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Abstract 

By following UV absorbance, UV absorption spectra and changes in high _nertbrmance liquid chromatography hydrate peak elulion areas 
during the reversion of uracil, uridine and 5'UMP hydrates induced by heating hydrated samples in boiling water for 10 min or by incubating 
acidified samples ( pH I ) at room temperature for 24 h, it is shown that these methods do not lead toquantitative dehydration. Thedisap~m'ance 
of hydrate peaks and the higher recovery of both the UV absorbance and UV absorption spectra obtained after heating acidified samples (pH 
I ) indicate that this method is best to achieve total dehydration. Catalysis of dehydration in phosphate buffer solution is also discussed. 
© 1997 Published by Elsevier Science S.A. 
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1. Introduction 

The formation and the properties of the photohydrates have 
been extensively reviewed [ i -3 ] .  A means of quantifying 
the photohydrates' tbrmation is that the photolysis of some 
pyrimidines, such as uracil, uridine and UMP, can be reversed 
by subsequent acidification or heating [ 4,5 I. These methods 
have generally been accepted as being equally effective for 
dehydration. However, an obvious difference in the extent of 
dehydration between heating irradiated uridine and 5 'UMP 
aqueous solutions and heating those containing 0. I M phos- 
phate buffer solution (PBS) was noted during investigation 
of the enhancement of the photolysis of nucleic acid mono- 
mers by phosphates 16,71. 

2. Experimental 

In our experiments we have employed a 9 W low pressure 
mercury lamp as a radiation source. A 20% acetic acid solu- 
tion of ! cm pathlength was employed to filter off the pho- 
tochemically significant quantities of 184.9 nm, 194.2 nm 
and 222.4 nm UV light. For actinometry we used the chro- 
mophore loss of uridine in aerated aqueous solution at pH 6 
(tkCj=0.Ol8) I8,91. Light intensity at irradiated site is 
0.62 Einstein min- ~. Dehydration methods used were those 
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introduced by Sinsheimer and Hasting [4,51 and by Moore 
and Thomson [ 10,111. Uracil, uridine and 5 'UMP (Sigma 
Co.) solutions were irradiated directly in quartz cells ( Beck- 
man). Substrate concentration was of the order of 
IX 10 -4 M, and chromophore changes during irradiation 
were followed using a Beckman DU 640 spectrophntoraeter. 
For comparison of the dehydration efficiencies of different 
dehydration methods, irradiated samples were mixed and 
then diluted to half of their initial concentrations so as to 
facilitate the addition of PBS (Na2HPO~, KHzPO4, pH 6.98) 
and hydrochloric acid. The reversal percentage is defined as 
the percentage of UV absorbance at A ,~  of uracil, uridine 
and 5 'UMP after dehydration compared with the decrease in 
absorbance after irradiation. In the previous investigations, 
quantification of hydrate formation was obtained by follow- 
ing absorbance changes and no attempts were made to deter- 
mine whether total dehydration had been achieved in the 
solutions studied. Wang noted [ 12] that reactions of the 
hydrates with only acid, alkaline or heat did not bring about 
a total reconstitution, but his attempt to isolate the product 
from the reaction mixture was not successful. In this experi- 
ment uracil and uridine were distinguished from their 
hydrates based on the modified methods introduced by Gur- 
zadyan and Gomer [8,9] (ODS, Hypersil 200X4.6 ram, 
2 ml min-  t for uridine and 1 mi min-  J for uracil, detected 
at 200 nm and 262 nm, Hewlett Packard 1050 series). The 
assignment of high performance liquid chromatography 
(HPLC) elution peaks corresponding to starting material and 
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photohydmtes  was supported by results that after dehydration 
o f  irradiated samples  the hydrate peaks disappeared and the 
initial substrate was recovered. Hydrate peaks o f  5 ' U M P  can 
not be separated from their parent under  the present  condi- 
tions. The  eluent  was prepared from a Mill(pore ( M i l l ( Q )  
system.  No further additives were used in elution process 
because o f  their absorbance at 200 nm. 

3. Results and discussion 

Dehydrate results o f  the photohydrates o f  uracil, uridine 
and 5 ' U M P  are summar ized  in Tables i and 2. Al though it 
has  been cla imed that heating irradiated samples  in a boiling 

water  bath tor 15 min can lead to an increase in absorption 
comparable  with that produced by addition o f  hydrochloric 
acid [5 l ,  we have shown that total dehydration can not be 
achieved either by heating samples  in boiling water for 

Table 1 

Comparison of reversal percentage using different dehydration ,azthods 

l0  min or by incubating acidified samples  at room tempera- 

ture for 24 h. The reversal percentage obtained by heating 

samples  in a boiling water bath tbr I 0 min is the lowest among  

the results obtained. The typical absorption spectra o f  the 

hydrates (below 220 nm)  after heating samples  for 10 min 
can be clearly observed (Fig. I ). HPLC elution o f  the heated 
samples  also clearly demonst ra tes  the residual peaks o f  uri- 

dine hydrate isomers (Table  3) .  In the recent works by Gur- 

zadyan and Gorner  18,9], the identification o f  the hydrates 

was based on the disappearance o f  the hydrate peak after 
heating samples  from 5 rain to 30 min and the recovery o f  

the initial substrate. From Table 4. it is clear that quantitative 
dehydration can not be achieved by heating the samples  even 

for 30 min. 

The reversal percentage obtained by incubating acidified 

samples  (pH I ) tbr 24 h in the dark at room temperature 
14,51 is h igher  than that o f  the above method from Tables  I -  
3. Elution peaks corresponding to hydrates o f  uracil and uri- 

NA Time ( rain I A. A, Addilive R, R. R~ 

Urd 10 1.087 (I.264 31.8 8.1) 54.7 
PBS 86.5 20.4 93. I 
pH I 96.5 711.5 98.4 

60 1.11211 0.1X18 - 77.3 5.7 63.(I 

PBS 97.2 17.8 97.6 
pH I 98.8 69.0 t 0 1  

18(1 1 I)40 0.021 - 21.7 1811 88.8 
PBS 91.8 26.6 93. I 
pH I 95.7 69.2 98.0 

72(1 1.032 0.027 - 14.0 12.0 411.9 
PBS 62.11 27.2 62.6 
pH I 64.4 44. I 63.4 

UMP 2(1 1.025 0.064 - 411.4 6.5 61.4 
PBS 74.9 13+1 84.1 
pH I I(X) 95.7 103 

61) 1.000 O.b~) I - 68.8 8.3 71.4 
PBS 79.0 I 1 .9 89.7 
pH I 99.8 93,0 I(13 

180 1.030 0.033 - 53.9 I 1,7 69.9 
PBS 70.9 17.0 83.8 
pH I 93.2 85.4 92.6 

720 1.029 0.020 - 19.6 I 7.0 58.9 
PBS 62.6 25.2 62.6 
pH I 66.4 60. I 65.-I. 

Urn 80 (I.869 11.452 - 20.6 I I .(} 12.9 
PBS 64.3 15.8 50.4 
pH I 48.9 36,9 52,3 

180 (I.849 0.081 - 17. I 13.7 54.6 
PBS 50.9 50.4 
pH ! 53.3 47.0 

720 0.857 0.006 1.9 3.5 5.9 
PBS 33.8 14.8 39.7 
pH 1 35.7 33.8 34.5 

Reve~al percentage is calculated on the basis of the equation (AH --A,/Ao--A,) X 100%. where A. is the initial absorbance at A,.~. of uracil, uridiue and 5'UMP. 
A, is the absorbance after irradiation; AH is the absorbance after dehydration. Rj is the result obtained by heating samples in a boiling water bath for l0 min 
directly after irradiation. R: is the result for samples after 24 h of incubation in the dark at the room temperature and R~ is the result by heating of samples in 
boiling water bath for IO rain after 24 h of incubation in the dark at room temperature. 
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Table 2 
Reversal perceutagc by different methods versns irradiation time 

Irradiation time ( rain ) 5 10 15 20 3n 40 50 f-~) 

A,, ( Urd ) 1.074 I .n74 1.075 1.074 1.075 1.078 1.078 1.078 
A, (Urd) 0.644 0.371 0.101 0.1)66 0.1)21 0.018 0.018 0.016 
R) (Urd) 42.3 40.5 50.2 25.4 43.7 30.8 33.0 48.2 
R_, ( Urd ) 65.6 70. I 72.2 70.8 71).7 69.8 71.9 71.8 
R~ (Urd) 96.7 100 102 101 101 98.2 101 101 

Ao (UMP) 1.051 1.050 1.047 1.049 1.048 I .I)46 1.036 1.035 
A~ (UMP) 0,655 0.350 0.189 0.059 0.020 0.013 0014 0.017 
R; (UMP) 54.8 60.9 65.9 66.2 68.5 69.0 69.7 73.4 
R_, (UMP) 92.2 9 I. I 92.9 91.4 91.2 91.3 89.8 89.5 
Ra (UMP) 102 I01 lU3 101 101 IiX) 99.4 99.1 
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Fig. I. U V spectra of uridiue ( A ) before and ( B ) alter 60 rain of irradiation. 
Cu~'es (C~ and (D) are absorption spectra of the dehydrated samples 
obtained by heating the aqueous solution at 100 °C for 10 rain and by 
incubating at pH I for 24 h. Triangles on curve I A) are absorption spectra 
of the dellydrated samples obtained by heating Ihe acid|lied solution ( pH I ) 
in a boiling water bath for 10 ntiu. 

dine i somers  were  clearly observed  dur ing HPLC elution of  

acidified samples  ( Table 3 ). Acid-catalyzed dehydrat ion was  

found to fol low lirst-order kinetics with respect  to the 

hydrates  o f  uridine, 1,3-dimethyluracil  and 5 ' U M P .  Dur ing 
acid revers ion the rate constant  at p H I  is 55.5 × I 0 ~ min t 

Table 3 

lor  the hydrates  o f  uridine within  about  60 rain, after which  

the rate cons tant  decreases  markedly  [ 13 ]. Similar  results  
was  also achieved during acid reconstitution o f  1,3-dimethyt- 
uracil hydrates  I 13 I. There tbre  it is theoretically insufficient 

to expect  total dehydrat ion o f  uridine hydrates  in 24 h. It may  

be concluded  that this is not an appropria te  approach to total 

dehydrat ion in spite o f  the fact that it has  been ci:ed as a 

s tandard method  tor  dehydrat ion by s o m e  textbooks  e.g. Ref. 

1141. 
Catalysis  o f  dehydrat ion by the phospha te  g roup  o f  5 ' C M P  

has  been sugges ted  to account  for  the s ixlbld increase in 

reversal  rate compared  wi th  that o f  3 ' C M P  [ 3 I. F rom Table l 

we can see that catalysis  in phosphate  buffer  solut ion is sig- 

nificant tbr  uracil and its derivatives,  but  the rate increase is 
ext remely  s low at room temperature.  The  reversal  percentage 

may  be accelerated by raising the temperature  (Tab le s  I and 
2 ). Addit ion o f  PBS before  or  after  irradiation does  not  affect 

the reaction process.  Also,  the dehydrat ion efficiency does  

not appear  to be dependent  on the PBS concentra t ion in the 

range f rom I × I 0 -  ~ M to 0.5 M. F rom Tables  1 and 2 it is 

evident  that the efficiency o f  dehydrat ion by heat ing ,samples 
conta in ing PBS is still lower  than that o f  heat ing acidified 
samples .  C o m b i n e d  with the observa t ions  o f  residual elution 

area o f  uracil and uridine hydrate peaks  in HPLC chromato-  

g rams  (Tab le  3) ,  this indicates that heat ing hydrate solut ions 
conta in ing PBS is not  the best  way to achieve total 

dehydrat ion.  

Elation peak areas of uridine, uracil and their hydrates using different dehydration methods 

RT A. A,,~, ....... H~ H, H~ S~ S., S~ 

Abs, 2,., ...... 1.080 0JM9 0.414 1.088 1.102 0.086 0.234 0.862 
Urd 4.20 518 0 196 516 530 16 94 402 
Hydrate I 1.59 0 255 181 i 4 n 252 236 6 I 
Hydrate 2 I +96 0 284 21)6 I 0 0 288 254 67 

Abs, :~,, s ...... 0.899 0.472 0.648 0.666 0.652 0.516 0.534 0.636 
Ura 3.18 I 121 659 771 742 998 692 713 96 I 
Hydn~te 2.65 0 197 41 0 0 132 97 21 

RT: retention time ( rain ) ; This table shows the elution area of samples alter heating in boiling water for tO rain ( H~ ) or heating those containing 0.1 M PBS 
( H, ) or 0. I M HCI (H~). S~ indicates the elution area of sample after incubating for 24 h. S, and S~ are the elution areas of samples con',aining 0.1 M PBS and 
0. I M HCI respectively alter incubating for 24 h. 
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Table 4 
Reversal percentage as a function of heating time. Reversal percentage is obtained by prolonged heating of irradiated uridine and 5'UMP samples 

NA A. Time (rain) A, 5 min 10 min 15 rain 20 min 25 min 30 r a i n  H*,,,,,, 

Urd 1.056 20 0.046 13.3 24.4 36.8 47.7 57. I 65.9 102 
UMP 1.061 20 0.084 37. I 63.6 75.6 83.5 89.3 92.5 100 

H'm,,,,,: reversal percentage obtained by firstly acidifing the heated (30 min) samples to pH 1 then heating acidified samples for 10 min in a boiling water 
ba~. 

From Tables !--4 it is clear that the efficiency o f  dehydra- 
tion by heating acidified samples immediately or  after incu- 
bating for 24 h is always higher than that o f  other methods 
emp!oyed. Total reversion o f  the initial UV spectra, UV 
absorbance and the disappearance of  hydrate peaks afterheat- 
ing acidified samples suggest that this is the best approach to 
total dehydration. The relatively low reversal percentage o f  
uracil, uridine and 5 ' U M P  samples after prolonged irradia- 
tion is due, o f  course, to eventual destruction of  initial 
photoproducts. 

We can see from Tables i - 3  that hydrates are the dominant 
products o f  uridine within 3 h o f  irradiation. From changes 
o f  UV absorbance, UV absorption spectra and HPLC elution 
areas after heating acidified samples we can estimate that the 
reversal percentage is close to 100% if the irradiation time is 
less than 3 h. The similar recovery in both UV absorbance 
and UV spectra seems to indicate that hydration is also the 
dominant process during irradiation o f  5 'UMP.  For uracil, 
the elution area o f  its hydrate accounts for only about half o f  
its decreased substrate elution area. 

As to the quantification o f  hydrate formation, heating acid- 
ified samples may be taken as a method o f  quantifying the 
hydrates o f  uridine, and possibly for 5 ' U M P  and uracil only 
under the condition o f  using 0.1 mM or  lower concentration 
solutions and conducting irradiation under air because of  the 
reported limiting concentrations for uracil dimerization 
( >0.1 raM) and oxygen quenching the formation o f  pyrim- 
idine dimers [ !--3,15 ]. In view o f  the instability of  anti cyclo- 
butane dimers o f  uracil and uridine with respect to reversion 
to parent compound upon heating in acid [2,3,161 and the 
possibly o f  other photoproducts during acid reversion, it 
should be emphasized that there are possibly problems with 
using reversal achieved by heating in acid as the sole quan- 

titative measurement o f  hydrate formation without accom- 
panying experiments being undertaken. The preferred 
supplementary method for quantifying hydrate formation 
would be chromatography. 

Acknowledgemen t s  

This work is supported by the presidential foundation o f  
the Chinese Academy o f  Sciences. 

References 

[ I I A.D. Mclaren, D. Shugar. Photochemistry of Protein and Nucleic 
Acids. Oxford University Press, Oxford. 1964. pp. 174-216. 

[ 2 ] J. Cadet. P. Vigny. in: H. Morrision (ed. L Bioorganic Photochemistry. 
Photochemistry and Nucleic Acids, vol. I. Wiley-interscience. New 
York. 1989, pp. 40-207. 

13l G.J. Fisher. H.E. Johns. in: S.Y. Wang ted.), Photochemistry and 
Photobiology of Nucleic Acids, vol, I, Academic Press, New York, 
1976. pp. 169-289. 

{41 R.L. Sinsheimer, R. Hasting. Science I lO (1949) 525. 
15) R.L. Sinsheimer. Radial. Res. I (1950) 5C5. 
16l K.-J.. Wang, X.-M. Pan, J.-L. Wu, W.-Q. Wang, Photochem. 

Photobiol., in press. 
171 K.-J. Wang. Doctoral Dissertation, Peking University, June. 1995, 
18] G.G. Gurzadyan, H. Gomer, Photochem. Photobiol. 63 (1996) 143. 
(gJ G.G. Gurzadyan, H. Gomcr. Pbotochem. Pholobiol. 60 (1994) 323. 

[ I 0] A.M. Moore. C.H. Thomson. Can. J. Chem. 35 (1957) 163. 
[ I I J A.M. Moore, C.H. Thomson. Science 122 ( 1955 ) 594. 
[ 12] S.Y. Wang, Pbotochem. Photobiol. I (1962) 37. 
113] S.Y. Wang. Photochem. Photobiol. I (1962) 135. 
1141 D.P. Valenzeno, R.H. Potter, P. Mathis, R.H. Douglas, Photochemical 

Techniques, Plenum. New York. 1990. p. 349. 
1151 I.H. Brown, H.E. Johns, Pbotochem. Pbotobiol. 8 (1968) 273. 
[ 16J A.J. Varghese. Biochemistry lO ( 1971 ) 4283. 


