
Vol. 106, No. 2, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

May 31, 1982 Pages 500-505 

TERMINATION OF RNA BY NIJCLEOTIDES OF 9-6-D-XYLOFURANOSYlADENINE 

Bruce A. Harris1 and William Plunkett* 

lhe Graduate School of Biomedical Sciences 
The University of Texas Health Science Center at Houston 

Department of Developmental Therapeutics 
The University of Texas System Cancer Center 
M. D. Anderson Hospital and Tumor Institute 

Houston, Texas 77030 

Received April 19,1982 

SUMMARY: Incubation of CHO cells with 21 nM [3H]9-S-D-xylofuranosyl- 
adenine for 2 hr resulted in the intracellular accumulation of 9-B-D- 
xylofuranosyladenine 5'-triphosphate and the incorporation of radioactivity 
into HClO, -insoluble material. After incubation of the HClO, -insoluble 
material in 0.3 N KOH for 16 hr, the radioactivity associated with the nucleo- 
side fraction coeluted with authentic 9-S-D-xylofuranosyladenine by 
high-pressure liquid chromatography and was resistant to oxidation with 
NaIOli. Upon incubation with adenosine deaminase (E.C. 3.5.4.4),the radio- 
activity coelnted with xylosylhypoxanthine. 'lhe data suggest that termina- 
tion of RNA chains by xylosyl nucleotides may be a mechanism for producing 
the toxicity of 9-B-D-xylofuranosyladenine. 

Studies of the mechanism of cvtotoxicity of xylA have revealed several 

routes of metabolism and sites of inhibition. The nucleoside is phosphory- 

lated initially by adenosine kinase (E.C. 2.7.1.20) (1) and subsequently 

accumulates as the 5'-triphosphate, xylATP (2-4). Further metabolism of 

this compound to the xylosyl analogs of S-adenosylmethionine and/or S-adenosyl 

homocysteine (5) may contribute to the observed inhibition of nuclear RNA 

methylation and processing (6-S). 'Ihe observation that xylATP inhibited 

synthesis of 5-phosphoribosyl-1-prophosphate (9) appeared to provide an 

explanation for the associated inhibition of nucleic acid synthesis (2-4,6). 

Our studies demonstrated that cells that had accumulated high concentrations 
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of xylATP were rapidly inhibited in their nucleic acid synthesis and had 

lost the ability to Eorm clones (3,4). However the fact that these cells 

were not measurably affected in their content of 5-phosphoribosyl-l-pyrophos- 

phate, ribonucleosides, or deoxyribonucleosides (4) encouraged us to search 

for alternative mechanisms by which xylA might exert its lethal action. 

We reasoned that once a xylosyl nucleotide was incorporated into the 

3’-terminus of a nascent RNA chain, the configuration of the 3’-hydroxyl 

group would not be a suitable substrate for the formation of a 3’-5’ phospho- 

diester linkage with a subsequent nucleotide and probably would function to 

terminate synthesis of that RNA chain. Therefore, the ability of CHO cells 

to incorporate xylosyl nucleotides into the 3’-termini of RNA was evaluated 

as a general mechanism of the toxicity of xylA. 

MATERIALS AND METHODS 

XylA and the adenosine deaminase inhibitor, 2’-deoxycoformycin, were 
provided by the Drug Development Branch, Division of Cancer Treatment, 
National Cancer Institute. [ 3 H]xylA was prepared hy ICN Pharmaceuticals 
and purified to greater than 99.7X purity by HPLC (4). Adenosine deaminase 
was obtained from Sigma Chemical Co. 

Cell Culture. A line of CHO cells, designated Mr-6/ACr-7, deficient 
in AYP:pyrophosphate phosphoribosvltransferase (E.C. 2.4.2.7) and IYP:pyro- 
phosphate phosphoribosyltransferase (E.C. 2.4.2.5.) was obtained from Dr. P. 
P. Saunders of this department. Cells were grown in 850 cm2 roller bottles 
c.ontaining 75 mL of McCoy’s 5a medium with 10% fetal bovine serum until 80% 
confluent. The cell number and the mean cell volume were determined by a 
model ZHL Coulter Counter equipped with a model C-IflOo channelyzer. 

HPLC of :Jucleotides and Nucleosides. CelLlll.ar nlu:leotides were extrac- 
ted with 

-___ 
HCIOg and separated and quantitatcd exactlv as described (4). 

Standard mixtures of nucleosides and various Et-actions of the 3’-terminal 
nll,cleosides isolated after base hydrolysis of R:J,A were sep,arated by ellltion 
From a I-olumn of pRondnpak Cl8 (Waters Associates) at 2 mL!min with 5% 
methanol: 95X H:O (v/v). 

RESIILTS __-- 

After a 70-min preincubation with 10 UN 2’-deoxycoformycin, !3 Hlxyl.4 

was .Idded to the cell culture at a Final concentration of 20.6 IJY. 

Solllhle nucleotides were extracted with HClO, after 2 hr and nucleoside 

triphosphates were separated by HPLC and lluantitated as described (4). The 

i-r1 llll,qr concentrations or rihnnucleoside triphosphates were: CTP, I. n8 

mY; I’TP, 2. 3” _ 17’1; .4TP, 5.96 m?l; CCTP, I.61 mY. These concentrations il re 
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comparable to those determined in wild-type CHO cells (4). The intracellular 

concentration of xylATP was calculated to be 1.27 m?I from comparison of the 

uv absorbance with that of standards, and by determining the amount of radio- 

activity associated with xylATP in the column eluate. The radioactivity 

associated with ATP was less than 0.5% of that of xylATP. 

HClO+-insoluble material was washed and RNA was hydrolyzed by incu- 

bation with 0.3 N KOH for 16 hr at 37". The alkali resistant material was 

removed by precipitation with Hc101+. After washing, no radioactivity greater 

than background was detected in the HClOb-precipitable, alkali stable material 

that contained the DNA. The 3'-terminal nucleosides liberated by base hy- 

drolysis were separated from 2'(3') nucleotides by retention on a cartridge 

of Sep-Pak PC,, (Waters Associates). After washing with H,O to remove 

2'(3') ribonucleotides, adenine nucleosides were eluted with 1 ml of 50% 

methanol (v/v) and reduced to dryness before separation by HPLC. The separa- 

tion of a mixture of standard nucleosides and adenine is shown in Fig lA, 

for reference, and that of the 3'-terminal nucleosides from the hydrolyzed 

RNA in Fig 1R. The major radioactive fraction (2219 dpm) coeluted with 

unlabeled xylA that had been added as an internal marker. Only 362 dpm were 

associated with adenosine, and no radioactivity was detected with adenine. 

The following experiments were carried out to provide more evidence for 

the identity OF the radioactive material associated with xylA in Fig 1B. 

The remaining volumes of each fraction eluting with xylA in Fig 1R were 

pooled and evaporated to dryness. After dissolving in phosphate buffer, the 

material was incubated with adenosine deaminase. Separation of the products 

of a control deamination reaction mixture containing authentic [3 H]xylA 

carried out in parallel is shown in Fig 2A. Conversion of authentic xylA to 

xylosylhypoxanthine was quantitative. Identical HPLC analysis of the deamina- 

tion products of the 3'-terminal nucleoside that eluted with xylA in Fig 1R 

resulted in a 90% conversion to a compound that coeluted with xylosylhypo- 

xanthine (Fig ZR). 

To investigate the nature of the carbohydrate portion of the radioactive 

3'-terminal nucleosides, a fraction of this material, purified, through the 
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Figure 1. HPLC separation of 3'-terminal nucleosides of RNA liberated by 
KOH hydrolysis. A. Separation of standard nucleosides and 
adenine as described in MATERIALS AND METHODS. B. Separation 
of 3'-terminal nucleoside fraction from KOH-hydrolyzed RNA 
extracted from the equivalent of 1.5 x 1Oe cells after incubation 
with [3~]~yl~ (specific activity, 3.19 x lo5 dpm/nmol) for 2 hr. 
The radioactivity in 0.5 ml of each 1 ml fraction collected at 
0.5-min intervals is shown by the shaded rectangles. 

Figure 2. HPLC separation of 3'-terminal nucleosides after incubation with 
adenosine deaminase. A. Separation of the deamination products 
of authentic f3H]xylA by HPLC as described in MATERIALS AND METHODS. 
B. Remaining portions of the radioactive fractions that eluted 
with xylA in Fig. 1B were pooled, evaporated to dryness, and 
incubated in 0.05 M K~HPOI, pH 7.5, with 0.3 unit of adenosine 
deaminase for 30 min at 37'. After HPLC separation of the 
reaction products, the radioactivity in 1 ml fractions collected 
at 0.5-min intervals is shown by the shaded rectangles. 

Sep-Pak step, was incubated first with NaIO,and subsequently with cyclohexyl- 

amine to destroy nueleosides with cis-hydroxyl groups (10). HPLC analysis 

of this material hefore NaIO, treatment (Table 1) indicated that adenosine 

and adenine predominated in this mixture and a small amount of radioactivity 
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TABLE 1 

nmole recovered 

before Na101, after NaIOs 

Adenosine 

Adenine 

XjrlA 

1.96 0.20 

0.62 2.86 

0.018 (2219 dpm) 0.018 (2172 dpm) 

NaIOb oxidation of 3'-terminal nucleosides from RNA of cells incubated with 
[ 3Hlxyu. The 3'-terminal nucleoside fraction from 1.5 x 10s cells incubated 
with [3H]~lA was incubated with 0.03 M NaI04 for 30 min at 22'. 
Cyclohexylamine was added to a final concentration of 0.22 M and the mixture 
was incubated at 45' for 90 min. The remaining NaIOb was consumed with an 
equimolar quantity of glycerol and the pH was adjusted to 6 with formic acid 
(10). The reaction products were separated by HPLC and quantitated as 
described in MATERIALS AND METHODS. 

eluted with xylA, as shown in Fig 1B. After NaIO,, treatment, 95% of the 

adenosine had been converted to adenine as expected from this procedure, but 

the radioactivity that eluted with xylA was undiminished. These results 

indicate the absence of cis-hydroxyl groups on the carbohydrate of the liber- 

ated radioactive terminal nucleoside, a conclusion that is consistent with 

the identity of the compound being xylA. 

DISCUSSION 

Three articles of evidence support the conclusion that nucleotides 

of xylA terminate cellular RNA. 1) The radioactivity released from RNA with 

the 3'-terminal nucleosides upon base hydrolysis coelutes with authentic 

XY~A, 2) the material associated with this radioactivity is converted to 

a compound with the chromatographic properties of xylosylhypoxanthine after 

incubation with adenosine deaminase, 3) the radioactive compound in the 

3'-terminus fraction is stable to NaIcI, oxidation, whereas adenosine is not. 

Calculations based on the amount of radioactivity associated with xylA in 

the terminal nucleoside fraction, the number of cells extracted, and the 

specific activity of exogenous [s H]xylA indicate that the 2-hr incubation 

resulted in the termination of 7.2 x 104 RNA chains per cell. Future experi- 

ments will be designed to discern whether the observed terminal incorpora- 
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tion results in premature halting of the synthesis of nascent transcripts or 

if it is a posttranscriptional addition. The rapid inhibition of uridine 

incorporation into RNA is consistent with the former possibility (3,4), and 

recent investigations suggest that the transcription of ribosomal precursor 

RNA may be terminated prematurely (8). In contrast, in vitro studies demon- -~ 

strated that xylATP was not a substrate for terminal addition to tRNAphe- 

ApCpC by yeast ATP(CTP): tRNA nucleotidyl transferase (E.C.2.7.7.25) (11). 

Furthermore, the more rapid and extensive inhibition of the incorporation of 

thymidine into DNA (3,4) raises the possibility that the synthesis of primer 

RNA required for the initiation of Okazaki fragment formation (12) may be 

prematurely terminated. Thus, the data indicate that the terminal incorpora- 

tion of xylA into nascent RNA chains could prevent the addition of subsequent 

nucleotides, resulting in the observed inhibition of RNA and DNA synthesis. 
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