partial deaminatinn of the base occurs, subsequent to cleavage 
from the sugar, to yield uracil as indicated by a combined DSC-TLC analysis. 

Recently, it has been suggested that heat may be a mutagenic asent which 
could be more important to evolution than arc the ordinary erron in DNA replication’. 
Consequently, it is desirable to know the stability of heredity determinants to thermal 
energy. Accordingly a program of studies involving rhermal analysis, via diKerentia1 
scanning calorimetry (DSC). has been undertaken using deoxynucleosides, the sub- 
components of DNA, as model compounds. 

The DNA code molecule is a long chain defined by the sequence in which 

four nuclcotide bases appear along a backbone of ribose and phosphate. The key 
to both the use and duplication of the code, contained in the sequence of the DNA 

molecule, Iies in the concept of complimentary pairing of nucleotidc bases by hydrogen 
bonding. In view of the importance of base pairing to the functioning of DNA, the 
integrity of the N-glycosyl bonds that bind the individual bases to the DNA polymer 
chain as well as the maintenance of the character of the base itself are essential co 
continued identity of the code. 

Our previous studies’ generally indicate, that for pure crystalline deoxynucleo- 
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sides, a weak exothermfc or endothermic process following fusion is indicative of . 
base clcavagc, a prootss which is accompanied by liberation of furfutyl alcohol and 
water. The presence of the products suggests the p+ibility that, in the fused state 
and in the absence of specific rugents, glycosidic cleavage may be occurring via a 
pyrolytic E, elimination resembling that of the ester pyrolysis or Chugaev reactions. 

A comparable Ei elimination involving 2’-deoxyuridine 
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might proceed as follows: 

It is important to note at this point, that a strong base is not required in the 
Chugacv or ester :pyrolyd and similarly would not bc required for the proposed 
(vidc infra) mechanism for glycosidic cleavage of deoxyribonucleosides. Since the 
above mechanism involves a CLS elimination it was anticipated that thermolytic 
cleavage of ribonucleosides (e.g., uridine) could occur in a similar manner to that 
for 2’-deoxynucleosidde, e.g., 2’-dcoxyuridine, 
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2’- DEOxYtJRtDtNE URIDINE 

Therefore a study of the thermal properties of ribonucleosides was undertaken with 
a view to establishing the validity of this premise, 



The ribonucleosidcs used in this experiment were of the hi@st puritycommcrci- 
ally available from ICN. Nutritional Biochemicals and Calbiochem. All calorimetric 
measurements were obtained on a Perkin-Elmer DSC-IB differential scanning 
calorimeter, With an instrument of this type, both the transition temperatures and 
the transition energies are obtained simultaneously with the aid of an lnfotronix 
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Fig. 1. ‘Ilhcrmoganrs of ribon~dcs ova the tcmpcmturt raw MI-&O K. 



TABLE 1 

Comprmd 

UriditIC 
Uridinc (emit?) 
Uridinc (ao) 
Urzuil 

Cytidinc 
Cyridinc (endo) 
Cytidinc (co) 
Cytidirv (hcarcd) 
Cycosine 
UrJdl 

Guano5inc 
Gumknc (cndo) 
Gualla!5inc (2nd endo) 

Guano&c (ao) 
Gmninc 

AdtnoY’ItC 
Aknasin Cendo) 
Acknakc (ao) 
Admosinc (heaced beyond ao) 

a’-hxyuridim 
2’-Jkcmyuridinc 
‘I’-Deoxymridinc 
2’-Dcoxyuridinc 
Urzil 

Thymidinc 
Thymidioc 
Thymidinc 
Thymidine 
Thymine 

2= Dcoxbm idinc 
2’-DcmxyqJidine 
2’-mmx~nc 

Temp. (UJ RP 
-_-_--__.-_---.. ___ 
sofvenr systrtll 

--.A--.-P-o_ 

J JJ 
-mm mm ___..- _-. ____.___ -_ ._-.- _._. _____ __..__._ 

0.91 0.35 
0.91 0.35 
0.83 0.50 
0.83 0.50 

0.87 0.08 
0.87 0.08 
0.89 0.08 
0.89 O-SO 
0.81 0.08 
0.83 0.50 

0.75 0.13 
0.75 0.13 
0.75 0.13 
0.01 0.01 
o-01 0.01 
0.01 0.01 

0.70 0.22 
0.70 0.22 
0.60 0.24 
0.60 0.24 

unJYcitccJ 0.87 0.42 
445 0.87 0.42 
515 0.82 0.51 
610 0.82 0.50 
unhuwd 0.82 0.50 

unhc;lrcd 0.79 0.58 
475 0.79 0.58 
535 0.71 0.68 
605 0.71 0.68 
IUlhUtCd 0.71 0.68 

rm~wd 0.68 0.06 
495 0.68 0.06 
535 0.59 0.09 

2~!‘-Deoxycyridinc 

Cytou’Pc 
Umcil 

55s 

unheard 

0.59 
0.80 
0.59 
0.81 

2’meoxyadcnosioc Unheated 0.70 
2’-Dcoxyadmasinc 405 0.70 
2’-Dtaxyadcnosinc 438 0.70 
Z-DWXJfdCWiinC 445 0.70 
2’Deoxyad43UXk 470 0.70 

{ 

0.01) 
0.50 
0.09 
0.50 

0.39 
039 
0.39 
0.39 

0.39 
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TABLE 1 (contint&) 
-_ -.- -._-- - -- --_. - --W---.-S_._ - _-.- __---..._ - .--. 

Compoud Temp. (K) RF 
----.- -- - 

sobwtt sysrcm 
.- --.._. _._- - _ 
I II 

___--_-. _- - -___-___._ __ _-- _..__- ---------- __.__-_--._ - - - ---. 

2’-Deo%yasi~tirn 505 0.63 u-41 
2’-De0xyadenasinc 620 0.63 a41 
AdWlhC unhcarcd Ob3 0.41 

2’-Deoxygrranosine unheated O-7 1 O-I6 
r-fkrtxygIiamsine 430 O-7 I @.I6 
2’-ikoxyguanasinc 350 0.7 I 0.16 
2’-Dcoxy&plzultine 475 0.71 0.16 

2’-Deoxyguxnosinc MO 0.71 
( 0.16 
1 o-00 

2’-Deacy~uanosine 5-W 0.00 0.00 
Guanosine unhated 0.00 0.m 
__- ..-_- -__ _.-- .-._ _ _ _ ,_ ,___.__ ____.._ _-_-..- _.._. -. - .- - - _ 

CRS-I IO. The calibration of the DSC instrument was carried out in the usual manner. 
All experiments were performed with samples in the weight ran_ee of 0.3 to 0.6 mS 
at a scan rate of 20 K min-’ and range 2. 

fin-payer chrornato~~~h~~ (_TLC) separations were carried out on contmerci- 
ally available plates (MN Silica Gel S-HR/Ux sJ) using the solvent system I : chloro- 
form-methanol -water; v/v 4:2: I and system II (ethyl acetate-isopropanol-water; 
v/v 75: 16: 19 (rcf_ 4) The ribonucleosides were examined in this manner and 
exhibited the behavior of a single componcnt- 

Samples of the ribonuclcosides, a~ obtained commercially, were individually 
encapsulated and heated under nitrogen at a scan rate of 20 K min-’ and a rungc of 
2mcal sez- ’ full scale, The heating cycle was stopped immediately after the first peak 
was recorded, and the sample quickly removed and cooled to its original temperature. 
Using a fresh sample, the temperature was programmed until the second peak was 
recorded- Once again the sample was removed. This procedure was repeated until 
samples were obtained to cover each stage of tfrc progressive thermal cycle. 

Each of the aluminum pans was then carcful!y opened, placed in a small vial 
and then treated with a drop or two of the -same solvent as would be used in the 
development of the TLC plates, A small amount of each sample (unhated) was 
dissolved in the same solvent to serve as a TLC reference. 

The thermogram for uridinc (Fig. 1) ruveak an endotherm at 446 K and a 
serrated exotherm at 570 K, Thin-layer data (Table I) verify that the initiaf endotherm 
results from fitsion at 446 K_ The exotherm at 570 K results in glycosidic cleavage 
with liberation of uracil as indicated by TLC (Table 1). 
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Cytidine responds to heat in a manner similar to that of uridine, exhibiting an 
endotherm at 1196 K and an erratic exotherm at 551 K (Fig. I)_ The first endotherm 
is due to fusion without decomposition (Table I). Thin-layer data indicate that 
glycosidic cleavage occurs at 551 K but results in the liberation of uracil along with 
cytosine. The lirmation of uracil might be accounted for in terms of a subsequent 
reaction involving water released from the sugar portion of the molecule following 
glycosidic cleavage- 

HO-CN~ 
H OH 

A L-Q / H 
Ho OH_ 

HO-CH2 

H 0 

It is interesting to note in connection with this reaction, that deamination of cytosine 
residues, rather than depurination, has been suggested as the cause of heat muta- 
genesis. at least in l-4 bacteriophage’. Calorimetric data indicate, however, that in 
the fused melt, cytidine is not converted to uridine since glycosidic cleavage occurs 
prior to deamination 

The thcrrnognm for adcnosinc (Fig. I) reveals a similar pattern to that of 
uridine. The fujion endotherm occurs at 515 K while glycosidic cleavage was associ- 
atcd with a scrtatcd exotherrn at 567 K as atablished by TLC. A small endotherm 
was obtained at 632 IQ due to fusion of the free base_ 

Guanosine exhibits an initial broad endotherm at 387 K followed by a sharp 
endotherm at 530 K continuing abruptly into an exotherm at 535 K. The 530 K 
endotherm results from fusion, a value corroborated by TLC data. Following dis- 
integration of the crystal lattice, the compound immediately undergoes cleavage 
yieldins gwGne_ The cxothermic portion of this thermogram differs greatly from 
that associated with glycosidic cleavage in uridine, cytidinc and adenosine, insofar 
as it does not give an erratic exotherm. It is important to note, in connection with this 
phenomenon, that the thermolysis temperature for guanosine lies anywhcrc from 
1535 EC below that required by other ribonucleosides- It is therefore probable in the 
case of guanosine and for the sample sizs utilized, that the pressure build-up due 
to vaporization of the by-produets of thermolysis is not quite siHEdent to cause 
leakage from the sealed sample holder, 
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While the thermolysis temperature for guanosinc is much lower than that 
required by other ribonucleosides, it is much higher than that required to effect 
cleavage in the case of the 2’4eoxyribonucleosides (Table I), indicating that the 
presence of the 2’-hydroxyl group increases thermal stability of ribonuclcosides. 
TherefoE if an Ej elimination is involved as previously suggested. the 2’-hydroxyl 
group must increase the energy required to pass through the cyclic transition stats’. 
On the basis of examinations of space-filling models. assuming this cyclic arrangement, 
it appears probable that the retardin, = influence of the hydroxyl group is electronic 
in nature rather than steric. 

Like other elimination mechanisms, the Ei elimination may tend to proceed 
to an ion pair as a result of bond breaking prqceding bond making or vice versa_ If 
the thermolysis of ribonuclcosidcs occurs via such a route, then the ease of the 
reaction would also be influenced by electronic factors at other locations on the 
molczule. Indeed previous studies have shown a dirc!t relationship bctwccn the 
increased ease of glycosidic cleavage and the inductive effect of a Z&halo substituent 
on 2’-deoxyuridines”. Furthermore, Ihc Smethyl g.roup in thymidine has been shown 
to decrease the case of thermolysis of 2’-deoxyuridincs. Consequently, these data 
indicate the importance of electron withdrawal from the N(I) atom in facilitating 
the reaction. Thus, if the bond-breaking step involving glycosidic clcavaze precedes 
bond formation with the development of an ion pair, then the original bonding elec- 
trons of the glycosidic bond must move towards the N(1) atom and away from 
the C(l) carbon of the furanose ring. In ribonuclcosides, therefore, the 2’-hydroxyl 
group through its negative inductive effczzts, would inhibit development of a positive 
charge on the C(I) atom. 

Thus the greater 
deoxynucleosides 
mechanism. 

FoRMArIoN 

thermal stabilities of ribonucleosidcs over the corresponding 2’- 
can be accounted for within the framework of the postulated Ei 
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The nature elf physical and chemical changes associated with enthalpimetric 
transitions, resulting from the application of thermal stmss to crystalline ribo- 
nuclcosides; has been established by the combined utilization of DSC and TLC. These 
studies indicate that the ribonucleosides, like the corresponding 2’4eoxyribonucleo- 
sides, undergo thermolyticcIeavage of the _QJycosidic bond but at a higher tempurzlturzz 
It is postulated that the thermolysis reaction involves a cyclic mechanism similar to 
that of the Chugaev reaction. The retarding effict ofther-hydroxyl_groupisattributed 
to its destabilizing influence on ion pair formation in the ratedetermining step. 
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