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Summary. Ultraviolet light was demonstrated to stimulate flavone glycoside 
synthesis in Petroselinum cell suspension cultures. The data presented suggest 
the involvement of phytochrome in this response: Flavone glycoside formation 
resulting from 1 h of ultraviolet irradiation was increased by subsequent continuous 
far-red light irradiation. However, the ultraviolet effect was reduced by a sub- 
sequent irradiation with 10 min of far-red. This far-red effect was fully reversed 
by a sub-sequent irradiation with 10 min of red. Red and far-red irradiations were 
ineffective without ultraviolet preirradiation. It  is concluded that in this system 
ultraviolet irradiation is required in order to change the cells in such a way as 
to allow a physiological effectiveness of the phytochrome system. 

Most enzymes involved in  the pa thway  of flavone glycoside synthesis 
in  cell suspension cultures from parsley (Petroselinum hortense) have been 
identif ied (Hahlbrock et al.). The ac t iv i ty  of each of these enzymes, 
as well as f iavone glycoside accumulat ion,  increases drast ical ly upon 
i l lumina t ion  with white light (Hahlbrock et al.). 

Since there is little informat ion  about  photoresponses in  cell cultures, 
except those regarding photosynthesis  or growth, an  analysis of this 
light effect was under taken .  One phytochrome effect demonst ra ted  in this 
context  was a slight change in growth rate of callus tissue (Kasperbauer 
and  Reinert) .  Another  well-established light response in  cell or tissue 
cultures, the accumula t ion  of an thoeyan in  in  Haplopappus, seems not  
to be mediated by  phytochrome (Laekmann).  The f inding of a phyto- 
chrome response involving a well-defined step of different iat ion in a 
cell culture would provide an  appropriate  model system for invest igat ing 
the molecular mechanism of cell differentiation. 

Cell suspensions from parsley were obtained and grown as described previously 
(Hahlbrock et al.), subculturing every 7 days. For experiments constant amounts 
of cells from 7 days' old cultures were collected by means of small flitted glass 
filters and transferred to 5 • 5 cm glass petri dishes containing constant volumes 
of medium. The tubes were covered with plastic lids which had good transmission 
in the near ultraviolet (Falcon Plastics, Los Angeles). Growth of the cultures 
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in the dark and irradiation experiments were done under sterile conditions with 
continuous shaking at 25 ~ C. 

For irradiation standard red (67.5 ~zW- cm e) (Mohr et al., 1964) and standard 
far-red (350 tzW. em -2) (Mohr, 1966) sources were used. White light (ca. 5000 tzW. 
cm -~) was obtained from a high pressure xenon arc and ultraviolet (75 ~W" em -2) 
from ultraviolet lamps (Osram L40W/73, )'max 350 nm). 

Extracts were prepared by homogenizing 1 g of cells (fresh weight) in 5 ml 
0.1 M borate buffer, pH 8.8, in a Sorvall Omni-Mixer. (Borate buffer was used because 
phenylalanine ammonia-lyase was measured in the same extracts.) In the 35000 g 
(15 rain) supernatant, the flavone glycoside content was determined by measuring 
the absorbance at 380 nm, protein by a standard biuret method (Layne) and the 
activity of glucose-6-phosphate dehydrogenase after Kuby and Noltmann. 

As a system of reference the fresh weight was used, since it was not influenced 
by the irradiation. Proportionality between extract volume and enzyme activity 
and reaction linearity for 10 min were always observed. Values in Tables 2 and 3 
are means of 8-12 parallel and independent experiments. The standard error is 
always less than 5 %. 

The spectral  range ac t ive  in inducing f lavone glycoside accumula t ion  

was es t imated  by means  of a series of glass filters wi th  a sharp trans- 

mission cut-off a t  the shorter  wavelengths  (Schott ,  Nainz).  Fo r  this 

purpose  the incuba t ion  vessels were wrapped  in a luminum foil so t h a t  

l ight  could only reach the cells th rough  a window in the lid covered 
with  the  filter. The  da ta  of Table  1 indicate  t h a t  m a x i m u m  q u a n t u m  

efficiency was below 320 nm if one takes  into account  t h a t  the spectral  

emission of the xenon lamp decreases rap id ly  in u l t rav io le t  range. 

P re l iminary  act ion spectra  using a Bausch and Lomb monochromato r  

are consis tent  wi th  a m a x i m u m  q u a n t u m  efficiency below 300 nm. 
The visible range of the  spectrum, as well as long t ime i rradiat ions 

wi th  high intensi t ies  of red or far-red light, p roved  to be wi thou t  detec- 

table  effect (Table 3). 

Dur ing the  t ime  of t r e a t m e n t  fresh weight  increased to the same 

a m o u n t  in ei ther  da rk- t rea ted  or i r rad ia ted  cultures. Also no differences 

Table 1. Estimation o] the spectral range active in ]lavone glycoside accumulation 
by means o] ultraviolet absorbing/ilters. The samples were irradiated with white light/or 

2 h and flavone glycosides measured alter a/urther 20 h o] darkness 

Filter used Flavone glycosides 
~ a  A~,o ~ 

435 0.13 
385 0.19 
345 0.31 
320 0.73 
280 0.90 
without 0.92 
dark control 0.12 

a Wavelength at which transmittance of the filter is 50%. 
b Standard extract = 1 g fresh weight/5 ml buffer. 
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Table 2. Test/or light-dependent changes in ]resh weight, protein content and extractable 
activity o/ glucose-6-phosphate dehydrogenase 

Program of irradiation Fresh weight Protein Glucose-6- 
(g/sample) (mg/ml phosphate 

extract) dehydrogenase 
(AA/min) 

60 rain U.V. ~- 10 min red ~ 15 h dark 1.41 0.85 0.119 
60 min U.V. ~- 10 min far-red -~ 15 h dark 1.39 0.88 0.128 
60 min U.V. ~- 15 h far-red 1.42 0.86 0.123 
16 h dark 1.37 0.86 0.125 

Table 3. Flavone glycoside accumulation mediated by short-time irradiation with red and 
/ar-red light and with continuous Jar-red light 

Program Flavone 
glycosides a 
(A~so) 

Preirradiation with 60 min ultraviolet 
followed by: 

15 h dark 0.36 
15 h far-red 0.41 
10 min red ~- 15 h dark 0.355 
10 rain red ~- 10 rain far-red -~ 15 h dark 0.255 
10 min far-red -- 15 h dark 0.26 
10 min far-red -~ 10 min red ~- 15 h dark 0.35 

Without ultraviolet preirradiation: 
16 h red 0.12 
16 h far-red 0.125 
10 rain red + 16 h dark 0.12 
10 min far-red ~- 16 h dark 0.125 
16 h dark 0.125 

Initial value before irradiation 0.12 

a Standard extract ~ 1 g fresh weight/5 ml buffer. 

in  protein  content  due to the i r radia t ion could be detected. The ac t iv i ty  
of glucose-6-phosphate dehydrogenase remained unchanged.  There was 
no indica t ion  of any  damage to the cells due to the s tandard  ul t raviolet  
i r radia t ion used. A l inear increase in  flavone glycoside accumula t ion  
was measured with respect to the t ime of ul t raviolet  i r radiat ion up to 
5 h (measured after 20 h of darkness). 

Of special interest  is the f inding of a second photoresponse detectable 
only after preirradiat ion with ul t raviolet  light. The data  of Table 3 
indicate the invo lvement  of phytochrome in  this response. The s t imula t ion  
of flavone glycoside accumula t ion  observed after 60 min  s tandard  
ul t raviolet  i r radia t ion was reduced by  about  40 % by a subsequent  pulse 
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of 10 min  of fa r - red  l ight .  This  reduc t ion  of t he  u l t r av io le t  effect was 
nul l i f ied b y  a subsequent  red  i r rad ia t ion .  R e d  and  far - red  l ight  given 
wi thou t  u l t r av io le t  p r e t r e a t m e n t  h a d  no effect. The fact  t h a t  red  l ight  
g iven af te r  u l t r av io le t  showed no add i t iona l  s t imula t ion  of f lavone 
glycoside accumula t ion  can be exp la ined  b y  the  fo rma t ion  of a large 
percentage  of Pf~ b y  the  u l t r av io le t  p re i r rad ia t ion .  

Ano the r  ind ica t ion  for the  i nvo lvemen t  of p h y t o c h r o m e  is the  resul t  
t h a t  cont inuous  fa r - red  l ight  increased  f lavone glycoside accumula t ion  
to values  h igher  t h a n  those  ob ta ined  af ter  u l t r av io le t  fol lowed b y  darkness  
(Table 3). I t  mus t  be emphas ized  t h a t  there  was no effect of cont inuous  
red  or fa r - red  l ight  upon  f lavone glycoside fo rma t ion  wi thou t  a preceding 
i r r ad ia t ion  wi th  u l t r av io le t  l ight.  

Though we are  unable  as ye~ to d is t inguish  c lear ly  be tween  the  two 
effects of u l t r av io le t  and  red  or fa r - red  l ight ,  the  d a t a  thus  far  p resen ted  
suggest  a mode l  sys tem for the  s t u d y  of a double  ac t ion  mechan i sm 
in d i f fe ren t ia t ion :  u l t r av io le t  l ight  exer ts  some specific ac t ion  which 
changes the  cells in such a w a y  t h a t  p h y t o c h r o m e  becomes able  to exer t  
i ts  r egu l a to ry  influence on the  d i f fe rent ia t ion  process (Mohr and  Sit te) .  

I thank Prof. I-I. Mohr for his encouragement, Dr. P. Schopfer for helpful 
discussions, and Mrs. Marina Schmidt for skilful technical assistance. 
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