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Abstract-Light-stunulated amaranthm synthesis m Amaranthus cuudarus see&n@ IS mnlubited by chloram- 
phemcol, puromycm, ethlomne, cyclohexlmlde, Zthloural and actmomycm D On the other hand the 
hnetm-dependent pigment productton can be blocked unme&ately only by cyclohexmude and by actmo- 
mycln D, the other tibltors are only active d the seedhngs are premcubated with them No effect on hght- 
enhanced and kmetm-mtluenced amaranthm formation was grven by 5-fluorouracd, I-azaademne, 8- 
azaguamne and 5-fluorodeoxyuruime A small part of pigment IS produced independently of protem and 
nucleic acid synthesis, espectally m tyrosme-fed seedlmgs A workmg scheme 1s proposed, based on this 
and previously reported expenments, accordmg to a hypothesis of Mohr 

INTRODUCTION 
THE POSTULATED mechanism for the light-Induced production of cell sap soluble pigments 
are quite variable Several authors have attributed to the influence of hght to an enhanced 
productlon of precursors, especially a&y1 (malonyl) CoA for the rmg A of flavonold 
skeleton,’ others demonstrated that phytochrome effects on flavonold formation are de- 
pendent on protein (enzyme) and nucleic acid synthesis *s3 Even kmetm acts on nucleic acid 
and protein metabolism and IS able to mduce enzymes, e g nitrate reductase4 or tyramme- 
methyl pherase.s The present paper examines the influence of mlubltors of nucleic acid and 
protein synthesis m dependence of environmental condltlons. Because betacyanm synthesis 
does not require acetyl (malonyl) CoA, the results provide important data for extended 
explanations of phytochrome and kmetm action. 

RESULTS 
Many mhbltors of protein and nucleic acid biosynthesis mhlblt amaranthm formation, 

though the amount of mhlbltor required for significant or complete suppression of pigment 
production are very different (Table 1). Some purme and pynmldme derivatives have no 
effect, e g. 5-fluorouracll (1O-7-1O-s mol/l ), S-azaademne (1O-7-1O-s mol/l ), S-aza- 
guamne (1O-7-1O-s mol/l ), 54uorodeoxyundme (l-100 pg/ml) and 5-bromouracll 
(10-6-10-3 mol/l) Further, the experiments demonstrate that many antlblotlcs and 
unnatural purme and pyrlmldme derivatives, administered at the begmnmg of the hght 
treatment, suppress only light-influenced amaranthm production, but not the kmetm- 
dependent amount With chloramphemcol(200 pg/ml), for instance, only the light-induced 
amaranthm production 1s mhlblted, whereas the kmetm-dependent synthesis was not 
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TABLE 1 A~XION OF INHIBITORS OF PROTEIN AND NUCLEIC ACID 
SYNTAESIS ON AMARANTHIN SYNTHES Is (~GHT-DEPE~ENI.SYNTHESIS) 

InhIbItor 

Protem synthesis 
Chloramphemcol 
Puromycm 
Ethonme 
Cyclohexrmlde 

Nuclex acid synthesis 
2-Thlouracrl 
6-Azauracd 
Actmomycm D 

Concentration g~vmg 
Sgmiicant 3 80% Inhlhtlon of 
mhlhtlon light-dependent 
(pmol/l ) synthesis @mol/l ) 

___~ ___~_____ -__- 

150 600 
10 52 5 

1 100 
001 1 

40 80 
1000 - 

4 20-40 

For compam+on, mhtbltlon of tyrosmase 
Phenylthlocarbamlde 1 30 

blocked. An apparent compensation of kmetm and gibberelhc acid on chloramphemcol 
inhibition of protein synthesis was demonstrated also m other cases 6 Though other authors 
could show an mmbition of kmetm effects by puromycm,’ it was not observed m the 
amaranthm production of Amaranthus seedlmgs This holds true also of 24hiouracl; an 
mhibition of its effect was only possible if the Amaranthus seedlings were premcubated with 
solutions of mhlbltor In comparison, cyclohexlmlde and actmomycm mhibit both the 
hght-influenced and the kmetm-dependent pigment biosynthesis without premcubation 
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FIG 1 hHIBITION OF AMARANTHM BI ~SYNTHESIS BY c~~LoRAMPHENICX)L (CA). 
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FIG 2 INHIBITION OF AMARANTHIN BIOSYNTHESIS BY CYCLOHEXIMIDE 
(On the left side-Rgment production after 24 hr, on the right side-Inhlbltlon by different doses 

of mhlbltor) 

(Figs 2 and 3). It 1s also recogmzable that a small quantity of amaranthm IS formed even 
m darkness especially if the seedlmgs were fed with the precursor tyrosme This may be due 
to small amounts of constltutlve enzymes m the chain of betacyanm synthesis bemg present. 

In every case, the effect of the mhlbltors decreases m proportion to the time elapsed 
before lrradlatlon of the seedlings occurred This IS notxeable 4 hr after onset of light treat- 
ment. After 12 hr (chloramphemcol) or 16 hr (Zthlouracll, puromycm) mhlbltlon proves 
lmposslble 

Tyros!ne Klnetin-tyrosma Tyros~ne Klnetln-tyros,n< 
I- 1-- 

Dark ----- 

- 
rr, 

Start After 24 

1 
Dar’ 

hr 

Dark 

I! ) 50 

Irrad ----- 

pg octmomycln/ml 

FIG 3 INHIBITION OF AMARANTHIN BIOS YNTHESIS BY ACZTINOMYCXN 
(On the left side-Pigment production after 24 hr, on the nght side-Inhlbltlon by ddTerent doses 

of mhlbltor) 
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DISCUSSION 

Referrmg to a hypothesis of Mohr* on photomorphogemc reactions, we propose a 
workmg scheme for explanations of our results and for further problems involved in the 
regulation of betacyamn synthesis (Fig 4) Amaranthm productlon m Amaranthus caudatus 
seedlings is regulated by the phytochrome system, by contmuous far-red n-radiation, by 
high energy blue light, and by kmetm 9 The correiatlons between light and kmetm seem to 
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Phenvlthloccrbamlde Enz’ymes 

‘~~“‘~ 1 1 1 
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FIG 4 WORKING SCHEME 

be additive. The question arises as to how the action of these exogenous factors 1s realized 
and correlated 7 Mohr stated that the phytochrome system may activate or derepress genes 
and induces m this way several enzymes for the blosynthetlc cham According to this 
opmlon, all the photoresponses > 550 nm are due exclusively to the phytochrome system lo 
A further strlkmg pomt of dlscusslon 1s the mvolvement of the blue light action m betacyanm 
synthesis It 1s thought that the primary effect of blue high energy light might consist m the 
removal of repressors of the genes 3 Because phytochrome has an appreciable absorption 
m the blue regron of the spectrum it 1s possible too that blue light should establish perhaps 
partly a P,,-level intermediate between that achieved with either red or far-red n-radlatlons 
But long-term treatments with high energy blue light seem to lead to a high-energy (HER) 
photoreactlon which can be further regulated by the phytochrome system 3 1o*11 All above 
mentioned results with mhlbttors of protein and nucleic acid blosyntheas demonstrate that 
amaranthm 1s only formed m tissues which are not disturbed by these mhlbltors. So the 
influence of phytochrome, high energy blue light and kmetm on amaranthm synthesis 
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seems to be realized vra nucleic acid and protein (enzyme) synthesis In the scheme the 
action of different mhlbltors-as demonstrated m this paper-is sketched; details for 
action of the different mhibrtors are given m other papers 1Z~1Za~13 Also the countereffect 
of glbberelhc acid (GA,) cannot be localized at present But from our experiments’2*12a 
it is known that higher concentrations of glbberelhc acid can dmumsh the promotion of 
kmetm.14 Furthermore, we found a promotmg effect of KN03 on amaranthm production, 
and it could be demonstrated that the influence of KNO, is mhlbited by 2-thlouracll and 
chloramphemcol I5 Betacyanms are synthesized according to a hypothesis of Wyler et ~1.‘~ 
from two molecules of DOPA At present, neither any single step nor the complete enzyme 
chain for betacyanm biosynthesis is known exactly But the mhlbltton with phenylthlo- 
carbamide points to the plausibthty of the suggested biosynthesis 12*12’ However, it is not 
possible at present to demonstrate how betacyanm synthesis is regulated by the above 
mentioned factors, 1 e which are the hrmtmg enzymes and reactions. But the scheme pre- 
sented may give suggestions for further work m this field 

EXPERIMENTAL 
Culture of plant matenal, extraction and estlmatlon of amaranthm and light sources were described 

previously ’ For mtibltor expenments seedlings were placed m correspondmg solutions of mhlbltors for 
determined times 
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