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Abstract

The effect of adenine and other purine derivatives on the ”de novo” purine
synthesis was investigated in young wheat schoots. Adenine, adenosine and
AMP inhibited strongly this biosynthesis, whereas hypoxanthine had no
effect. The incorporation of each of the used precursors; [1-14C] glycine,

[**C] formate and [“C] carbonate was inhibited by adenine in the same
extent.

INTRODUCTION

It is known that the biosynthesis of purines in bacteria and animal
tissues is initiated by formation of 9-phosphoribosylamine which reacts
then with glycine and gives glycinamide ribonucleotide. This compound
is eventually converted to IMP (inosine-5’-phosphate) which is the first
purine intermediate. The first reaction is regulated by a feed-back
mechanism (see review by Moat and Friedman 1960). In higher
plants these initial steps of purine biosynthesis were investigated by
Kapor and Waygood (1962).

The aim of the present paper was to determine the effect of adeni-
ne and its derivatives on ,,de novo” synthesis of the purine ring in young
wheat shoots. Preliminary observations on the inhibitory effect of ade-
nine on purine ring synthesis were described previously (Rybicka 1969).

MATERIALS AND METHODS

Reagents; [1-1C] glycine and Nay*CO3 were obtained from
Instytut Badan Jadrowych, Swierk, Poland. Sodium [**C] formate was
purchased from Radiochemical Centre, Amersham, England. All non-



284 H. Rybicka

labelled purine derivatives were purchased from L. Light Co., Coln-
brock, England and Calbiochem, Los Angeles U.S.A. Other reagents were
from Fabryka Odczynnikéw Chemicznych, Gliwice, Poland.

Plants; Green, five-day old wheat plants variety ,, Dankowska biala”
(Triticum aestivum ssp. vulgare var. albidum) were used throughout.
Feeding was carried out under conditions described previously (R y-
bicka 1969).

EXTRACTION, SEPARATION AND DETERMINATION OF PURINE DERIVATIVES

The acid-soluble purine derivatives were extracted with cold 0.3 N
HCIO: purified and separated as described previously (Rybicka 1969),
with the only change in conditions of column chromatography. Dowex
1X8, 100-200 mesh, formate form, column (0.8X25 cm) was used this
time. Adenine and adenosine were eluted with 150 ml of water follo-
wed by AMP (adenosine-5"-phosphate) and DPN (diphosphopyridine nuc-
leotide) elution with 120 ml 0.4 N HCOOH. To obtain the sum of free
adenine plus the adenine orginating from its derivatives (Table 1 and 3)
the acidic extract from seedlings was hydrolysed at 100°C for 1 hr.

Table 1

Effect of adenine on the incorporation of [1-'#Clglycine, ['*Clformate and ['*Clbicarbonate into
adenine derivatives

2g samples of wheat shoots were fed with 0.3 ml substrate solutions for 2 hr at 20°C. The solutions contained indicated
substrates in the following guantities; [1-14Clglycine, 2 760 000 c.p.m. (2 880 000 c.p.m.[umole); sodium [*4C]formate,
2760 000 c.p.m. (5 280 000 c.p.m./umole); sodium [!*C]bicarbonate, 1 560 000 c.p.m. (7 800000 ¢.p.m.[umole); and

adenine 0.2 pmole. Results are given as mean of two separate experiments

| Uptake * l! Uptake * . Adenine ** of acid-soluble fraction
; Substrates i of radioactive | ¢ denine —— _—I e
I stbstrate | umoles | pmoles | c.pm. %
I -p.m. | I | of inhibition |
| [1-'*Clglycine 2700000 | Cooas 370 | -
| [1-**Clglycine + ’
| -tadenine [ 2700000 0.20 - 0.25 120 | 67
Sodium['*C] ’ ;
| formate i 2 700 000 — 0.24 2540 -
| Sodium['*C] for- _ :
! mate-adenine | 2 700 000 0.15 0.23 ! 850 66
| Sodium['“C] i ;
. bicarbonate 1 560 000 - 0.24 | 170 —
| Sodium['*C] bicar-

| bonate +adenine 1560000 | 0.20

0.27 60 | 65 |

* Difference before and after feeding.
** All adenine derivatives after hydrolysis.
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The acid-insoluble fraction was hydrolysed with 1 N HCIl at 100°C
for 1 hr and resulting adenine was isolated and determinated as descri-
bed for acid-soluble fraction.

The radiocactivity of adenine was measured in an automatic liquid-
-scintillation counter (Packard Tri-Carb model 3003, efficiency for MC
80%0) using scintillation liquid by Hall and Cocking (1965).

RESULTS

The effect of adenine on the incorporation of carbonic precursors in-
to the purine ring was studied by feeding the cut off wheat shoots with
[4C] labelled substrates; [1-'C] glycine, sodium [Y¥C] formate, and
sodium ["C] bicarbonate all mixed with non-labelled adenine (Table 1).
Adenine given in the amount of 0.2 pmoles per 2g of plant tissue inhi-
bited the incorporation of these precursors into the acid-soluble adenine
derivatives by more than 60%. Adenine uptake led only to the slight
increase in its content in the acid-soluble fraction.

In the subsequent experiments free adenine, adenine from adenosine,
adenine from AMP and adenine from acid-insoluble fraction were de-
termined separately. In this instance the shoots were fed with ["C]
glycine with non-labelled adenine in quantities from 0.2 — 12 wmoles
per 10g of plant tissue (Table 2). With the increase in the amount of

taken up adenine, the inhibition of glycine incorporation into AMP

Table 3

Effect of some purine derivatives on the incorporation of [1-'*Clglycine into adenine derivatives

2g samples of wheat shoots were fed with 0.3 ml substrate solutions for 2 hr at 20°C. The solutions contained [1-1#Clgly-
cine, 1680000 c.p.m., (20 640 000 c.p.m./umole) and 0.2 pmole of the indicated purine derivatives. Results are given
as mean of two separate experiments

Uptake * Uptake * . Adenine ** of acid-soluble fraction
i . of purine |

Substrates of [1 -c l;'.‘]!:lycme derivatives | ! o/

| pmoles | Mmoles [ CPM e ibition i
| ' | |
[1-**C]glycine 1 600000 o l 0.27 | 1190 | —
[1-1*C]glycine -+ i i

+AMP 1 600000 0.15 0.29 I 290 | 76 [
[1-'4CJelycine + i | ! i
-+adenosine 1 600 000 o3 | o0 | 20 |1 |
[1-**C]glycine + ' ' |

-+hypoxanthine 1 600 000 0.20 | 0.30 1290 | 0

* Difference before and after feeding.
** All adenine derivatives after hydrolysis.
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grows higher and content of free adenine in plants increases. The quan-
titative differences clearly occur in free adenine at 1 wmole of adenine
uptake and in adenosine only at the uptake of 4 mmoles of adenine.
The uptake of 0.2 umoles of adenine causes 66% inhibition of glycine
incorporation into AMP. This quantity represents barely about 20°, of
adenine content out of all derivatives of acid-soluble fraction in 10 g of
shoots. Specific activities of adenine from acid-insoluble fraction in-
dicate also the strong inhibition "of glycine incorporation along the in-
crease of concentration of introduced adenine.

Adenosine and AMP also exert inhibitory influence on the purine
ring biosynthesis (Table 3). This inhibition amounted to 76%, when
0.2 umoles adenosine or AMP were introduced into 2g of plant tissue.
No inhibitory effect of hypoxanthine was observed.

DISCUSSION

Presented results confirm previous preliminary observations concern-
ing the possibility of purine biosynthesis inhibition by adenine in higher
plants (Ry bicka 1969). Adenine lowered not only the [1-1C] glycine
incorporation but also the incorporation of [**C] formate and ["*C] car-
bonate confirming the assumption that it is the purine ring synthesis
that is inhibited. Even very low concentration of adenine in the medium
(0.2 mM), which did not cause any significant changes in adenine con-
tent, lowered the incorporation of [1-1%C] glycine into AMP by 66%o.
The decrease in incorporation of [1-!4C] glycine into the purine ring
were caused also by adenosine and AMP.

Similar observatoins were made recently by Trachewsky and
Johnstomne (1969). In the extracts from Ehrlich ascites cells adenine
in 2mM concentrations inhibited the FGAR (formylglycinamide ribotide)
biosynthesis in 80%. Sato and Shiio (1970) in their investigations
established the inhibitory effect of adenosine on PRPP (phosphoribosyl-
pyrophosphate) amidotransferase from Bacillus subtilis. The inhibitory
effect of AMP on amidotransferase from B. subtilis was observed by
Shiio and Ishii (1969) and from Schizosaccharomyces pombe by
Nagy (1970). The inhibition of purine ring synthesis by AMP was
observed and investigated recently in the extracts from Ehrlich ascites
cells by Trachewsky and Johnstone (1969), from Escherichia
coliby Le Gal,Le Gal, Roche, Hedegaard (1967).

Experiments on wheat shoots established that adenine, adenosine
and AMP caused inhibition of purine ring synthesis also in plant ma-
terial. The question remains however if adenine itself inhibited the
purine biosynthesis in plants as it was recently observed in extracts of
Ehrlich ascites cells. The existence of free adenine pool in wheat shoots
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suggests that it may play a role in a feed-back regulation in plants. The
pools of adenosine and AMP in wheat and their inhibitory effect on
PRPP amidotransferase suggest the same role in plants. On the other
hand hypoxanthine had no effect on [1-14C] glycine incorporation into
purine derivatives and in 2mM concentrations hypoxanthine did not
inhibit the FGAR biosynthesis in the extracts from Ehrlich ascites cells
(Trachewsky and Johnstone 1969).

The role of adenine and its derivatives in the feed-back regulation
of purine biosynthesis has been known previously in microorganisms
and animal tissues. Taking under consideration recent works concern-
ing the effect of these compounds on the first stage of purine biosyn-
thesis, it is reasonable to assume that the biosynthetic mechanism of
purines and its regulation may be the same in higher plants as in other
organisms.

REFERENCES

Le Gal M. L, Le Gal Y., Roche J, Hedegaard J., 1967, Biochem. Biophys.
Res. Comm. 27: 618—624.

HallT.C., Cocking E. C, 1965, Biochem. Jour. 96: 626—633.

Kapor M, Waygood E. R, 1962, Biochem. Biophys. Res. Comm. 9: 7—10.

Moat A. G, Friedman H., 1960, Bact. Reviews 24: 309—330.

Nagy M., 1970, Biochim. Biophys. Acta 198: 471—481.

Rybicka H., 1969, Acta Botan. Pol. 38: 475—482.

Sato H, Shiio I, 1970, Jour. Biochem. 68: 763—773.

Shiio I, Ishii K. 1969, Jour Biochem. 66: 175—I181.

Trachewsky D, Johnstone R. M. 1969, Canad. Jour. Biochem. 47: 839—845.

This work was supported by the Polish Academy of Sciences within the pro-
ject 09.3.1.

Wplyw adeniny na synteze pochodnych purynowych w siewkach pszenicy
Streszczenie

Badano wplyw adeniny i innych pochodnych purynowych na synteze pierscienia
purynowego ,,de novo” w odcietych siewkach pszenicy. Adenina, adenozyna i AMP
silnie hamowaly biosynteze, natomiast hypoksantyna pozostawala bez wplywu.

Hamowanie przez adenine wecielania kazdego z zastosowanych prekursoréw:
{1-14C] glicyny, [1C] mréwezanu i [MC] weglanu bylo mniej wigcej jednakowe.
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