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SUMMARY. 3'-deoxyadenosine triphosphate inhibited in vitro [3H]UMP incorpo- 
zby RNA-dependent 

-- 
RNA polymerases from tobacco and cowpea plants. The 

inhibition of [ H]UMP incorporation could be reversed by simultaneous addi- 
tion of higher ATP concentrations but not with increasing concentrations of 
UTP or when excess ATP was added 10 min after the inhibitor. These results 
suggest 3'-deoxyadenosine triphosphate competes specifically with ATP in 
reaction mixtures and results in premature termination of RNA synthesis in - 
vitro by RNA-dependent RNA polymerase. 

INTRODUCTION. Most cellular RNA is synthesized by DNA-dependent RNA polymer- 

ases. However, RNA-dependent RNA polymerases have been extracted from 

Chinese cabbage (11, tobacco leaves (21, cowpea leaves (31, and tobacco 

callus (4). The enzymatic activity is found predominantly in 100,000 xg 

supernatant and produces small (4-6S), predominantly dsRNA (2,3). The enzyme 

exhibits greater activity in the presence of Mg 
++ 

than Mn ++ , possess an 

endogenous RNA template, and is completely dependent upon the presence of all 

four nucleotides for activity. The template-free enzyme, MW approximately 

160,000 daltons, prefers RNA over DNA as a template (5). 

The antibiotic 3'-deoxyadenosine (cordycepin) inhibits synthesis of 

certain cellular (6) and viral RNA (7,8) while other RNA synthesis is resis- 

tant to the antibiotic (6,8,9). The inhibitory effects of this antibiotic 

are generally ascribed to its conversion in vitro to the nucleoside triphos- -- 

phate which acts as a potent inhibitor of DNA-directed RNA polymerases 

(10,111. This inhibition is caused by premature termination of RNA chain 

elongation. Whether chain termination results from incorporation of 3'-dAMP 

Abbreviations: 3'-dATP = 3'-deoxyadenosine triphosphate; 
3'Ado = 3'-deoxyadenosine. 
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in place of AMP is not certain since AMP rather than 3'-AMP has been found to 

be the end residue in RNA chains prematurely terminated by 3'Ado (6). Since 

3'Ado inhibits in vivo synthesis of some RNAs while others are resistant, the -- 

effect of 3'-dATP on the in vitro RNA synthesis by RNA-dependent RNA polymer- -- 

ase was investigated. These results suggest that 3'-dATP promptly and 

specifically competes with ATP and prevents AMP incorporation in RNA. 

MATERIALS AND METHODS. 3'-dATP and other biochemical8 were obtained from 
Sigma Chemical Co., [3H]UTP was obtained from New England Nuclear. Primary 
leaves of cowpea [Vignqunguiculata CL.1 walp. var. California blackeye] and 
leaves from lo-15 cm high tobacco (Nicotiana tabacum var. Xanthi) were used 
as enzyme source. For the preparation soluble RNA polymerase from cowpea, 
leaves were homogenized in 0.05 M Tris-hydrochloride (pH 7.4 at 4 C), 0.01 M 
KCl, 0.001 M EDTA, and 2.5 mM DTT (5 ml per g of tissue) in a chilled 
mortar. The homogenate was filtered through 2 layers of Miracloth and the 
filtrate centrifuged at 1,000 g for 10 min. The supernatant fraction was 
adjusted resulting supernatant fluid was adjusted to pH 4.7 with 1 N HCl, 
allowed to sit at 4 C for 15 min, then centrifuged at 20,000 g for 20 min. 
The pellet was resuspended in 10 mM Tris-hydrochloride (pH 8.0 at 35 C), 10 
mM KCl, 25 mM (NH4)2S04, 5% glycerol, and 2.5 mM DTT (0.1 ml per g tissue). 
This solution was used as the source of the soluble RNA polymerase. The 
enzyme from tobacco was isolated by the above procedures except different 
buffers were employed (4). The standard RNA polymerase assay mixture con- 
tained 100 mM Tris-hydrochloride (pH 8.0 at 35 C), 10 mM MgCl 

::o: $kP 
10 pg/ml actinomycin D, 0.5 pmoles/ml each &P ',:d:T,""; 

and various concentrations of ATP (0.1-1.0 pmoles/ml). 
standard reaciion mixture was 0.1 ml. 

ihe 
The reaction was initiated by adding 

the enzyme and was terminated by transferring two 50 ~1 samples onto a 2.3 cm 
disc of Whatman 3 MM filter paper which was then placed into cold 5% tri- 
chloroacetic acid contianing 1% sodium pyrophosphate and 0.02% uracil. The 
discs were further processed and radioactivity determined as previously 
described (3). RNA was isolated from scaled-up reaction mixtures and ana- 
lyzed on polyacrylamide gels (3). 

RESULTS. Inhibition of [3H] UMP incorporation. Soluble RNA polymerases 

from tobacco (Fig. 1A) and cowpea (Fig. 1B) were inhibited by 3'-dATP. 
n 

Approximately 20% of the control [>HlUMP incorporation occurred in the 

presence of 1.25 mM 3'-dATP. This amount of residual activity is propor- 

tional to the relative concentration of ATP and 3'-dATP used, 0.5 mM and 1.25 

mM, respectively. 

Reversal of 3'-dATP inhibition with ATP. The effect of the concentra- 

tion of ATP or UTP in the reaction mixture relative to inhibition by 3'-dATP 

3 of [ HIUMP incorporation by soluble RNA polymerase was investigated. The 

inhibition kinetics indicated that the effect was reversed with simultaneous 
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Figure 1. 3'-dATP inhibition of [3H]UMP inocorporation by soluble RNA 
polymerases. Complete reaction mixtures containing RNA polymerase were 
incubated with or without 3'-dATP. 
removed at intervals was determined. 

Aci$-insoluble radioactivity of samples 
[ H]UMP incorporation by soluble RNA 

polymerases from tobacco (A) or cowpea (B) in the absence (0) or presence(o) 
of 0.25 mM 3'-dATP. 

Effect of increasing concentrations of 3'-dATP inhibition of in 
w]lJMP incorporation Reaction mixtures containing tobacco polymer- 
ase, a constant amount of [ 3 BIUMP and increasing amounts of ATP were incuba- 
ted in the presence or absence of 3'-dATP for 15 min at 35 C. Acid-insoluble 
radioactivity of samples removed was determined. Each point represents the 
average of duplicate samples minus the average of zero-time values. No 
3'-dATP (0); 0.25 mM 3'-dATP (0); 0.5 mM 3'-dATP ( ). The insert shows a 
double-reciprocal plot of the data. 

addition of increasing amounts of ATP with constant amounts of inhibitor 

(Fig. 2). The Lineweaver-Burk plot of [3Hl~ incorporation obtained in 

the presence of excess ATP indicated competitive inhibition. The inhibition 

was not reversible when increasing UTP concentrations were added along with 

the inhibitor (Fig. 3) nor when additional ATP was added 10 min after the 

addition of the inhibitor (Fig. 4). In reaction mixtures containing 3'-dATP, 

near maximal inhibition occurred within 10 min (Fig. 4). Similar results 

were obtained with soluble RNA polymerase from tobacco. 

RNA products synthesized in vitro. The product synthesized in vitro by -- 

soluble RNA polymerase from tobacco is 4-6s RNAs (Fig. 5) (2,3). The product 
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Figure 3. Eff ct of 
['HI UMP 

increasing concentration of UTP on 3'-dATP inhibition 
of in vitro incorporation in reactio 
RNApoGase and Q mixtures containing cowpea 

increasing amounts of [ HIUTP of constant specific 
activity 100 pCi/nmole were incubated in the presence (0) or absence (0) of 
0.25 mM 3'-dATP for 30 min at 35 C. Acid-insoluble radioactivity of samples 
removed from reaction mixtures was determined. Each point represents the 
average of duplicate samples minus the average of zero-time values. 

Figure 4. Effgct of addition of excess ATP 10 min after 3'-dATP inhibition 
of in vitro [ HIUMP incorqoration. -- Complete reaction mixtures containing 
cowpea RNA polymerase and [ HIUTP were incubated at 35 C for 10 min with (m) 
or without (0) 0.125 mM 3'-dATP. Excess ATP was then added to the 3'-dATP- 
inhibited reaction mixture ( ) and the one of the control reaction mixtures 
(0) and incubation continued. Samples were further processed as described in 
Fig. 2 legend. 

Figure 5. Polyacrylamide gel electrophoresis of the in vitro product of -- 
soluble RNA polymerase from tobacco. RNA was extracted from scaled-up 
reaction mixtures with (0) or without (0) 3'-dATP and analyzed on 10% acryla- 
mide gels. Migration is from left to right; CS=transfer RNA. 

is approximately 80% resistant to RNase treatment (not shown). The in vitro -- 

product isolated from reaction mixtures containing 3'-dATP revealed reduced 

synthesis of the heterogenous product. There was no difference in the size 

distribution or in the RNase-sensitivity of the product synthesized in the 

presence of 3'-dATP when compared to products synthesized in the absence of 

the inhibitor. 

DISCUSSION. 3'-dATP inhibited the RNA-dependent RNA polymerases from plant 

tissues. This inhibition is due to direct competition between inhibitor and 

ATP. In the in vitro assay, -- inhibition could be reversed by increasing ATP 

but not UTP concentration in the reaction mixture. Three mechanisms have 
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been proposed to explain 3' -dATP inhibition of RNA polymerases: (1) 3'-dAMP 

is incorporated into RNA chains causing termination; (2) 3'-dATP binds 

irreversibly to the enzyme; (3) 3'-dATP inhibits initiation of RNA synthesis. 

These results cannot distinguish whether or not 3'-dATP is incorporated into 

RNA. Observations that inhibition was not reversed by the addition of excess 

ATP 10 min after the inhibitor is consistent with either 3'-dATP incorpora- 

tion into RNA or irreversible binding of the inhibitor. However, the effect 

of 3'Ado in vivo indicated RNA synthesis in the presence of 3'Ado is termina- -- 

ted with AMP instead of 3'-dAMP suggesting that 3'-dAMP is not incorporated 

into RNA (6). Since soluble RNA polymerases do not reinitiate RNA synthesis 

in vitro, 3'-dATP role as an inhibitor of initiation remains to be resolved. 

Eukaryotic ATP-utilizing enzymes involved in nucleic acid synthesis and 

processing show differing sensitivities to 3'-dATP. DNA-dependent RNA 

polymerase II, which synthesizes heterogenous nuclear RNA, is specifically 

inhibited by 3'-dATP. The poly (A) synthesizing enzymes, ATP-polynucleoti- 

dylexotransferase, were not inhibited by low concentrations of 3'-dATP (11). 

Soluble RNA-dependent RNA polymerase shows sensitivity to 3'-dATP similar to 

that reported for RNA polymerase II. Further investigations are required 

into the structure of soluble RNA polymerase and function of dsRNA in healthy 

cells before the role of this enzyme can be resolved. 
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