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It has previously been shown that, under appropriate conditions, 

some (up to 18%) of the thymlne residues in the DIVA of thymine-dependent 

bacterial atrainrr may be replaced by 5-ethyluracil (Piechowaka k Shugar, 

1965). Interest attaches to the use of this baee analogue of thymine in 

that the 5-ethyl substituent, apart from its Increased bulk, affects the 

pKa of the base or nucleoaide to only a small extent (Swierkowskl & Shugar, 

1966), and its base-pairing properties would not be expected to be altered, 

a8 is suspected to be the case for 5-halogen0 uraoils and other base 

analogues. The synthesis of 5-ethyldeoxyuridlne (Swierkoweki & Shugar, 

1966) hae now made it possible to study the incorporation of this baee 

analogue Into bacteriophage DNA, and to examine some of the properties of 

the resulting intact, phage and Its isolated DNA. 

Initial trials were carried out with phage 13, the host cell 

being the thymlne-dependent B. &CR-34 strain. Phage synthesis In the 

presence of EtUdRX and Btu was examined in the following manner: The host 

cells were cultivated on a glycerol medium (Fraser & Jerel, 19531, in the 

presenm of 10 pg/ml. thymine, to an optical density of 0.20 (l-2 x 108 

x The following abbreviations are used in thls text: Etu, 5-ethyluracil; 
EtU, 5-ethyluridlne; BtUdR, 5-ethyldeoxyuridine; T, thymine; TdR, thym- 
idlne; Bru, 5-bromouracll; BrUdR, 5-bromodeoxyuridine; P&El, 5-fluoro- 
deoxyurldine. 
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cells/ml.). The cell8 were collected by centrifugatlon, washed twice with 

thymine-free medium, aad suspended in freshly-warmed medium to an optical 

density of 0.2. The suspension was divided into five portions, one of 

which aerved ae control; to the other four were added thyrlne or Etu at 

concentrations of 10 p&al. and StUdh or TdR at concentrations of 20 &al. 

Following 10 mine. Incubation at 37' on a shaker, all five samples 

were innoculated with phaue T3 at an Infection multiplicity of 0.01. 

After 5 mlnutee adsorption wlthout shaking, incubation was continued on 

a shaker at 37'. and samples wlthdrawn at various time Interval8 for 

mealrurements of phage titre. 

The results of a typical experiment are Illustrated in Flu. 1, 

and show that BtUdFl is capable of supporting phage T3 eynthelris in the 
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Time after inFection (mins.) 

Flu. 1: Synthesis of baoterlophage 13 on g. coli CR-34 In the preaenoe 
ofthynline and thymldlne, and the=esponding analoaues 
5-ethyluracfl end 5-ethyldeoxyurldine (further detail8 in text). 
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absence of thymine or TdR, albeit not as effectively as these latter; Btu 

is effective only to a small extent. Similar attempts were carried out 

with other T-phagea, via. T2, T4 and T7. Phage T7 was also found to be 

capable of utillaing BtUdR, but more effectively than phage T3, the 

yield of phage being almost identical to that obtained in the presence 

of thymine or TdR. The infectivity of both phagea cultivated in the 

presence of BtUdR was similar to that of normal phase. 

By contrast the T-even phagea were capable of utillalng EtUdR 

only to a moderate extent. T-even phage synthesis was conducted in the 

presence of FUdR to Inhibit thymidylate synthetaae, which la known to be 

induced by T-even phanea in thymine-dependent strains harrier & Cohen, 

1954). Under these conditions, phage T2 and 14 synthesis on g.- m CR-34 

was relatively feeble as compared to T3 (also in presence of FUdR). Under 

the same conditions BrUdR supported T2 synthesis almost as effectively 

as TdR. It is therefore clear that the ability to utd.llae BtUdR differs 

between T2 and T3 which, as la known, exhibit appreciably different path- 

ways of DRA synthesis @tent, 19631. 

Atteapta to promote synthesis of phases T2 and T3 with BtUdR 

and & u B as host (in the presence of FUdR) were entirely negative, 

showing that the ability to utiliae EtUdR is dependent also on the host 

cell. 

The results for phage T3 synthesis in the presence of EtUdR on 

S. a CR-34 Indicated appreciable incorporation of this analogue. Phage 

ayntheals was therefore carried out under these conditions on a larger 

scale aAd the phage purified and concentrated as described by Miyaeawa 

k Thomas (1965) and collected by centrifugation at 60,000 g. Phage DRA 

was then Isolated by the phenol method according to Frenkel (19631. The 

BRA was hydrolyaed in concentrated fortic acid (Wyatt, 1955) and the 

bases separated by two-dImensiona thin-layer chromatography on RR-3006 

cellulose as described by Randerath (19651, using the followlng solvents: 
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I, methanol-cont. HCl-IX20 (70:20:10, v/v/v\; II, butanol-H20-cont. NR,OH 

(87:8:5, v/v/v), which gave an excellent separation of 5-ethyluracll from 

thymine. The bases were eluted as described by Randerath & Randarath, 

1965) with O.OW HCl and concentration8 determined epectrally. The results 

demonstrated that 66% of the thymine residues were replaced bs Etu. 

For purpoees of comparieon, phaRe T3 was also prepared on a 

larger scale in the presence of BrUdR and the resulting DRA ieolated and 

hydrolysed in the eame manner. Complete eeparatlon of Bru in this case 

required the use of a third solvent 8ystem, ethyl acetate-H20-formic acid 

(60:35:5, v/v/v). In thie way it was shown that replacement of thymlne by 

Brtl occured to the extent of 61 mole %. 

Temp. (“C) 

Fig. 2: Thermal profile8 In SSC solvent of phage T3 DRA: 
o-o-o-o, heating profile for normal Dl?A. 
x-x-x-x, heating profile for DNA containing 66% Etu residue6 in 

place of thymine. 
A-A-&A, cooling profile for normal DNA. 
A-&-A-&, cooling profile for Mu-DNA. 
e-e-e-e, second heating profile for normal DNA. 
cH)ocI. second heatiu8 profile for Etu-DNA. 
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The temperature profiles of the Etu-DNA and Bru-DNA were then 

compared with those of normal phage T3 DlVA, with the results shown in 

Fig. 2, for Etu-DNA and normal DNA, In SSC (0.15M NaCl + 0.0151 sodium 

citrate). It will be seen that the temperature hyperchromicity of both 

DNA samples is the same, as are also the breadths of the profiles. But 

the Tm of Etu-DNA Is 4.5' lower than that of the control, thus indicating 

a lower degree of stability. This decrease in stability was unaltered at 

a lo-fold lower salt concentration, and is in agreement with the lower 

stability of the twin-stranded poly-(A + EtU) as compared to poly-(A + rT) 

(Swierkowskl & Shugar, 1566). 

By contrast phage T3 Bru-DNA, in 0.1 SSC, exhibited a temperature 

profile with a Tm 2.8' higher than that of normal phage T3 DNA. With SSC 

as solvent this difference in Tm, and stability, disappeared, in agreement 

with reported findings on synthetic polynucleotide analogues (Inman & 

Baldwin, 19621, mammalian DNA (Kit & Hsu, 15611 and bacterial DNA 

(Szybalski & Menningman, 1962). 

From Fig. 2 will be seen that at elevated temperatures Etu-DWA 

appears to renature more slowly than normal DNA during the cooling cycle. 

However, in separate experiments conducted under more optimal conditions, 

at 65', this difference was considerably decreased. Renaturation was 

complete In all Instances, as estimated from the reappearance of the 

original hypochromicity and, as shown in Fig. 2, from the fact that a 

second heating cycle gave an identical profile and Tm value. The behaviour 

of Bru-DNA was fully analogous. A comparison of the kinetics of renatur- 

atlon of Etu-DNA and Bru-DNA with normal phage T3 DNA demonstrated that 

the rate for Etu-DNA was slightly less than that for normal DNA, while 

that for Bru-DNA was, in turn, slightly leas than that for Etu-DNA. The 

smell differences in rates of renaturation imply that the bulkier ethyl 

group does not introduce any appreciable steric hindrance to formation 

of a helical structure. 
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