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An analog of thuringiensin (/7), containing uracil instead of adenine, was synthetized by the
method employed for thuringiensin. Similarly to the parent substance this analog inhibits the
DNA-dependent RNA polymerase of Escherichia coli, simultaneously competing with the
natural substrate, i.e. UTP. The inbibition constant (K; = 30 M) shows that the uracil analog
of thuringiensin is an inhibitor of RNA polymerase roughly as efficient as thuringiensin.

It has been shown in the preceding studies that the phosphorylated derivative of ade-
nosine, thuringiensin (I), is a natural inhibitor of both prokaryotic and eukaryotic
DNA-dependent RNA polymerases! =, The inhibitory effect of this compound,
containing in addition to adenosine glucose and phosphorylated allaric acid’,
consists in the competition with ATP for the nucleotide binding site on RNA poly-
merasc’. Studies carried out with the analogs of this natural inhibitor have demon-~
strated the relative role of the individual parts of the molecule for the inhibitory
effect. The transformation of the sugar moiety of the molecule brings about a de-
crease of the inhibitory effect®. A change of the purine base shows that the binding
to the active site and thus also the inhibition depend on the base pairing according
to the Watson-Crick rule!*2. The dephosphorylation of thuringiensin leads to a com-
plete Joss of enzymatic activity®.

The ribonucleoside triphosphates derived from the purine bases, adenine and
guanine, are involved in the RNA polymerase catalyzed reaction both during the
inhibition and the elongation phase. It was therefore of interest to examine the
inhibitory properties of the above analog containing a pyrimidine base, i.e. uracil
instead of adenine. The present paper deals with the synthesis of a pyrimidine analog
of thuringiensin and with the determination of its inhibitory effect.

The synthesis of the uracil analog of thuringiensin (1I) was carried out by a method
analogous to that used for the synthesis of thuringiensin'®. The original synthesis
was modified only slightly: The transformation of the triacctate (I1I) to the penta-
acetate (I'V) was simplified and the time of the conversion of the hexaacetate (V)
into the anomerous mixture of halogenoses (VI) was prolonged. To ensure the pre
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ferential formation of the B-anomer the nucleosidation was carried out in aceto-
nitrile in the presence of mercuric bromide'!. The cleavage of the lactone ring and the
phosphorylation were carried out as described in the original paper!®
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The comparison of the inhibitory effect of thuringiensin (I) with the effect of its
uracil analog II (Fig. 1) shows that the inhibition curve characterizing both com-
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Fia. 1
Inhibition of RNA Polymerase by Thurin-
giensin (/) and the Uracil-Analog of Thurin-
giensin (1)

The reaction mixture contained in a final
volume of 0:125 ml: salts, DNA, nucleotide
triphosphates and the enzyme as givenin Ex-
perimental. Varying amounts of the inhibitor
were added to the reaction mixture before
the enzyme. The reaction mixture was
incubated for 10 min at 37°C. Values for
thuringiensin O and the uracil-analog of thu-
ringiensin @. In denotes inhibitor.
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pounds has the same course. The inhibitory effect can be reversed by the corres-
ponding nucleoside triphosphate only, i.e. by UTP (Table 1), similarly to thuringiensin
(1) which is antagonized by ATP only. The competition between the uracil analog (I1)
and UTP follows from the Dixon plot (Fig. 2). The plot permits the graphical de-
termination of the K;-valuc showing that the uracil analog of thuringiensin (K; =
= 20 pM) has approximately the same inhibitory effect as thuringiensin itself (K; =
=20 |.lM). The uracil analog of thuringiensin therefore acts analogically to the parent
substance. It can therefore be used to adavantage as a specific inhibitor of RNA
polymerase wherever the presence of the adenine moiety is not desirable.

RO H’c\ -~ CH,0Ac
o~
AcO
OAc  OAc

1V, R = O—CH,CCl,
¥, R = a,p-OAc

VI, R = a,B-Br

vil, R = uracil-1-yl

TasLz I
Relation between the Inhibitor of RNA Polymerase and Varying Concentrations of Nucleoside
Triphosphates

The reaction mixture contained in a final volume of 0-125 ml: salts, DNA and enzyme as given
in Experimental; labeled ATP (25 nC) and labeled UTP (25 nC), respectively; nucleoside tri-
phosphates and uracil-thuringiensin analog (II) as shown in the Table. The reaction mixture
was incubated 10 min at 37°C. The labeled triphosphate is marked by an asterisk.

Concentration Concentration, um Enzyme
of inhibitor II = activity
M ATP  CTP GTP  UTP %
— 80 80 80 20* 100-0
73 80 80 80 20%* 42-3
73 240 80 80 20* 379
73 80 240 80 20* 354
73 80 80 240 20* 41-3
73 20* 80 80 80* 466
73 20* 80 80 160 586
73 20* 80 80 240 68-9

Collection Czechosiovak Chem. Commun. [Vol. 46] [19681]



670 Kalvoda, Horsk4, Scbesta @

EXPERIMENTAL

Thin-layer chromatography was carried out on Merck Kieselgel GF, 5, (Type 60). The solutions
were dried by anhydrous magnesium sulfate and concentrated at a bath temperature of 40°C.
The samples for analysis were dried 10 h at 60°C and 13 Pa. The UV-spectra were measured
in a Unicam SP-700 spectrophotometer.

Methyl 3,5-Di-0-benzoyl-2-0-[2,3,6-tri-O-acetyl-4-0-2,2,2-trichloroethyl(-2,3-di-O-acetyl-
-B-D-ribofuranosid-5-yl)-a-D-glucopyranosyl]-(2R)-allaro-1,4-lactonc-6-ate (IV)

Pyridine (30 ml) and water (Jﬁ ml) were added to 2'46 g (2 mmol) of /I and the mixture was
heated at 100°C with stirring. The mixture was then cooled down, concentrated, and the residue was
codistilled with pyridine (2 . 10 mi). Subsequently, pyridine (20 ml) and acetic anhydride (20 ml)
were added to the dry residue and the mixture was set aside for 1 h at room temperature; it was
concentrated afterwards and the residue codistilled with xylene (2 . 20 ml). The obtained syrup
(IV) was used in the subsequent step without any purification. The sample for analyses was
purified by chromatography on silica gel in the system benzene-ethyl acetate 8:2 (R 033
on TLC in the same system). For C34H,,Cl30,; (1050) calculated: 50-23%; C, 4-51%; H, 10:13%]
Cl; found: 50-46% C, 4:41% H, 10-32% CI.
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FiG. 2
Double Reciprocal Plot of RNA Polymerase Activity at Different Ratios of UTP/Uracil Analog
of Thuringiensin (/I) (a) and ATP/Thuringiensin (1) (b) 1 80, 2 120, 3 160, 4 240 um UTP (a)
or ATP (b) in the reaction mixture. [In] denotes the micromolar concentration of thuringiensin
and the UTP-analog of thuringiensin, respectively, v is the reaction rate of the reaction with the
inhibitor expressed in counts/min. For details of the reaction mixture see Experimental.
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Methyl 3,4-Di-O-benzoyl-2-0-(2,3,6-tri-O-acetyl-4-0-(2’,3’-di-O-acetyl-uridin-5-yl)-
—u-n-g]ucopyranosyl)-(ZR)-alJaro»l,4-Iactone-6-ate (VID

Product 1V obtained from 2-42 g (2 mmol) of /II was dissolved in methanol (25 ml), zinc powder
(4-0 g) was added to the solution which was subsequently treated dropwise with hydrochloricacid
(1-0ml). The mixture was filtered 15 min later, the filter was washed with methanol, and the filtrate
was concentrated. Alter the addition of water (20 ml) and chloroform (20 ml) the emulsion formed
was broken up by the addition of a few drops of acetic acid; the chloroform layer was dried and
concentrated. The dry residue was mixed with pyridine (5 ml) and acetic anhydride and the mixture
was allowed to stand 1 h at room temperature; it was concentrated afterwards and the residue
was codistilled with xylene (3 . 10 mi). The dry residue of the anomerous mixture of acetates
was dissolved in the mixture chloroform (10 ml)-xylene (10 ml) and hydrogen bromide gas bubbled
through the solution 45 min at room temperature; the solution was concentrated afterwards.
To the dry residue of the anomerous mixture of halogenoses ¥/ were added mercuric bromide
(50 mg) and a solution of 2,4-bis(trimethylsiloxy)pyrimidine’ (780 mg; 3-0 mmol) in acetonitrile
(30 ml): the mixture was allowed to stand 48 h at room temperature. Pyridine (2 ml) and acetic
acid (2 ml) were subsequently added, the mixture was concentrated and the residue codistilled
with toluene (2 X 10 ml). Product VI was isolated by chromatography on silica gel (4 X 25¢cm
cotumn) in (he system benzenc-acetone 7:3 (TLC: Ry of V/I0-42 in the same system). Yield
975 mg (48% in terms of 1II) [«]2,35 +50:9° (¢ 05 in chloroform). For C4sH,30,4N, (1013)
calculated: 54-54%; C, 4:77% H, 2:76% N; found: 54-61% C, 512% H, 2:45% N.

2(R)-0-(4-O-Uridine-5’-yl-a-D-glucopyranosyl)-4-O-phosphorylallaric Acid (1)

Pyridine (10 ml) was added to the solution of nucleoside V77 (250 mg; 0-25 mmol) in methanol
(10 ml) and the mixture was boiled for 45 min. The mixture was then acidified by hydrochloric
acid, diluted with water (50 ml), and extracted with ethyl acctate (2. 30 ml); the cxtract was
concentrated and the residue was codistilled with ethyl acetate (3 .20 ml). The dry residue was
treated with ethyl acctate (20 ml). then stepwise with a IM solution of phosphorus oxychloride
(4 ml) and with 1M pyridine solution (4 ml) (both solutions in ethyl acetate); the mixture was
stirred 2 h at room temperature afterwards. Water was added and the mixture was stirred for
another 15 min period. The aqueous layer was separated, extracted with ethyl acetate (15 ml),
both extracts were pooled, dried, and concentrated. The dry residue was dissolved in pyridine
(10 ml) and 1M sodium hydroxide (20 ml) was addcd to the solution. The mixture was allowed
to stand overnight at room temperature and filtcred through Dowex 50 in NH, -form; the filtrate
was concentrated and the dry residuc was codistilled with water (2. 20 ml). The product was
isolated from the residue by ion exchange chromatography on DEAE-cellulose (25 X 300 mm
column). The column was eluted by a gradient of triethylamine carbonate (pH 8, 0-1M—0-5m,con-
stant volume 1000 ml). The UV-absorbing fraction emerging between 500 and 1100 ml was
collected. The fraction was evaporated to dryness and the residue was codistilled with water
(2. 50 ml). The dry residue was dissolved in water (5 ml) and the solution was filtered through
Dowex 50 in H*-form (10 X 20 mm column), the filtrate was made alkaline by ammonia, con-
centrated and lyophilized. Yicld 35 mg (21%) of 88% concentrate (determined spectroscopically),
uracil: P 1: 1:16, 4,;, 231 nm, 4., 262 nm in 0:IM-HCI; CD spectrum (H,0): [0545,,,, 25260°,
[6)362nm 0% [0)3440m —46190° [0]350, (min) —18880°, [O]y 5, —36180°

Biochemical Preparations

The isolation of thuringiensin has been described elsewhere! 213, The DNA-dependent RNA
polymerase was prepared from E. coli K12 by the modified method of Burgess'4, including
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the chromatography on Heparin-Sepharose according to Sternbach!. The solution of the enzyme
in 50% glycerol containing 10 mg of protein per ml was stored at —20°C. The DNA from Bacillus
subtilis SB 19 was prepared by the method of Marmur'®. Unlabeled nucleotide triphosphates
were purchased (rom the California Corporation for Biochemical Research (U.S.A.). [IAC]-UTP
and [**C]-ATP were from the Institute for Research Production and Application of Radioiso-
topes, Prague. Dithiothreitol was purchased from Koch-Light Laboratories (England). Insta-
fluor and Soluene 300 were from Packard (The Netherlands). Whatman GF/C glass fibre filters
(diameter 24 mm) were used.

Enzyme assay. The reaction mixture contained in a final volume of 0-125 ml: 50 mm Tris-HCI
(pH 7'5), 0-8 mmM-Mg?™, 1 mm-Mn?*, 4 pm dithiothreitol, 80 um-UTP, CTP and GTP, respecti-
vely, 20 uM-ATP and 0-8 pum [”’C]-ATP (25 nCi) (in experiments with labeled UTP the concentra-
tion of ATP was 80 pm, of UTP 20 um and of ['*CJ-UTP 0-8 um, 25 nCi); the reaction mixture
contained further 12 ug of DNA and 10 ug of enzyme protein. After incubation at 37°C for
10 min, 0-01 ml of bovine serum albumin (75 mg/ml) was added as a carrier followed by 1-0 ml
of 5% (w/v) trichloroacetic acid. After standing for 30 min at 0°C the acid-precipitable malerial
was collectcd on Whatman GF/C glass fibre filters and washed with 5 ml of 5% and 0-5% tri-
chloroacetic acid and with 5 ml of an ether~ethanol mixture (1 : 1). After drying (10 min, 80°C)
the filter was suspended in .0-2 ml of Soluene 300 for 30 min. The radioactivily was measured
60 min after addition of 5 mJ of a scintillation cocktail (2 ml of Instafluor and 3 m! of toluene
scintillator) in an Isocarb liquid scintillation counter.

The authors thank Dr I. Frié for the measurement of the CD spectra and to the Analytical Depart-
ment of this Institute (Head Dr J. Hordéek) for the clemental analyses. The authors wish to express
their thanks to Mrs D. Veverkova for skillful 1echnical assistance and to Mr J. Hanzlik for careful
radioactivity measurements of the samples.
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