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Little is known about the contribution of the minor nucleotides to 

the functional properties of tFWA. Although impressive progress has been 

made for the chemical synthesis of the gene for alanine tRNA from yeast 

(Kumar et ti,,1968) the total synthesis of a tRNA containing the minor bases 

is not expected in the near future. The selective chemical modification of 

specific minor components in tRKA provides an approach for the study of 

the functional role of the minor nucleotides avoiding de novo synthesis of -- 

tRNA. lodification of a minor but not of a major component allows the 

alteration of topographically well-defined regions for tRNA species with 

known primary structure. 

A novel reaction is described in this paper which selectively transforms 

the minor nucleoside 4-thiouridine to uridine or uridine and cytidine in 

E. coli tRNA under extremely mild photochemical cOnditiOnS. 

Results 

Irradiation of 4-thiouridine in air-saturated tert. butanol with a 

mercury high pressure lamp filtered by a Pyrex filter or with monochromatic 

light at 330 w leads to the rapid and virtually quantitative formation of 

uridine. Isosbestic points were observed in the absorption spectrum measured 

as a function of light dose. No reaction is observed in the absence of air 
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or oxygen. The pseudo-first order rate constants for the disappearance of 

4-thiouridine and the formation of uridine were 0.10 min.1 and 0.08 min-1, 

respectively (figure 1). No significant change in the rates was found when 

a constant stream of air was passed through the photolysis solution. Irra- 

diation of Il-thiouridine in water on the other hand leads to a complex mix- 

ture of products resulting, in part, from addition of water to the 5,6-double 

bond (Ochiai and Cerutti, unpublished results). 

Cytidine and uridine were obtained in a ratio of approximately 1:l 

when a mixture of ammonia and air (I: 2) was passed through the photolysis 
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Ng. l- Phototransformation of 44hiouridine to uridine in tert butanol. 
H, disappearance of &thiouridine calculated from the 

absorption at 330 ~I.L in O.OlMphosphate buffer pH 7 (E=U.Zx103). 
W+, Sonnation of uridine calculated from the absorption at 

262 mu in O.OlMphosphate buffer pH 7 (c=lOxiO3). 
Irradiation with a 200 watt mercury high pressure lamp with a Pyrex 
filter sleeve in air-saturated tert. butanol. 
Inset: semi-log plot of the same data demonstrating pseudo-first 
order kinetics. 
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solution. Variation of the composition of the gas mixture influenced the 

ratio of the two products substantially; cytidine and uridine were obtained 

in an approximate ratio of 2 :l when a mixture of ammonia and air (1 :l) 

was passed through the solution. however, some uridine was generated even 

when 44hiouridine was photolyzed at -Tao in liquid ammonia. The products 

were identified by thin-layer chromatography and separated on JUE-paper 

and Dowex SOi&X8(@) (see also legend to Figure 2). 
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Fig.2 - Phototransformation of 4-thiouridine to uridine and cytidine in 
tert. butanol. 
w, disappearance of 4-thiouridine calculated from the 
absorption at 330 ~IU in 0.04iYIphosphate buffer ph 7~ 
&-&, formation of cytidine calculated from the absorption at 

279 mu in 1N HCl (E= 13.14~ 103). 
Ht formation of uridine calculated from the absorption at 

262 rnp in 0.04Mphosphate buffer pH 7 (e= 10x103); a correction 
was made for the absor&ion of Lthiouridine at 262 np. 
Irradiation conditions see legend to Figure 1. A 1:l mixture 
of dry air and ammonia (40 ml/min) was passed through the photo- 
lysis solution. Gas flow and the composition of ths gas mixture 
was monitored by flow meters. Cytidine WBS removed from the sari- 
ples by passage through Dowex 5OW-X8(H+) for the determination 
of uridine and 4-thiouridine. Cytidine was obtained by elution 
with N sodium hydroxide. 
Inset: semi-log plot of the same data demonstrating pseudo- 
first order kinetics. 
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The reaction was highly selective for kthiouridine. The major 

nucleosides and the minor nucleosides pseudouridine, 1-methyladenosine, 

glucosyl-2-thiouracil (used as a node1 compound for the corresponding ribo- 

side) and N6-isopentenyladenosine were photochemically inert when irradiated 

at longer than 300 mp in tert. butanol as judged by absorption spectroscopy 

and thin-layer chromatography. The hexadecyltrimethylammonium salt of 

E. ccli WNA, prepared according to Jeil and Zbel (1962), was irradiated 

with monochromatic light at 330 w in tsrt. butanol in air or in an ammonia- 

air atmosphere. The dose dependent loss of the absorption at 335 rnb 

originating from the 4-thiouridine residues in the tflNA salt was found to 

follow pseudo-first order kinetics with a rate constant of 9x10-3 min -1 

at ambient temperature in air-saturated tert. butanol. The rate constant 
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Fig. 3 - Kinetics of the disappearance 0, f free 4-thiouridine and 4-tbio- 
uridine in E. coli t-WA (hexadacyltrinethylammonium salt). 
H , disappearance of free 4-thiouridine; log of the 
absorbance at 335 WI in tert. butanol. 
H, disappearance of 4-thiouridine in E. coli tHNA (hexa- 

decyltrimethylammonium salt); log of the absorbance at 335 rnp in 
tert. butanol. 
Irradiation with monochromat.ic light at 330 WL using a 1200 line 
Bausch & Lomb grating monochromator (25OO watt Xenon high pressure 
lamp). Quantum flux determined with a thennopile and a ferrioxa- 
late actinometer (Hatchard and Parker, 1956). 
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for the photoreaction of the monomer under the same conditions was a 

comparable 8x10-3 min-1 (Figure 3). A pseudo-first order rate constant 

of 6x10-3 min-1 for the photoconversion of kthiouridine in the thNA salt 

was obtained when a stream of a mixture of ammonia and air (1:l) was 

passed through the photolysis solution. No fragmentation of the tRNA subse- 

quent to exposure to irradiation in an ammonia-air atmosphere could be 

detected from the elution pattern of the irradiated sample on Sephadex GlOO 

(lo-3Ktris-buffer, pH 7). 

Discussion 

The novel reaction described in this paper involves the mild photo- 

oxidation of kthiouridine to an intermediate which readily undergoes hydro- 

lysis or ammonolysis to uridine or cytidine, respectively, The intermediate 

may well be N-ribosyl-2-oxy-pyrimidine-4-sulfonate or the corresponding 

sulfinate. There are several examples in the literature, which support this 

interpretation. The oxidation of thiopyrimidines to the corresponding 

sulfinates and sfifonates and the hydrolysis of these intermediates to the 

corresponding pyrimidinones has been described (Drown, 1962; Taylor and Cheng, 

1960). Most significantly N-(2'-deoxyribosyl)-2-oxy-pyrimidine-ksulfonate 

has been demonstrated (Ziff and Fresco, 1968) as an intermediate in the 

oxidation of 2'-deoxy&-thiouridine with sodium periodate (cf. Lipsett, 1965). 

No direct evidence for the formation of a sulfonate intenediate has been 

obtained In our experiments. However, sulfite ions were detected in the 

photolysis solution thus supporting the notion that a sulfonate intermediate 

is formed. The mild photooxidative conditions, in contrast to the much more 

vigorous conditions of the oxidation with periodate, may lead to a relatively 

low stationary concentration of the intermediate. Lov levels of the sul- 

fonate or sulfinate in the presence of relatively large amounts of starting 

material or product may well escape detection by the spectrophotauetric 

techniques used in our experiinents. 

The presence of 44,hiouridine has been detected in phenylalanine, valine, 
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tyrosine and tyrosine su+ tRNA from E. coli (tB$he, Uziel, 1966; tiiN&y,, 

Lipsett and Doctor, 1967; tRN&yrsu +, Goodman & al,, 1968). The number and 

localization of the &thiouridine residues in these polymers is not yet 

known with the possible exception of tyrosine tBNA. Detection and local- 

ization of 44hiouridine in oligonucleotides in the sequence elucidation 

of E. coli tRNA is hampered by the instability of 4-thiouridine towards 

mild acid and base (cf. Madison, 1968). A recently developed method for the 

selective reduction and labelling of 4-thiouridine in tRNA with sodium boro- 

tritiide (Cerutti et al 1968) circumvents this difficulty, The selective --* 

photochemical conversion of 4-thiouridine in the presence of C I 4 nethyl- 

amine into the stable derivative I$-~4~methylcytidine offers an alternative 

solution to this problem. 

The biosynthesis of 44hiouridine in E. coli tRNA involves the thiolation 

of specific uridine residues in the preformed polymer (Lipsett et al,,1967). 

The modified tRNA obtained by the selective photochemical transformation 

of bthiouridine to uridine may therefore be considered a precursor in the 

biosynthesis of tRNA. 

Studies of the effect of the iodine oxidation of the thiopyrimidine 

nucleotides in E. coli tRNA (Carbon ti a&,1965; Lips&t, 1966) and in 

i3. subtilis tRNA (Doi & &hler, 1966) did not yield conclusive information 

about the functional role of these minor components especially since the 

influence of the modification on the secondary and tertiary structure of 

the tRNA cannot be assessed. The phototransformation of 44hiouridine to 

uridine and cytidine induces the transition of a minor to a major nucleo- 

side in tRNA. No unnatural nucleoside derivative with unpredictable 

effects on the properties of the tRNAi5 formed in this reaction. The 

ribose portion of the 3*-terminal adenosine residue of tRNA is not affected 

by the mild and highly selective oxidation conditions used in these experiments. 

Part of the usual difficulties in the interpretation of the effects of 

chemical modifications on the biological activity of tRNA are therefore 

avoided in this case. 
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It is hoped that a comparison of the biological activity of ‘LRNA pre- 

parations containing at identical locations in their primary structure 

either 4-thiouridine, uridine or cytidine will yield new insight into the 

functional role of bthiouridine. 

Acknowledpenent 

Ne would like to thank E. B. Ziff and J. R. Fresco for making their 

nanuscript available to us prior to publication. These studies were sup- 

ported by grant M 14090 from the National Institutes of Health and by a 

grant from Hoffmann-La Roche Inc., Nutley, New Jersey. One of us, M. P., 

is a Natl, Inst. of Health Postdoctoral Trainee. 

References 

Brown, D. J., "'The Pyrimidines*O, Interscience Publishers, New York, (l962), 
PP. 234, 277ff. 

Carbon, J. A., Hung, L. and Jones, Il. S., Proc. Natl. Acad. Sci. 9790965) 
Cerutti, P., Halt, J. W. ard Miller, N., 38 J. Mol. Biol. 2, 505 (19 '> 
Doi, R. H. and Goehler, B., Cold Spr. Harb. Symp. (&ant. Biol. 2, 457 (1966) 
Goodman, H. E., Abelson, J., Landy, A., Brenner, S. and Smith, J. D., 

Nature 217, 1019 (1968) 
Hatchard, C.,,G. and Parker, C. A., Proc. Roy. Sot. (London) A 221, 518 (1956) 
Kumar, A., Buchi, H., Caruthers, M. H., Gupta, N., Ohtsuka, E., Sgaramella, V,, 

vjeber, H. ard Khorana, H. G., 156th ACS Meeting, Atlantic 
City, 1968, Abstr. 261. 

Lipsett, M. N., J. Biol. Chem. *, 3975 (1965). 
Lipsett, M. N., Cold Spr. Harb. Symp. @ant. Biol. a, 449 (1966) 
Lips&t, M. N. and Doctor, B. P., J. Biol. Chem. 242, 737 (1.967) 
Lips&t, M. I~., Norton, J. S. and Peterkofsky, A., Biochemistry 5, 855 (1967) 
Madison, J. T., Ann. Rev. Biochem. z, 131 (1968) 
Taylor, E. C. and Cheng, C. C., J. Org. Chem. 3. 148 (1960) 
Uziel, El., Biochem. Biophys. Res. Commun. 3, 105 (1966) 
Neil, J. H. and Ebel, J. P., Biochim, Biophys. Actajj, 836 (1962) 
Ziff, E. B. and J. R. Fresco, J. Am. &em. SOC., in press. 

76 


