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colonies grown on agar are grey-white and show in cross
section a typical plectenchymatic structure like that of a 
true sclerotium. As with Claviceps paspali, the mycelium 
of this strain grown in submerged culture has a cellular 
structure similar to that of a natural sclerotium. Ergot
amine production in submerged culture occurred in a 
culture medium of high osmotic pressure of the following 
composition: Mannitol 20 per cent; peptone-Difco 3 per 
cent; tap water; final pH 6·2. The culture medium was 
sterilized for 30 min at 110° C. Cotton-wool plugged 
500-ml. Erlenmeyer flasks containing 100 ml. of culture 
medium were used on a rotary shaker at 24° C (200 r.p.m., 
eccentric throw IO cm). After 8~10 days the total alkaloid 
content from the broth and mycelium ranged from 800 to 
1,400 µg/ml. (calculated as ergotamine). Chromatographic 
analysis of the alkaloids extracted from the culture 
medium showed ergotamine to be the principal component 
present. 
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Further Proof of Direct Oxygen Transfer by 
Carotenoids in Respiration and Photosynthesis 

THE hypothesis that carotenoids participate in oxygen 
transfer in photosynthesis was first put forward by 
Warburg and Krippahl1, then by Cholnoky et al. 2 • 

Sapoznikov• observed increased production of violaxan
thin (a diepoxide of lutein) in darkness with a correspond
ing decrease in lutein production. In illuminated medium 
the opposite reaction occurred. Hydroxylamine, a well
known inhibitor of photosynthesis, has been shown• to 
retard this light-darkness reaction. Blass, Anderson and 
Calvin5 confirmed the work of Sapoznikov, but, although 
they observed the decrease of violaxanthin in light, they 
found no corresponding rise in the concentration of lutein. 
In these experiments, however, nearly equal specific 
radioactivity of Iutein and violaxanthin was noted. This 
fact suggests an interrelationship between these two 
carotenoids in photosynthesis and respiration respectively. 
Recently, Saakov• gave a complete scheme of the bio
synthesis of carotenoids and of their oxido-reduction 
reactions in photosynthesis. 
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Fig. 1. Increase in violaxanthin content with corresponding decrease 
in lnteln content in barley after infection with powdery mildew. Mean 
values of at least three determinations; maximal standard deviation 
for vlolaxanthin (bottom graphs): ±0"009; for lutein (top graphs): 

±0-043. e--e, Control plants; O -- O, infected plants 
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J;'ig. 2. Increase in neoxanthin content and decrease In P-carotene 
content in barley after infection with powdery mildew. Mean values of 
at least three determinations; maximal standard deviation for neoxan
thln (bottom graphs): ±0·004; for P-carotene (top graphs): ±0·021. 
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Fig. 3. Rise of respiration of barley after infection with powdery mildew. 
e--e, Control plants; O - - O, infected plants 

During our investigations7 of barley infected with 
powdery mildew (Erysiphe graminis J.sp. hordei Marchal, 
strain 0 6 ) under standard conditions we observed in
creased content of violaxanthin immediately after infec
tion with the fungus up to the sporulation time of the 
parasite. Together with the increase of violaxanthin 
content a corresponding decrease in lutein content was 
observed (Fig. 1). Increase of oxidized carotenoid with a 
corresponding drop in the content of the reduced form 
took place in the same phase of the disease, in which 
increased respiration of the host occurs. (Pigment 
analyses were made spectrophotometrically after thin
layer chromatography on silica gel.) 

It may be mentioned that a decrease of (3-carotene 
(mono-hydroxy-(3-carotene) and a slight increase of 
neoxanthin (mono-epoxy-lutein) were also found during 
the period of increased respiration (Fig. 2). 

These results may be regarded as further proof of 
direct oxygen transfer by carotenoids in photosynthesis 
and respiration. 
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