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Abstract-5-Aminouridine-5’-triphosphate (HaN-UTP) was prepared by enzymatic 
phosphorylation of 5-aminouridine-5’-monophosphate (HaN-UMP)and itseffectiveness 
as substrate for RNA synthesis by Escherichiu coli RNA polymerase was tested. The 
analog substituted specifically for UTP with an efficiency of about 40 per cent in the RNA 
polymerase reaction. HzN-UTP was found to inhibit incorporation of UMP-l4C into 
RNA and the inhibition appeared to be competitive with respect to UTP. 5-Hydroxy- 
deoxyuridine-5’-triphosphate (HO-dUTP) was synthesized and its effectiveness as 
substrate for DNA synthesis by Micrococcus Iysodeikticus DNA polymerase was deter- 
mined. HO-dUTP replaced specifically dTTP in the DNA polymerase reaction and was 
incorporated into DNA to about 37 per cent as compared to dTTP. The analog inhibi- 
ted incorporation of dTMP into DNA and acted as a competitive inhibitor of dTTP in 
the DNA polymerase reaction. The substrate and inhibitory effects of HO-dUTP de- 
creased markedly with increasing pH values. This behaviour was related to the low pKa 
value of 5-hydroxydeoxyuridine. 

THE URIDINE derivative, HsN-Urd,t inhibits growth of bacteria, virus, fungi and 
tumors.l-4 The analog undergoes most of the reactions of uridine, including conver- 
sion to aminouridine diphosphate sugar compounds and minor incorporation into 
RNA.5 Its monophosphate derivative, HsN-UMP, inhibits conversion of orotidylic 
acid to UMP by orotidylic acid decarboxylase. 5 Since HsN-UMP is further phos- 
phorylated to its triphosphate derivative, it was considered of interest to investigate 
the effect of H2N-UTP on RNA polymerase. 

HO-Urd and HO-dUrd are inhibitors of bacterial, viral and tumor growths.21 3* 6 7 
It was shown that HO-Urd is phosphorylated to its triphosphate derivative, HO-UTP, 
which acts as a strong inhibitor of RNA polymerase. 81 Q These studies also suggested 
that the inhibitory effect of HO-UTP is more predominant when the 5-hydroxyuracil 
moiety exists in ionized form. In contrast, the effectiveness of the analog as substrate is 
markedly decreased when it exists in the ionized form. It was considered of interest to 
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investigate the ionization effects of 5hydroxyuracil on the reactions catalyzed by DNA 
polymerase. 

This report describes the substrate and inhibitory effects of HsN-UTP and HO- 
dUTP in the reactions catalyzed by Escherichiu coli RNA polymerase (nucleoside- 
triphosphate: RNA nucleotidyltransferase, EC 2.7.7.6) and Micrococcus Iysodeikticus 
DNA polymerase (deoxynucleosidetriphosphate: DNA deoxynucleotidyltransferase, 
EC 2.7.7.7), respectively. Preparation of HsN-UDP-glucose by UDP-glucose pyro- 
phosphorylase (UTP:a-o-glucose-l-phosphate uridylyltransferase, EC 2.7.7.9) and 
the effect of the cofactor analog on UDP-glucose dehydrogenase (UDP-glucose: NAD 
oxidoreductase, EC 1.1.1.22) reactions are also reported. 

EXPERIMENTAL PROCEDURE 

Materials. CTP-2-l%, ATP-8-i%, dATP-8J4C and dTTP-2-14C were purchased 

from New England Nuclear Corp. Glucose l-phosphate, NADmt, UDP-glucose, 
phosphoenol pyruvate, phosphoenol pyruvate kinase, spermidine-HCl, calf thymus 
DNA, salmon sperm DNA, ribonucleotides and deoxyribonucleotides were obtained 
from Calbiochem. dAT copolymer was kindly supplied by Dr. A. Kornberg. Prepar- 
ations of M. lysodeikticus DNA polymerase and E. coli W RNA polymerase were 
purchased from Miles Laboratories, Inc. Pancreatic ribonuclease was purchased from 

Worthington Biochemical Corp. 
Enzyme preparations. RNA polymerase was prepared from E. coli W by procedure 

B as described by Furth et al.10 and stored at -20” in 50% glycerol.li Crude UDP- 
glucose pyrophosphorylase was prepared from dried brewers’ yeast (Anhauser- 
Busch, Inc., Van Nuys, Calif.), as described by Rabinowitz and Goldberg.12 UDP- 
glucose dehydrogenase was purified from bovine liver by a modified procedure of 
Strominger et ~1.13 A supernatant fraction (100,000 g) of a hyperdiploid strain of 
Ehrlich ascites tumor cells was prepared as described previouslys except that the cells 
were disrupted in a French press. 

Solvent systems. Two paper chromatographic solvent systems were used: Solvent A, 
ethanol-O.5 M ammonium acetate, pH 7.5 (5:2, v/v); and Solvent B, ethanol-O.5 M 
ammonium acetate, pH 3.8 (5:2, v/v). 

Preparation of HzN-UTP. HsN-UMP was synthesized from HsN-Urd as described 
previously.5 HsN-UTP was prepared by the enzymatic phosphorylation of HsN-UMP 
using kinases from a soluble enzyme preparation of Ehrlich ascites cells. The reaction 
mixture (300 ml) contained 0.5 m-mole ATP, 2 m-moles phosphoglyceric acid, 3 
m-moles MgCls, 15 m-moles Tris-HCl (pH 8.0), 0.1 m-mole HsN-UMP and 100 ml 
(1.3 g) of 100,000 g supernatant from Ehrlich ascites cells. After incubation at 37” for 
15 min, the reactions were terminated by heating the incubation mixture at 100” for 
2 min. The precipitates were removed by centrifugation and the supernatant solutions 
were placed on a column of Dowex 1 (chloride), 2 x 40 cm. The products were 
eluted from the column with an ammonium bicarbonate gradient. Initially the mixer 
contained 1 1. water and the reservoir 0.5 M ammonium bicarbonate. After collection 
of about 2 l., the concentration in the reservoir was changed to 1.0 M ammonium 
bicarbonate. HsN-UTP emerged from the column immediately prior to elution of 
ATP. The HsN-UTP fraction was detected by its production of a yellow color with 
p-dimethylaminobenzaldehyde reagent .I4 The fractions containing HsN-UTP were 
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collected, lyophilized and separated from impurities by descending paper chromato- 
graphy in Solvent A on Whatman No. 3 MM filter paper. After elution from the paper 
and lyophilization, the dried product was dissolved in about 1 ml water and desalted 
on a column of Sephadex G-10, 1 x 90 cm. The solution containing HQN-UTP was 
lyophilized and kept at -20” until used. The yield was 22 per cent (based on HQN- 
UMP). The purity of the product was ascertained by paper chromatography with 
Solvents A and B. In each of these systems, the product migrated as a single ultraviolet- 
absorbing area which produced a yellow color with p-dimethylaminobenzaldehyde 
reagent. The molar ratio of acid-labile phosphorus to total phosphorus of the com- 
pound was 1.51. The products formed after treatment of HQN-UTP with 1 N HCl at 
100” for 10 min were chromatographed on Whatman No. 3 MM filter paper in Solvent 
A. A single ultraviolet absorbing spot was obtained which migrated to the same 
extent as synthetically prepared HQN-UMP and produced characteristic yellow color 
with p-dimethylaminobenzaldehyde reagent. l4 Spectral characteristic of HQN-UTP : 
X&f:, 265 rnp.; XP,“,~*, 282 rnp; AQsQ:AQsQ at pH 2, 0.62, at pH 12, 1.4. 

Preparation of H2N-UDP-glucose. HQN-UDP-glucose was prepared from HQN- 
UTP and glucose l-phosphate with a crude preparation of UDP-glucose pyrophos- 
phorylase from yeast.12 The composition of the reaction mixture and the methods of 
purification used were similar to those described for the preparation of 5-hydroxy- 
uridine-5’-diphosphate glucose,15 except that the pH of the reaction mixture was 8.1. 
The yield of HQN-UDP-glucose was 30 per cent (based on HQN-UTP). The purity of 
the product was ascertained by paper chromatography with Solvents A and B. In 
each of these systems the product migrated as a single ultraviolet-absorbing area which 
produced a yellow color with p-dimethylaminobenzaldehyde reagent.14 The Rf values 
of the product in Solvents A and B are 0.51 and 0.21 respectively. The molar ratio of 
acid-labile phosphorus to total phosphorus was 2.04. Treatment of the product with 
1 N HCl at 100” for 15 min released 1 mole glucose per mole of HQN-UDP-glucose 
(calculated on the basis of total phosphate). Spectral characteristics: X$&i, 265 rnp; 
A*,“,:*, 285 rnp; &~o:&xo at pH 1,0.61, at pH 12, 1.4. 

Preparation of HO-dUTP. HO-dUTP was prepared from dUTP by a method similar 
to that used for the preparation of HO-UTPQ except for the following changes to 
affect the purification of the product. The fractions eluted from DEAE-cellulose 
(HCOs-) column containing HO-dUTP were lyophilized and chromatographed on 
Whatman No. 3 MM paper with Solvent A for 40 hr. The product was separated 
completely from 5-bromodeoxyuridine-5’-triphosphate and dUTP. After elution from 
the paper and lyophilization, the dried product was dissolved in a minimum amount of 
water and was desalted on a column of Sephadex G-10. The solution containing HO- 
dUTP was lyophilized and kept at -20” until used. The product chromatographed on 
Whatman No. 3 MM paper with Solvent A migrated as a single ultraviolet-absorbing 
area which produced a purple color with ferric chloride .16 Spectral characteristics : 
Akyxl, 282 rnp; &‘zai2, 304 rnp; A QsQ :A260 at pH 1, 1.89, at pH 12,0.9. 

Assay of RNA polymerase. Incorporation of isotope from radioactive nucleoside 
triphosphates into an acid-insoluble product was used as a measure of RNA polymer- 
ase activity. The composition of the reaction mixture is described under each table and 
figure. Prior to use, the enzyme was diluted with a solution containing 2 mg of crystal- 
line bovine plasma albumin per ml and 1 mM mercaptoethanol.lQ After incubation 
at 38”, the reaction was terminated by addition of 2 ml of 5 % trichloroacetic acid at 
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0”. The acid-insoluble material was collected by filtration through membrane filters. 
washed and counted as described previously.9 Data given in the figures and tables, 
except for those given in Table I and Fig. 1, were calculated after subtraction of blank 
values obtained when DNA or enzyme was omitted from the reaction mixture. Each 
table and figure represents data obtained from a single enzyme preparation. Specific 
activity10 of the enzyme preparation varied from 700 to 1000, except for those used 
for Table 1 and Fig. 3, where the activity was 500 units/mg of protein. 

Assay of DNA polymerase. The conversion of a W-labeled deoxyribonucleoside 
triphosphate into an acid-insoluble product was used as a measure of DNA polymer- 
ase activity. The reaction mixtures were prepared as described by ZimmermanI and 
are indicated under each table and figure. Prior to use, the enzyme was diluted with a 
solution containing I mg of bovine serum albumin per ml containing 50 mM Tris, pH 
7.5, and 10 mM mercaptoethanol.~? After incubation at 37” for 30 min, the reaction 
was terminated by chilling and the addition of 2 ml of cold 5% trichloroacetic acid. 
Prior to addition of trichloroacetic acid, 0.1 ml of calf thymus DNA (0.5 mg/ml) was 
added as a carrier. The acid-insoluble material was collected by filtration through 
membrane filters, washed and counted as described previously.9 The data given in 
figures and tables, except for those given in Fig. 5 and Tables 2 and 3, were calculated 
after subtraction of blank values obtained when DNA or enzyme was omitted from the 
reaction mixtures. An enzyme preparation having a specific activity of about 100 
units17 per mg was used. Each table and figure represents data from a single enzyme 
preparation. 

Assay of ~DP-g~~~ose ~e~ly~rogena~e. UDP-glucose dehydrogenase was assayed 
spectrophotometrically by meas~tring the rate of NAD+ reduction as indicated by the 
increase in optical density at 340 rnp .lj An enzyme preparation having a specific 
activity18 of about 4000 units per mg of protein was used. 

RESULTS AND DISCUSSION 

Ikorporation of HzN-UTP into RNA. The extent to which HzN-UTP replaced UTP 
in the synthesis of RNA by RNA polymerase is shown in Fig. 1 and Table 1. The 
substitution of H2N-UTP for UTP in RNA synthesis was assessed from the incorpora- 
tion of an accompanying natural substrate, 19 CTP-l*C or ATP-1%. The data of Fig. 1 
show that the incorporation of CMP-l*C into RNA was dependent on HeN-UTP 
con~ntration and the nlaximunl incorporation of CMP-14C was achieved at approxi- 
mately the same level of HzN-UTP as that of UTP. It is apparent from the data of 
TabIe 1 that HzN-UTP substituted specifically for UTP with an efficiency of about 40 
per cent. The substrate activity of HzN-UTP for RNA polymerase is consistent with 
the previous finding that HzN-Urd is incorporated into RNA of Ehrlich ascites cells.5 

Inhibition of UMP-1% incorporation into RNA by H2N-UTP. The inhibitory effect 
of H2N-UTP on incorporation of UMPJ4C into RNA is shown in Fig. 2. The presence 
of an equimolar concentration of HzN-UTP and UTPJ4C depressed incorporation 
of UMP-W into RNA by about 30 per cent. A maximum depression of about 60 
per cent was produced by a 3-fold molar excess of H2N-UTP. Conventional reciprocal 
plots of the data obtained in the absence and presence of HzN-UTP suggested that 
the inhibition of RNA polymerase by the analog is competitive with respect to UTP 
(Fig. 3). 

It has been shown that certain viruses grown in the presence of I&N-Urd are hyper- 
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FIG. 1. Incorporation of CMP-14C into RNA in the presence of various concentrations of HaN-UTP 
and UTP. The reaction mixture, 0.5 ml, contained UTP or HaN-UTP at concentrations which were 
varied as indicated; ATP, GTP and CTP-14C (1 x lo6 cpm/pmole) each at 80 FM; 4 mM MgCh; 
2 mM MnClz; 2 mM mercaptoethanol; 2 mM spermidine-HCl; 50 mM Tris-HCl, pH 8.0; calf thymus 
DNA (equivalent to 0.90 absorbance unit at 260 m) and 1.2 rg enzyme. The incubation was carried 
out at 38’ for 20 min. Isotope incorporated into acid-insoluble material was measured on Millipore 
filters as described in the text. The data were plotted after subtraction of blank value (0.02 mrmole) 

obtained by omission of HsN-UTP and UTP. 

TABLE 1. CAPACITY OF H2N-UTP TO REPLACE UTP, CTP, ATP OR GTP IN RNA 
SYNTHESIS 

Expt. no. and nucleoside triphosphate added* 

1. CTP-‘*C, ATP, GTP, UTP 
2. As in expt. 1 minus DNA or enzyme 
3. CTP-“C, ATP, GTP, HzN-UTP 
4. As in expt. 3 minus HaN-UTP 
5. CTP-l*C, ATP, UTP, HaN-UTP 
6. As in expt. 5 minus HzN-UTP 
7. CTP-14C, GTP, UTP, HaN-UTP 
8. As in expt. 7 minus HaN-UTP 
9. As in expt. 3 minus DNA or enzyme 

10. As in expt. 3 plus RNAse 
11. ATP-l*C, GTP, UTP, CTP 
12. ATP-‘*C, UTP, GTP, HaN-UTP 
13. As in expt. 12 minus HaN-UTP 
14. ATP-14C, GTP, Cl-P, HzN-UTP 
15. As in expt. 14 minus HaN-UTP 

Nucleotide incorporated 
(mpmoles) 

- 
46-l 
0.11 
1.85 
0.12 
0.20 
0.13 
0.37 

8% 
0117 
4.73 
0.36 

Y:Z 
0.40 

*Each incubation mixture, 0.5 ml, contained 80 pM of each of the following nucleoside triphosphates 
indicated to be present in each experiment: ATP, GTP, Cl?, UTP, HaN-UPT, CTP-l*C (1 X lo6 
cpm/pmole) and ATP-W (l-2 x lo6 cpm/pmoie). Other conditions were as described in Fig. 1, 
except that 10 pg enzyme was used. 
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FIG. 2. Effect of E&N-UTP on incorporatjon of UMP-1°C into RNA. The reaction mixtures Were the 

same as described in Fig. I except that 80pM each of UTP-1% (1 *: 10” cpm/pmole), ATP, GTP and 

CTP were present and the concent~tion of HzN-UTP was varied as indicated. The incorporation 

of UMP-14C into RNA in the absence of analog was 1.66 mpmoles, and this value was taken as 

100 per cent information. 

o UTP 

Fk. 3. Plots of the reciprocal of the rate of UMP-14C jncor~ration (E) against the reciprocal of the 
molar concentration of UTP (s) in the presence and absence of HsN-UTP. The reaction mixture, 
05 ml, contained ATP, GTP and CTP, each at 80 pM, and 10 pg enzyme. The concentration of 
UTP-l*C (1 ,X 10” cpm/moIe) was varied as indicated and HzN-UTP was present at 6OpM concen- 

tration. Other conditions were as described in Fig. I. 
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sensitized to nitrous acidm20 This increased susceptibility to deaminating agent was 
considered to be due to substitution of this analog for uridine in RNA of those viruses. 
The present data show that HsN-UTP substitutes for UTP to an extent of about 40 
per cent in the RNA polymerase reaction. Although the incorporation of HzN-UTP is 
substantial, it is apparent from the data of Fig. 2 that it does not inhibit RNA syn- 
thesis significantly. However, it is possible that high incorporation of HsN-UTP into 
RNA may result in functional alterations which may contribute to the inhibitory 
action of HsN-Urd. 

Formation of H2N-UDP-glucose and its e#iect on UDP-glucose dehydrogenase. The 
nucleoside triphosphate, HsN-UTP was active as a substrate for UDP-glucose 
pyrophosphorylase of yeast. Conversion of HsN-UTP into HsN-UDP-glucose by this 
enzyme was about 50 per cent as compared to the conversion of UTP into UDP-glucose 
under similar conditions. The effectiveness of HsN-UTP as substrate for UDP-glucose 
pyrophosphorylase is consistent with the previous findings that HsN-Urd is converted 
to Saminouridine diphosphate sugar compounds in Ehrlich ascites cells.5 

0.21 0 UDP-glucose 

. H2N-UDP-glucose 

Time, min 

FIG. 4. Relative rates of reaction of UDP-glucose and HsN-UDP-glucose with UDP-glucose dehydro- 
genase. The reaction mixture, 1.0 ml, contained 2.0 mM NAD+, 50 mM Tris-acetate, pH 8.0, 0.21 

mM UDP-glucose or HsN-UDP-glucose and 90 units of enzyme. 

Comparison of the initial rate of NAD+ reduction by UDP-glucose dehydrogenase 
in the presence of HaN-UDP-glucose or UDP-glucose showed that the analog was 
oxidized at a rate one-half that of UDP-glucose (Fig. 4). 

Incorporation of HO-dUTP into DNA. The extent to which HO-dUTP replaced 
dTTP in the synthesis of DNA by DNA polymerase with salmon sperm DNA as 
template is shown in Table 2. The analog was about 37 per cent as efficient as dTTP. 
The substitution of HO-dUTP for dTTP in the DNA polymerase reaction was assessed 
from the incorporation of an accompanying radioactive natural substrate, dATP. The 
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TABLE 2. CAPACITY OF HO-dUTP TO REPLACE dTTP, dCTP, dATP OR dGTP IN DNA 
SYNTHESIS 

Expt. no. and deoxyribonucleoside triphosphate added* Nucleotide incorporated 
(mpmoIes) 

1. dATP-14C, dCTP, dGTP, dTTP 0.55 
2. dATPJ4C, dCTP, dTTP 0.02 
3. As in expt. 2 plus HO-dUTP 0.03 
4. dATP-“C, dTTP, dGTP 0‘04 
5. As in expt. 4 plus HO-dUTP 0.07 
6. dATP-‘*C, dCTP, dGTP 0.04 
7. As in expt. 6 plus HO-dUTP 0.23 
8. dlTP-14C, dCTP, dGTP, dATP 0.36 
9. dTTP-14C, dCTP, dGTP 0.02 

IO. As in expt. 9 plus HO-dUTP 0.01 

*Each incubation mixture, O-3 ml, contained 33.3 PM of each of the following deoxyr~~nu~ieoside 
triphosphates indicated to be present in each experiment: dGTP, dCTP, dTTP, dATP, HO-dUTP, 
dATP-14C (9.7 T: IO5 ~pm/~mole) and dTTP-14C (73 x 10” cpm~~mole); 3.3 mM MgCfa; 0.1 mM 
mercaptoethanol; 66.3 mM Tris-HCI, pH 7.4; 20 pg of salmon sperm DNA and 0.085 unit of enzyme. 
The incubation was carried out at 37” for 30 min. Isotope incorporated into acid-insoluble material 
was measured on Millipore filters as described in the text. 

dTTP or HO-dUTP, rnp moles 

Fro. 5. Incorporation of dAMPJ4C into polyn~lcleot~de in the presence of various concentrations 
of HO-dUTP and dTTP. The reaction mixture, O-3 ml, contained HO-dUTP or dTTP at concentra- 
tions which were varied as indicated: 33.3 pM dATP-ldC (9.7 % i05cpm/flmoIe) and 0.031 absorbance 
unit at 260 rnp of dAT copolymer was used as template. Other conditions were the same as described 
in Table 2, except that dGTP and dCTP were omitted. The data were plotted after subtraction of 

blank value (O-01 m~mole) obtained by the omission of HO-dUTP and dTTP. 

effectiveness of HO-dUTP as replacement for dTTP in the DNA polymerase reaction 
with poly dAT as template is shown in Fig. 5. The incorporation of dAMP-l4C was 
dependent on HO-dUTP con~ntration. Maximum incorporation of dAMP-1% 
occurred at about the same concentration of HO-dUTP as that of dTTP. 

The ply, value of deoxythymidine is 10. It may be assumed that the p& value of 
HO-Urd (74) is not appreciably different from that of HO-dUrd. Thus, the decrease 
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TABLE 3. EFFECT OF pH ON THE ABILITY OF HO-dUTP TO SUBSTITUTE FOR dTTP IN THE 

DNA POLYMERASE REACTION 

Deoxyribonucleoside 
triphosphate added* 

dAMP iyOzporatedf 
0 

pH 7.5 pH 8-O pH 8.5 pH 9.0 pH 9.5 

dATPJ4C, dGTP, dCTP, dTTP 
dATP-“C, dGTP, dCTP, HO-dUTP 

100 (0.25) 100;;.27) 1002(60~19) 1001$Y17) 100 t.06) 
45 

*Each incubation mixture, 0.3 ml, contained 16.6 pM dTTP or HO-dUTP; dGTP., dCTP and dAT- 
P-W (9.7 x 105 cpm/pmole) each at 33.3 PM; and 66.6 mM Tris-HCl at indicated pH values. 
Other conditions were as described in Table 3. The blank value obtained by omission of d’TTP and 
HO-dUTP was subtracted from each value given in the table. 
lValues in parentheses represent mpmoles of dAMP incorporated. 

in the effectiveness of HO-dUTP as a substitute for dTTP with the increase in pH 
(Table 3) suggests that the undissociated form of the analog is the preferred substrate 
for DNA polymerase. A similar effect is observed when HO-UTP replaces UTP in the 
RNA polymerase raction.g These data follow the conclusion of Kahan and HurwiW 
that dissociated bases are not incorporated into polynucleotides by RNA polymerase, 
even though they possess hydrogen bonding groups at the same positions as the natural 
purine and pyrimidine they replace. 

Inhibition by HO-dUTP of dAMPJ% or dTMP-‘4C incorporation into DNA. The 
inhibitory effect of HO-dUTP on incorporation of d.ATP-14C or dTTP-1% into DNA 
is shown in Fig. 6. The inhibitory effect of HO-dUTP on DNA synthesis was more 

l dATP-“k 

0 dTTP-“k 

I I I I 
0 20 40 60 80 

HO-dUTP, mp moles 

Fro. 6. Effect of HO-dUTP on the incorporation of dAMP-14C and dTMP-14C into DNA. The reac- 
tion mixtures were the same as described in Table 2, except that 33.3 PM each of dCTP, dGTP, dlTP 
and dATPJK! (9.7 x lOscpm/~mole) or 33.3 pM each of dCTP, dGTP, dATP and dTTPJ4C (7>3 x 

IO5 cpm/pmole) were present. The concentration of HO-dUTP was varied as indicated. The incorpo- 
ration of dAMP-W and dTMP-W into DNA in the absence of analog were 0503 and 0.534 rnp- 

moles, respectively, and these values were taken as 100% incorporation. 
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pronounced when dTTP was used as the labeled substrate. For example, at a molar 
ratio of HO-dUTP to dTTP-14C of 4, the analog depressed the incorporation of 
dTMP-14C into DNA by more than 70 per cent whereas the analog present in the 
same ratio produced only about 50 per cent inhibition of dAMP-14C incorporation. 
This difference is consistent with the previous results, which show that HO-dUTP 
specifically substitutes for dTTP in the DNA polymerase reaction. Thus, incorpora- 
tion of the analog into DNA would be expected to produce a corresponding decrease 
in dTTP-14C incorporation. 

A more detailed investigation of the nature of this inhibitory effect of HO-dUTP 
compared initial rates of dTMP incorporation in the presence of HO-dUTP at various 
concentrations of dTTP-W. Analysis of the data according to Lineweaver and Burk 
suggested that the analog acts as a competitive inhibitor of dTTP in the DNA poly- 
merase reaction (Fig. 7). 

0 dTTP-14C 

. dTTP-"C+HO-dUTP 

. / 

. 

I 

0 0.2 0’4 0.6 

r/s x/A-' 

FIG. 7. Plots of the reciprocal of the rate of dTMP-14C incorporation (0) against the reciprocal of the 
molar concentration of dTTP (s) in the presence and absence of HO-UTP. The reaction mixture, 
0.3 ml, contained 33.3 PM dATP; 3.3 mM MgClz; 0.1 mM mercaptoethanol; 66.6 mM Tris-HCI, 
pH 7.4; 0.031 absorbance unit at 260 rnp of dAT copolymer and 0.17 unit of enzyme. The concentra- 
tion of dTTP-r4C (7.3 x IO5 cpm/pmole) was varied as indicated and HO-dUTP was present at 

66.6 PM concentration, The rest of the conditions were as described in Table 2. 

The observation that pH has a marked influence upon HO-dUTP incorporation 
into DNA, reflecting the low p& of HO-dUrd as compared to deoxythymidine, led 
to studies of the effect of pH on the inhibitory effect of HO-dUTP. The results showed 
that as pH values were increased the inhibitory effect of HO-dUTP on dTMP-1% 
incorporation into DNA was decreased. For example, at pH 7.5, HO-dUTP decreased 
dTMP incorporation into DNA to about 50 per cent of the values obtained in the 
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absence of analog (Table 4). At pH 9.5, dTMP was incorporated to about 99 per cent 
of the control at the same molar ratio (2:l) of analog to dTTP-1%. 

A control experiment was conducted to determine the chemical stability of HO- 
dUTP at the pH values used in these studies. No change in absorptivity of light at 
280 or 260 rnp occurred when a solution of HO-dUTP was maintained at room 
temperature in a buffer at pH 9.5 for 24 hr. Thus, the decreased effectiveness of HO- 
dUTP as substrate or inhibitor of DNA synthesis at higher pH values is not due to its 
degradation. From the data showing the extent to which HO-dUTP replaced dTTP in 
DNA synthesis (Table 2) and the amount to which dTTP incorporation into DNA is 

TABLE 4. EFFECT OF pH ON THE INHIBITORY EFFECT OF HO-dUTP ON dTMP INCORPORA- 
TION 

dTMP incorporatedi_ 
(%I 

pH 8.0 pH 8.5 pH 9.0 pH 9-5 

None 
33.3 

1ooj;.33j 100~~.31) 100:;.21) 100$~.17) 1009(~.10) 

*Each incubation mixture contained 166 PM dTTP-r*C; dGTP, 
dCTP and dATP each at 33.3 PM; 66.6 mM Tris-HCI at indicated pH 
values. Other conditions were as described in Table 2. 
jVaIues in parentheses represent wmoles of dTMP incorporated. 

depressed by this analog (Fig. 6), it appears likely that the inhibition of DNA synthesis 
by this analog is primarily due to its ability to act as an alternate substrate for dTTP. 
The effect of pH on the inhibitory effect of this analog in DNA synthesis is also 
explained by its action as an alternate substrate. This conclusion is supported by the 
data of Tables 3 and 4, which show that the inhibition is more pronounced at the 
optimum pH for the analog incorporation, and that the incorporation of HO-dUTP 
into DNA and its inhibitory effect on DNA synthesis both decrease progressively with 
the increase in pH values. 

The behaviour of HO-dUTP in DNA polymerase reaction is distinctly different 
from that of HO-UTP in RNA polymerase reaction.9 Unlike HO-dUTP, the inhibjtory 
effect of HO-UTP on RNA synthesis cannot be explained by its ability to act as an 
alternate substrate for the ribonucleoside ~iphosphate which it replaces. Futhermore, 
the inhibitory effect of HO-UTP on RNA synthesis is more pronounced when the 
nucleotide exists primarily in the dissociated form. 

Preliminary experiments showed that HO-dUrd is not phosphorylated to HO- 
dUTP by kinases from E. coli or Ehrlich ascites cells. Thus, the inhibitory effects of 
HO-dUrd cannot be explained by the effect of HO-dUTP as substrate of inhibitor 
of DNA synthesis in these c.ells.3* 6 However, since there is a facile conversion of HO- 
Urd to its nucleotides in Ehrlich ascites cells, it is possible that the deoxyribonucleo- 
tide of the analog may be formed by the action of nucleotide reductase. 
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