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Abstract---A study of 3-amino-l,5-dihydro-5-methyl-I-~-D-ribofuranosyl-1.4.5,6,8-pentaazaacenaphthy- 
lene (NSC-154020). a “tricyclic” nucleoside with activity against certain experimental tumors, was 
undertaken to determine if it differed in biochemical properties from structurally related 7-deazapurine 
nucleosides with established biological activity, such as sanglvamycin. In cultured L1210 cells. 
[“‘C-methyl]-NSC-154020 was converted to a single metabolite with the properties of a 5’-monophos- 
phate as shown by (a) similarity to AMP m migration on paper chromatograms and in retention 
time when subjected to high pressure liqmd chromatography (h.p.1.c.) on an ion exchange column 
and (b) conversion to a compound with the properties of NSC-154020 upon treatment with alkaline 
phosphatase or 5’-nucleotidase. In cultured H.Ep.-2 cells, the principal metabolite of NSC-154020 was 
also the monophosphate. H.Ep.-2 cells contained in addition a variable amount of a second metabolite 
which also had the retention time (on h.p.1.c. analysis) of a monophosphate and which was converted 
by the action of alkaline phosphatase or 5’-nucleotidase to a compound that migrated like NSC-154020 
upon chromatography in three solvent systems. This second metabolite is as yet unidentified. In crude 
extracts of L1210 cells. addition of adenosine or 6-(methylthio)purine ribonucleoside decreased the phos- 
phorylation of NSC-I 54020. NSC-154020 was a substrate for adenosine kinase 1 IO-fold purified from 
H.Ep.-2 cells; the K, was 215pM and the V,,, was 1.8 times greater than that of adenosine. No 
‘&C from labeled NSC-154020 was found in the polynucleotides of either H.Ep.-2 cells or Ll210 cells 
grown for 24 hr in the presence of the labeled nucleoside. Several different studies failed to reveal 
any selective sites of action for NSC-154020. In cultured L1210 cells it inhibited synthesis of DNA. 
RNA and protein and reduced ribonucleotide pools, but with little selectivity. The incorporatlon of 
[“%Z]formate into polynucleotides was inhibited more severely than that of hypoxanthine; this is evi- 
dence for a blockade of purine synthesis de nooo. an effect also produced by many other analogs 
of purines and nucleosides. Sangivamycin produced generally similar inhibitions of incorporation of 
formate and hypoxanthine. However. the cytotoxlcity of NSC-154020 and sangivamycin to L1210 cells 
was not prevented or reversed by 5-amino-4-imidazolecarboxamide (AIC). adenme. guanine, hypoxan- 
thine. uridine. or AIC + uridine; therefore, inhibition of de nouo synthesis of purine and pyrimidine 
nucleotides is not a primary site of action of these compounds. Although the loci of action of 
NSC-154020 are not yet defined. the fact that it is not metabolized to polyphosphates indicates that 
its mechanism of action probably differs significantly from those of the related compounds, tubercidin 
and sangivamycin. which are converted to pol>phosphates and incorporated into RNA and DNA. 

In the course of a study of nucleosides of 7-deazapur- 

ines. Schram and Townsend [l] synthesized an un- 
usual nucleoside with the structure shown in Fig. 1. 
This compound. which has been given the trivial 
name “tricyclic nucleoside” and the NSC number 
154020, is related structurally to certain naturally 
occurring, biologically active 7-deazapurine nucleo- 
sides [2], particularly sangivamycin. NSC-154020 is of 
interest because of its novel structure and its activity 
against certain experimental tumors.t Since this com- 
pound contains a tricyclic ring system and is therefore 
not a true purine nucleoside analog, it was of interest 
to see if it differed in biochemical properties from 

* This work was supported by Contract NOl-CM-43784 
from the Division of Cancer Treatment. National Cancer 
Institute. NIH. Department of Health. Education and 
Welfare. 

t V. H. Bono. personal communication of animal tumor 
screening results obtained by the Division of Cancer Treat- 
ment, National Cancer Institute. Bethesda. MD. 

other analogs of purine nucleosides. We report here 
data indicating biochemical behavior typical of 
adenosine analogs. A preliminary report of some of 
these results has been presented [3]. After our paper 
had been submitted, a paper by Plagemann [4] 
appeared which reports generally similar results on 
the metabolism and mechanism of action of 
NSC-154020. Points of difference and similarity in his 
results and ours are noted in Discussion. 

MATERIALS AND METHODS 

Mareriak. [“%-methyl]NSC-154020 (6.7 mCi/m- 
mole) was obtained from the Division of Cancer 
Treatment, National Cancer Institute, which was also 
the source of sangivamycin (NSC-6.5346). [8-‘4C]- 
hypoxanthine, sodium [‘4C]formate, [3H-methyl]- 
thymidine, [5-3H]uridine. and [4,5-3H]leucine were 
obtained from New England Nuclear, Boston, MA. 
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NSC-154020 Sangivomycln 

Fig. 1, Structure or &amino- 1.5-dihydro-5-methyl- I -p- 
t)-rihofuranosyl-l.4.fr.b.Y-pentaazaac~ti~phthyiene 

(NSC-154020) and snngivamycln (NSC-65346). 

Alkaline phosphatase from Esc~~~~~e~zi~ coli. Y-nucleo- 
tidase from Crittalus ~~~~~nreus venom, and adeno- 
sine deaminase from calf intestine were from Sigma 
Chemical Co.. St. Louis, MO. Soluene 350 was 
obtained from Packard Instruments, Inc.. Downers 
Grove. IL. 

Nigh pressure liquid chrom~~togrup~t~. Analyses by 
high pressure liquid chromatography (h.p.l.c.f were 
performed at ambient temperature with a Waters As- 
sociates (Milford, MA) model 202 apparatus and a 
Partisil-10 SAX anion exchange column (Whatman, 
Inc., Clifton, NJ), 4.6 mm i.d. x 25 cm. A linear gra- 
dient (40 min) from 5 mM NH,H,PO,. pH 2.8. to 
750 mM NH,H2P04, pH 3.7, was used. The flow rate 
was 2ml/min. and detection of eluted materials was 
accomplished by measure of U.V. absorbance at 254 
or 280nm. Integration of peak areas was made with 
a Hewlett-Packard model 3380A digital electromc in- 
tegrator, and quantitation for ribonucleotide pool 
studies was achieved using the peak area--nmol rela- 
tionships obtained with known ribonucleoside mono- 
phosphates. 

Ceil cultures. The cell cultures used were a human 
epidermoid carcinoma line (H.Ep.-2) established in- 
itially by Moore et al. [S] and a line of mouse leuke- 
mia Ll210. H. Ep.-2 cells were grown as monolayers 
or in suspension culture in SRI-14 medium 161. and 
L11?10 cells were grown in Fischer’s medium [7] in 
suspension cultures, either without agitation (referred 
to as “stationary” cultures) or with agitation with a 
magnetic stirrer (referred to as “spinner” cultures). 
Penicillin and streptomycin were present in all cell 
culture media. 

Metabolic studies. For study of the metabolism of 
NSC-154020, the labeled nucleoside was added to sus- 
pension cultures of H.Ep.-2 cells (2 x 10’ ml cells/ml) 
and to spinner cultures of Ll210 cells (7 x IO’ 
cells/ml) at a final concentration of 1.6 PM 
(0.01 @Zi/ml). At 4 or 24 hr. the cells were harvested. 
washed free of medium with 0.85”b saline solution. 
and then extracted with cold 0.5 N HCIO+ This 
extract. after precipitation of HC104 by the addition 
of KOH, was subjected to ~hrornatog~~piiy on Parti- 
sil-10 SAX columns. as described above. or to paper 
chromatography as described in Fig. 7. 

The effects of NSC-154020 on the synthesis of 
macromolecules were determined in cultures of L1210 
ceils by the use of labeled leucine. uridine and thymi- 
dine. NSC-154020 was added to stationary cultures 

at concentrations ot 0.01. O.Oi I)( 0.00 !tM. represcnt- 
ing multiples of the n>\l, \;tluc I/) 0.: /IM) that had 
been determined prc~~ously : 111~ it).,,, IX the conccn- 
tration required to inhibit bj St) pci- cent the proliftr- 
ation of a culture over a lK;-hr pcr~od T‘he lab&d 
precursors ([4.5-“H]L-leucinc. bp .izl ; 0 t‘i m-mole: 
[S-“Hluridine. sp. :~ct. Zti C’I m-molt” i ‘H-methyl]- 
thymidinc. sp. act. 7 Ci m-mole\ u’L*rr‘ added 0.5 hl 
thereafter to give <I tinal conicllir;liton ,)I 3 /lC’i,ml. 
After 4 hr. duplicate samples w<:rc tal\crl and chilled 
m an ice bath and the cells wcrc then \cparated by 
~entrifu~tior~. The cell> were wa\hcti il!i~L~ times with 
0.85”,, saline solution lrnd dls~ol\~ec! in 2.5 ml or 0. I”,, 
sodium lauryl sulfate solutlorl contalnmg carrier 
DNA to give a fitra! conccntr;itmn I>! %! Q DNA ml. 
For determination of the radioact I\ !I> 11~ total nucleic 
acids or protem. I.Ornl of cold Zty’, iw vt TCA ~13s 
added to i ml of the lauryl sulfate colutlon: the result- 
ing ptecipitatc was collected by tiltration on What- 
man glass fiber filters and ~a\h~d uith Iii”,, Tth 
and then with 8U”,, ethanol. When [ ‘H Jlrucme was 
the precursor. the ‘H content (,I 1hl5 residue was ;I 
measure of protein synthesis. MIIC’II labclcd thymtdine 
or uridine was the precursor, the radm:icttvIty ol 
the residue was a measure ~:t lli~,~rp~~rati[)jl rnto 
RNA + DNA. For det~rrnill~lti~~r~ QI the radIoactivity, 
the filters were placed Iti 1 .O ml Soiuunc ?%I and incu- 
bated overnight. after which toluctrc sclntillator was 
added. and the sample was assuycd To detcrminc in- 
corporation into DNA and RN,Z ~ndi\idually, 0 I ml 
of 4 N NaOH was added to I rnt (4 the Iauryl sulfate 
solution and the solution w;ls inzubatcd (tbcrnight at 
37 This solution ~3% neutralited \$1t/> 0 1 ml of 4 N 
HCI. and 0.3 ml ol cold 50”,, 1(‘2 \L:I> ildded The 
resulting precipitate of DNA w:lh illerr collected by 
filtration and counted ;ts described abokc. Radio- 
activity of RNA was determined ;IX the dltTerznce 
between the total TCA-insolnhlt: Jctl\tty and the 
alkali-stable radioactivity. Thcs:e procedure5 ;IIY a 
modification of those of Hershko t’i tri [S]. 

For determination of the uffcctc r,f NS( -154070 or 
sanglvamycm on the utllilntloil or i’ormate and 
hypoxanthine. LIZ10 cell\ 111 ~:alturc I IO”cclls:ml) 
were treated with mhibitor I III- hcforc :tddition of 
the labeled compound. .\t 5 !:Y tlicri.;llicr the cells 
were harvested. washed. and cttt :iutcti 3 ~th hot XV’,, 
ethanol. The ethanol extract \+;I.\ s;lthjt-ctcd to two- 
dimensional chromatography t)n paper. first In 
phenol -water (71”,,. v v) and thsn II) ‘I solbent consist- 
ing of equal volumes of Q3.3”,, aqucouh I -hutanol and 
441,, aqueous propionic acid. Radicr:icii\c areas were 
located by ~lut~)r~idiograp~l~. 7 tw rcs~ciuc l’rom the 
ethanoi extraction was assayed dIrcctly ii>r radio- 
activity. These procedures ha\< been described tn 
more detail elsewhere [YJ. 

All determinations of radIoactIvity were made with 
a Packard liquid scintillation spectrometer equipped 
with an external standard. 

Rererrul studies. The ef‘fcctlceness 111 \ itr~ous com- 
pounds in preventing or ic\rTililg t!iC ~~t(~t~~i~it~ Of 

NSC-i54020 was determined ni stationary cultures of 
L1110 cells. NSC-I 54020 ~a:, present at a concen- 
tration which gave cytostasls for &L AX-hr ptzr~od. Can- 
didate reversal agents were ;tdded ;(I the same time 
as NSC-I 54020. Cells wet-c counted 11~ a Coulter 
counter 74 and 48 hr after :&ditton (II the compounds. 
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Enzyme assays. NSC-154020 was assayed as a sub- 
strate for adenosine kinase, partially purified from 
H.Ep.-2 cells [lo], and for bovine intestinal adenosine 
deaminase. Details of the kinase assay are given in 
Fig. 4. Activity as a substrate for adenosine deaminase 
was determined by observation of any changes in 
absorption at 292nm (the absorption maximum for 
NSC-154020) occurring when the enzyme and sub- 
strate were incubated at pH 7.5. 

RESC’LTS 

Metabolism q#’ NSC- 154020. Soluble extracts of 
Ll210 cells grown in the presence of 
[i4C]NSC-154020 for 18 hr contained no residual 
substrate; almost all of the 14C was present as a single 
metabolite with an Rr value of -0.15 in the solvent 
system used (Fig. 2). This R, vaiue is about the same 
as that of AMP in this solvent. When the cell extract 
was treated with either alkaline phosphatase or 
5’-nucleotidase prior to chromatography, the only 
radioactive compound noted was one with the same 
R, value as NSC-154020. When the initial cell extract 
was subjected to h.p.l.c., all of the radioactivity was 
eluted as a single peak with a retention time about 
the same as that of AMP (Fig. 3). 

In H.Ep.-2 ceils (Figs. 2 and 3) the principal meta- 
bolite of NSC-154020 was a compound with the 
properties of a monophosphate, as judged by the 
same criteria as those used for the characterization 
of the metabolite from Ll210 cells. In these cells there 
was, in addition, a substance with a lower R, value 
in the butanol-propionic acid solvent (Fig. 2). This 
metabolite disappeared when the extract was treated 
with phosphatase or nucleotidase. and radioactivity 
appeared at the R, value of NSC-154020. The radio- 
activity also migrated to the R, value of NSC- 154020 
in two other solvent systems: isobutyric acid-concen- 
trated NH&OH--HZ0 (57:4:39. v/v). R, 0.68; and 
0.1 M sodium phosphate, pH 2.8--solid (NH&SOJ-l- 
propanol(100:60:2. v/w/v). R, 0.06. Thus. this second 
metabolite also appears to be a phosphate. Its K,. 
value is in the range of those of ADP and ATP. When 
the cell extract was subjected to h.p.1.c. (Fig. 3), most 

of the “‘C was eluted as a single peak with the reten- 
tion time of AMP; a small amount of 14C was eluted 
as a second peak with a retention time of about 9 min, 
w-hich is less than that of the range of the diphos- 
phates of the normal nucleosides. No radioactivity 
was present at the retention times expected for di- 
and triphosphates: nor was there any evidence for 
residual substrate, which would not have been 
retained and would therefore be eluted at the solvent 
front. The amount of this second metabolite relative 
to the major one varied widely between experiments. 
The experiment shown in Fig. 2 is representative of 
those in which the larger amounts were found, and 
that in Fig 3 shows one in which considerably 
smaller amounts were present. Experiments similar 
to these, in which the exposure period to [‘4C]- 
NSC-154020 was 4 hr instead of 18 hr. have also been 
performed with both H.Ep.-2 cells and Ll210 cells 
with results similar to those reported above. 

Edrnce tiwt adrnosine kinase catulyes the phos- 
phoryiation oj‘ NSC- 154020. Since NSC- 154020 is 
related structurally to other adenosine analogs. it was 
considered probable that adenosme kinase was the 
enzyme responsible for its phosphorylation. To obtain 
evidence on this point, adenosine and 4-(rnethyithi~~~ 
purinc ribonu~leoside (a known substrate for adeno- 
sine kinase [lo]) were studied as competitors with 
NSC- 154020 for phosphorylation by enzymes present 
in crude extracts of Ll210 cells. The results are shown 
in Table 1. Both adenosine and 6-(methylthio)purine 
ribonucleoside decreased the formation of the mono- 
phosphate of NSC-154020. 6-(Methylthiojpurine 
ribonucleoside was the more effective inhibitor. This 
is probably because a significant amount of the 
adenosine was deaminated by the crude cell extracts, 
whereas 6-(methylthio)purine ribonucleoside. although 
its K, value for the kinase reaction is much greater 
than that of adenosine [lo], is not a substrate for 
enzymes degrading purine nucleosides [I 11. These 
results indicate that adenosine kinase probably is the 
enzyme responsible for the phosphorylation of 
NSC-154020. This compound was therefore assayed 
as a substrate for adenosine kinase partially purified 
from H.Ep.-2 cells. As shown in Fig. 4. NSC-154020 

Table I. Effects of adenosine and qmethylth~o~pu~ne ribonucLeoside on the phosphor- 
ylation of [“C-methyl]NSC‘-154020 in extracts of LIZ!10 cells* 

Concn Phosphorylation of NSC-154020 
Compound added (mM) (per cent of control) 

None 100 
Adenosine I 86 

IO 50 
[ccl 0 

6(methylthio)purine I 19 
ribonucleoside IO 0 

100 0 

*The extracts were crude supernatants (~~,~~) from cultured L1210 cells. The 
reaction mixture consisted of the following in a final volume of I.0 ml: [“C-methyl]- 
NSC-154020. 1 mM; ATP 2.5 mM; M&l, 0.25 mM. potassium phosphate buffer. 
pH 7.0. 50 mM; and adenosine or Ci(methylthio)purine ribonucleoside at the indicated 
concentrations. The inhibitors and [‘“CINSC-154020 were added simultaneously, and 
the reaction was terminated after 30 min by immersion in a boiling water bath. The 
amount of nucleotide formed was determined by the method described in Fig, 4, 
In the controls 14 per cent of the substrate was phosphorylated. 



ly-.__l L_ _.N’ k._._..-__._.. _._._.. _ , 
I I I 

0.25 0.50 0.75 

Fig. 2. Metabolism of NSC-I 54020 by tl210 cells and H.Ep.-I1 cells. C‘tlis tn su\pcniion cultures 
were grown in the presence or C’SC-methyIJNSC-iS~1070 for IX hr. a& which :I cold 0.5 N WCIO, 
extract was prepared as described in the text. The extract was neutralized with KOH. ;md K‘;clOJ 
was removed by centrifugation. One portion of this extract was chromatogrnphed on paper tn ;I solvent 
consisting of equal parts of 93X); butanol and 449; aqueous propionic acid, and the resulting chromnto- 
gram was scanned for 14C in a Pack ar model 2701 chromatogram scanner. Another portion of rhc d 
extract was treated with alkaline phosphatase for 90 min. after which the reactton was stopped by 
immersion in a boiling water bath and subjected to ~~lrom~to~raphy as dcscrihed ahovc. .A third 
portion of the extract was treated with 5’-nucleotidase overmght prior t~s ~~3ro~~~at~~~r~~pll~ and then 
analyzed as described above. The plot at the top shows the results uhcn i -I “(‘-ruclkvl ~?.w- l5JWO 

was chrometographcd atone. 
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Fig. 3. High pressure liquid chromatography of extracts of L1210 cells and H.Ep.-2 cells grown in 
the presence of [14C-methyl]NSC-154020. The cells were grown and an HCIO, extract was prepared 
as described in Fig. 2. A portion of this extract (25 ~1, representing 1 x 10’ to 2.5 x 10’ cells) WAS 

subjected to chromatography on a Partisil-IO SAX column as described in the text. Samples were 
taken at i-ml intervals for radioassay. Key: (------) u.v.; and (---------) radioactivity. The U.V. 

detector-integrator was attenuated so that A 254 = 0.128 (fuli-scale detection). 
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Fig. 4. Lineweaver-- Burk plot for determination of kinetic 
constants for the phosphorylation of NSC-154020 by 
adenoslne kinase. The incubation mixture contained. m a 
final volume of 0.2 ml. NSC-154020 at the indicated con- 
centrations. enzyme I IO-fold purified from H.Ep.-2 cells 
[lo]: ~\TP-Y-[~‘P]. 2.5 mM; MgCI?. 0.25 mM: and potas- 
sium ph~~sphat~ buffer. 5OmM. pH 7.0. After incubation 
at 15 for 3Omin. the reaction was stopped by immersion 
In a boiling water bath. The reaction mixture was subjected 
to chromatography on paper In butanol-proplonic acid 
(see Fig. 2). after which the paper strips were assayed m 
a Packard model 7201 radiochromatogram scanner to 
determine the amount of nucleotide formed [IO]. Values 
for the ordinates are the reciprocals of the reaction rate 
ln nmoles:min: those for the abscissas are reciprocal sub- 

strate concentrations (mM). 

was a good substrate for this enzyme: the K, was 
115 ELM and the Ci,,.,, was 167 nmoles/min,/mg; the 
corresponding values for adenosine were 1.8 /tM and 
94 nmoles~min~mg. 

fftuctityity t3f ,WSC-154020 as u suhstrczte jar adcW3- 
sir~c deaminuse. NSC-I54020 may be regarded both 
as an V-substituted adenosine analog and as a 
7-deazapurine nucleoside, and as such would not be 
expected to be a substrate for adenosine deaminase 

because (a) 7-deazaadenosme derivatives are not de- 
aminated by this enzyme [2]. and (h) [V]methyla- 
denosine IS at best a poor substrate LIZ. 131. Never- 
theless it was conceivabie that the trtcyclic rrng sys- 
tem might possess some unusual property with re- 
spect to this enzyme. which, if it acted upon this sub- 
strate. would open one of the rings by rupture of 
the bond between the X-5 atom and the pyrimidine 
moiety. Therefore. NSC-154020 was assayed as a sub- 
strate. Incubation of NSC-154020 at pH 7.5 with a 
large excess of bovine intestinal deaminasc produced 
no change in the u.c. absorption spectrum: these 
results indicate that. as expected. NSC-IS4020 is not 
a substrate for the deaminase. 

Eftl~r.s of .VSC- 1 54030 011 rihorflfc./cofidc p00l.s. 
NSC-I 54070 at a concentration of 0.3 FM caused a 
decrease in pools of ribonucleoside di- and triphos- 
phates: raistng the concentration to 1.5 PM produced 
no further decrease in the pool sixes (Table 2). The 
pools of adenme nucleotides were decreased by ;I 
smaller percentage than those of nucleotides of’ 
guanine. uracil or cytosine. Pools of monophosphates 
are not shown because of the presence ol‘ the mono- 
phosphate of NSC-154020. which is not separated 
from other rn[~nopil~~sphates and therefore interferes 
with their quantitation. 

Q$w.s WI .s~ti~si.~ o/ mri~roltloict,lcirs. The effects 
of NSC- 1530X on macromolecular synthesis were 
determined at three concentrations and after two 
periods of cxposuru to the drug (Table 3). Short-term 
exposure to NSC-I54020 produced inhibttion of in- 
corporation of leucinc. uridine and t~~ymid~ne without 
any marked selectivity. except perhaps at the highest 
concentration. which produced a greater effect on 
leucine than on the other precursors. After 16 hr. all 
three processes had recovered from inhibition caused 
by the lowest concentration. At the rntermedgate con- 
centration, there was a selective effect on incorpor- 
ation of uridine: and at the highest c~~ncentration. 
incorporatlon of all three precursors was strongly in- 
hibited. 

The effects of NSC-154020. at concentrations 
higher than those of the experiments of Table 3, on 
the incorporation of formate and hypoxanthine into 
the acid-insoluble fraction are shown in Fig. 5. The 
incorporation of formate was lnhib~ted by 0.3 /JM 
NSC-154020 whereas that of hypoxanthine was not. 
At a higher concentration of drug. the incorporation 
of hypoxanthine was also inhibited, but not as much 
as that of formate. Figure 5 also shows similar data 
t’or sanglvamycm. whtch was more Inhibitory than 

Table 2. Eifects of NSC-154020 on rlbonti~i~o~id~ pools of cultured Ll210 i‘&* 
- ----- 

Nuclcotlde (nmoles IO” cells) 
--l______l--- ----~-- 

ADP ATP CiDD GTP UTP (‘TP 
_~__._______ __. - - 

Control 800 i 300 310 560 750 120 

NSC-I 54020 (0.3 PM) 230 790 70 710 I w 30 

NSC-154020 (1.5 !rM) 750 X40 711 270 i 90 50 

*Cells in spinner cultures were exposed to NSC-154020 at the indicated concen- 
trations after which an HClO& extract was prepared and subjected to chromatography 
on a Partisil SAX column. See text and Fig. 3 for details. The results shown for 
a concentration of NSC-154020 of 0.3 PM are those of a slnglc experiment; those 
for 1.5 /IM are the averages of three experiments. 
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Table 3. ElTccts of NSC-154020 on the synthesis of macromolecules in L1210 cells* 

Precursor 

Concn of 
NSC- 154020 

W) 

Incorporation 

0.5 hrt 

(“0 of control) 

16 hrt 

[4.5-‘Hllcucine 0.01 78 121 
0.03 52 X0 
0.09 22 16 

[5-3H]uridine 0.0 1 x9 111 
0.03 52 41 
0.09 56 8 

[‘H-methyllthymidine 0.01 83 106 
0.03 63 99 
0.09 43 7 

* To L12IO cells in culture, NSC-154020 was added at the indicated concentrations, 
and 0.5 or 16 hr thereafter ‘H-labeled precursors (thymidine, uridine or leucine) were 
added. Cells were harvested 4 hr after addition of the labeled compounds, and crude 
macromolecular fractions were isolated and assayed for radioactivity. See text for 
details. 

t Time to which cells were exposed to NSC-154020 prior to addition of the labeled 
precursor. 

NSC-154020 and which showed similarly a greater 
effect on the incorporation of formate than on the 
incorporation of hypoxanthine. Analysis of the sol- 
uble fractions of these cells by two-dimensional 
paper chromatography followed by autoradiography 
showed an essentially complete exclusion of 14C from 
purine nucleotides when [‘4C]formate was the pre- 
cursor and no specific changes in content of 14C in 
any spots when [‘4C]hypoxanthine was the precur- 
sor. 

Attempted rewrsul of ryrotoxicity. NSC- 154020 at 
a concentration of 0.15 PM produced cytostasis of 
L1210 cells over a period of 48 hr, and its effects were 
not prevented or reversed by presence in the medium 
of the following compounds at the indicated concen- 
trations (PM): 5-amino-4-imidazolecarboxamide 
(AIC), 120; adenine. 19; hypoxanthine, 150; uridine. 
80; and AIC, 120 + uridine, 80. These negative results 
are not shown. 

The metabolism of NSC-I54020 in cell cultures is 
simple in that only one (or two) metabolites are 

154020 
0.3)JM 

154020 
1.5 bfl 

SANGlVAMYCIN 
0.3 WI 

SANGlVAMYCIN 
1.5 CM 

1 FORJUTE 
HX 

] FOIWTE 
HX 

CONTROI 
(100) 

Fig. 5. Effects of NSC-154020 and sangivamycln on the 
utilization of sodium [“Vjformate and [8-“‘Clhypoxan- 
thine by L1210 cells. The inhibitors were added 1 hr before 
the labeled compounds and the cells were harvested 4 hr 
after addition of the labeled compounds. The acid-insolu- 
ble fraction was isolated and assayed for 14C as described 

in the text. 

formed and in that there was no incorporation in to 

polynucleotides. The only metabolite that was found 
in L1210 cells, and the principal metabolite in H. 
Ep.-2 cells, was a compound with the properties of 
a 5’-monophosphate. a finding consistent with the ac- 
tivity of NSC-154020 as a substrate for adenosine 
kinase. The identity of the second metabolite found 
in H. Ep.-2 cells is as yet not established. This com- 
pound has the properties of a monophosphate. but 
is separable from the presumed 5’-monophosphate. 
It apparently is not a 2’- or 3’-phosphate because of 
its activity as a substrate for 5’-nucleotidase. That it 
probably is not a phosphate of a ring-altered metabo- 
lite of NSC-154020 is shown by the fact that treat- 
ment with phosphatase or nucleotidase converted it 
to a compound indistinguishable from NSC-154020 
by chromatography on paper in three solvent systems. 
It is possible that it is a complex of the 5’-phosphate 
of NSC-154020 with a substance present in H.Ep.-2 
cells but not in the L1210 cells. No evidence was 
found in any of the experiments of a compound with 
the expected chromatographic properties of the agly- 
cone of NSC-154020; this indicates that this agent 
is not acted upon by nucleoside phosphorylases or 
hydrolases. Plagemann [4], in similar studies with 
Novikoff hepatoma cells, mouse L-cells, HeLa cells, 
and H.Ep.-2 cells. found the monophosphate to 

account for more than 90 per cent of the intracellular 
radioactivity present after growth in the presence of 
[“?Z]NSC-154020, and also noted the absence of any 
degradation products; the presence of a second meta- 
bolite in H.Ep.-2 cells was not mentioned. 

The primary purpose of this study was to determine 
if NSC-154020 differed in biochemical properties from 
other known nucleoside analogs. NSC-154020 is 
related structurally to both V-substituted adenosine 
derivatives and to the 7-deazapurine nucleosides, and 
may be regarded as an N6-substituted-7-deazaadeno- 
sine derivative in which the N6-substituent is linked 
covalently to the 7-position. A comparison of the 
metabolism of NSC-154020 with that of related nuc- 
leoside analogs shows that it is in fact that which 
would be predicted. The three enzymes that act di- 
rectly on adenosine and adenosine analogs are adeno- 
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sine kinase, adenosine deaminase, and purme nucleo- 
side phosphorylase. Tubercidin and sangivamycin are 
substrates for adenosine kinase [lo, 143 but not for 
the deaminase or phosphorylase [2]. With respect to 
these three enzymes, NSC-154020 exhibited the same 
behavior as tubercidin and sangivamycin, but it 
showed differences with respect to further metabolism 
of the monophosphates. since tubercidin and sangiva- 
mycin are converted to polyphosphates and incorpor- 
ated into RNA and DNA [2, 151. whereas 
NSC-154020 is not. The behavior of NSC-154020 is 
also consistent with that of Nh-substituted adeno- 
sines. These derivatives. even some with bulky 
ivh-substituents. arc substrates for adenosinc kinase 
[lo, 16. 171. but the Nh-substitution limits the forma- 
tion of higher phosphates [lS]. Presumably it is the 
hrh-substitution that prevents the formation of higher 
phosphates of NSC-154020; it is possible that the 
higher phosphates might be formed in human ceils 
under conditions of prolonged incubation. as has 
been observed for some Nh-substituted adenosines 

1161. 
Thus, insofar as its metabolism is concerned. 

NSC- 154020 resembles known adenosine analogs. 
With respect to similarities in metabolic effects, less 
definite statements can be made because the mech- 
anism of action of no adenosine analog is under- 
stood completely. Since the biological activity of 
NSC-154020 must be ascribed to the nucleoside itself 
or to its monophosphate, its metabolic effects should 
be less complex than those of nucleosides that are 
incorporated into polynucleotides, and it might there- 
fore be useful to make a comparison between 
NSC-154020 and another nucleoside that is not 
readily converted to higher phosphates. Such a com- 
pound is &methyl-thiopurine ribonucleoside. which 
is also a substrate for adenosine kinase [ 1 I] but is 
not converted into higher phosphates except under 
unusual conditions [l 1, 191. Both 6-(methylthio)purine 
ribonucleoside [l l] and NSC-154020 (Fig. 5) inhibit 
de nouo purine synthesis. This apparently is a primary 
site of action of 6-(methylthio)purine ribonucleoside 
because its cytotoxicity can be prevented by AIC or 
hypoxanthine [20]. However, this inhibition appar- 
ently is not the primary cause of the cytotoxicity of 
NSC-154020 because AIC or hypoxanthine provided 
no degree of reversal. Thus, although 6-(methylthio)- 
purine ribonucleoside and NSC-154020 are metabo- 
lized similarly. they do not share a common primary 
site of action. 

Some evidence of a specific effect of NSC-154020 
is that it decreased the pool sizes of UTP and CTP 
more than it did those of the purine nucleotides (see 
Table 2). This effect might be indicative of a blockade 
on the pyrimidine pathway and would not be totally 
unexpected in view of the observation [Zl] that 
adenosine itself is toxic as a result of a blockade of 
this pathway. However, effects on the pyrimidine 
pathway are not specific and probably are not a sig- 
nificant contribution to the activity of NSC-154020 
because uridine failed to give any detectable degree 
of reversal. The fact that a combination of AlC and 
uridine also failed to reverse is indicative that concur- 
rent blockade of both pyrimidine and purine path- 
ways is not the mechanism of action. A combination 
of uridine and adenosine or hypoxanthine was also 

ineffective in preventing or reversmg NSC- 1540X 
induced inhibition of NovikoR hepatoma cells 141. 

NSC-154020 did inhibit the incorporation of pre- 
cursors into DNA. RNA and protein but with little 
or no specificity. Similar observations with Novikofl 
hepatoma cells were made by Plagemann [4], wsho 
pointed out that a study of this type does not clearly 
differentiate between inhibition of transport of the 
precursor and inhibition of metabolic nathways lead- 
ing to the macromolecules. 

Although the studies reported here and by Plage- 
mann [4] have failed to reveal any NSC-154010- 
Induced metabolic effect of sufticlcnt magnitude and 
specificity to account for the high cytoxiclty of this 
compound. adenosinc and adenosinc analogs arc 
known to produce a variety of metabolic efiects. many 
of which have not yet been examined as sites of action 
for NSC-154020. Among these are inhibitlon of syn- 
thesis of PRPP [22] and effects on pools of cyclic 
nucleotides [23? 241. 

With respect to the question as to whether 
NSC-154020 represents a new type of structure with 
biological activity. no evidence so far ohtalned reveals 
any features of metabolism or metabolic effects that 
are not shared with certain other adenosine analogs. 
It appears. then, that NSC-154020 should be classified 
as another biologically active 7-deazapurme nucleo- 

side. 
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