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AI&act-The e&et of some wmpounds on the carotenogeaesis of Rho&oruka muciiagimsa was aamined 
at growth ~~~bito~le~~. Ethanol, ~ph~y~e~d~propanol aII IX&C& the to~~~:~e 
ratio, but ox& ethanol had a stimuIatoxy effect on total carotenogemsis. ~o~ph~l was without 
effect on growth or carotenoid biosyuthesis. These results are discuss+x! in light of the current concepts on 
yeast carotenogezmis. 

INTRODUCTION 

TRE biosynthesis of carotenoids in the carotenogenic yeasts of the genus Rhodoforula (Family 
Cryptococcuceue) has been the subject of numerous investigations. Essentially two pathways 
have been suggested, According to Bonner ef al.’ the principal yeast carotenoids, torulene, 
@carotene and y-carotene, are produced separately from one C4 precursor. However, 
Simpson et al.,* in a more recent paper, put forward evidence in favour of y-carotene being 
the precursor of both &carotene and torulene (Fig. 1). The carboxylic acid torularhodin, 
another major carotenoid of the yeast, was suggested to arise by oxidation of torulene, 
a C4c-aldehyde being suggested as intermediate. Simpson ei aL3 demonstrated the incorpora- 
tion of one atmospheric oxygen atom into torularhodin by growing R rz&u in an enriched 
atmosphere of r*Oa. 

The production of carotenoids by yeasts has assumed new interest since Schwartz and 
Margalith’ have shown that supplementation of poultry feed with a preparation of R 
muciluginosu, instead of conventional food yeasts, promotes pigmentation of egg yolk. 
However, field experiments resulted in slight, undesirable violet hues in the yolks of eggs 
laid by chickens on a diet containing such pigmented yeast. 

Since most of the colouring material derived from Rhodotordz is due to torulene and 
torularhodin, it was of interest to investigate the possibility of changing the ratio of these 
pigments by suitable techniques. We have reason to believe that a su~~~~ reduction in 
the to~l~h~n content may solve the problem of the undesirable violet hue in yolks. 

It is known that both the total carotenoid Ievel as well as the quantitative relationship 
between the diGrent pigments varies according to strain, media and culture conditions. 
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Peterson et al.s claimed that a high yield of total carotenoids (358 cLg/s dry weight) with a 
comparatively Iow ~~ho~/~~ene ratio (TR/T) of @48 could be produced in R. 
mucilaginosa cultivated on a glucose-asparagine medium, while ViIloutreix6 obtained 
yields of 122 pgjg dry weight with a TR/T ratio as high as 6.12 from this yeast grown on a 
sucrose-ammonium sulphate medium. In our laboratory’ yields of total carotenoids of 
100-200 &g dry weight with a TR/T ratio of 0%1-O were obtained employing a ducose- 
ammonium lactate medium. It seems likely that the nitrogen source has a considerable 
effect on the production of these pigments. Several specific compounds are also known to 
affect carotenoid biosynthesis both quantitatively and qualitatively. Diphenylamine has 
been shown to suppress carotenogenesis in a huge number of my&al fungi,8 pigmented 
yeast6 and a number of bacteria. 9 The inhibition of carotenogenesis by ~pheny~e has 
become a standard procedure in the characterktion of the biosynthesis of these compounds 
in various micro-organisms (e.g. Mycobacterim marimm,lo B&&e&a trisporoll). Some 

5 W. J. pBIERso& W. R. Evms, E. Lmx?, T. A. Bfz~ and J. L. ETCHELIS, 3. Bacterial. 75,586 (1958). 
6 J. Vv Bkkm. B@hys. Actu 40,434 (1960). 
f P. MARCONI and M. A. FUCHS. Unpubli~~ observations. 
8 T. W. Gocmm, Biochem. J. 50, SM (1952). 
g G. TUTUAN and F. T. Ehxo, J, &tereriof. 63,690 (1952). 

10 M. M. M~XEWS, Photo&em. Photobtol. 2, I (1963). 
1’ D. M. THOMIS and T. W. GOODWIN, P~yro~m. 6,355 (1967). 
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observations on the effect of certain other compounds on the rehtiw proportions of torula- 
rhodin and torulene in R ~i~~~a are described below. 

RESULTS 

The effect of ~ph~y~ on the ~o~no~u~is in ~~t~~ ~~~a~~~a is shown 
in Table 1. SW expeximnts were carried out with ethanol and isopropano1 and, following 
the observations of Goodwi@ and Thomas et u&l3 it was interesting also to examine 
the effect of c~or~phe~~l. The& results are also summarkd in Table 1. In alI cases 
inhibitors were used at both growth subinhibitory levels as well as concentrations that were 
previously found to be not, or only slightly, inhibitory to pigment formation. 

Treatment 

Dry 
weight Tag 

(“h Total @arotene ycarotene Torahs Torulene Torwlene 

!ii 85 14 82 43 ;z 
6 93 94 099 

182 12 ii i1 
168 0.33 
81 1.01 

195 15 8 61 111 O-54 
7 85 84 1 *Ol 

208 12 6 95 95 140 

DISCUSSION 

Very Iow conjuration of dipbenylamine had no observable effect on the dry weight 
of the yeast, but carotenogenesis was considerably iuhibited, mainly due to the reduction 
of torularhodin, resulting in a low TR/T ratio. Ethanol also reduced the TRfr ratio but 
the total carotenoid content was increased by about 20 per cent. The effect of isopropanol 
was somewhat intermediate, with only a slight increase in carotenoid production. Chloram- 
phenicol was not inhibitory to growth or carotenoid production and did not a&t the 
TR/T ratio. 

In accordance with the bios~~etic scheme postulated by S~pson et al.,* ~bitio~ of 
torulene oxidation by ethanol or dipheny~~ne was accompanied by a slight, but sign&ant 
increase in &carotene formation, thus displaying a shift in the metabolic pathway favouring 
ring closure (see Fig. I). while ethanol had, in addition, a stimulatory effect on overall 
~o~nogen~~s, ~pheny~~e showed the opposite effect, depressing ~o~nogenesis to 
almost 50 per cent of the control. The favourable effect of Iower alcohols on carotenogenesis 
has been shown earlier by Van-JAnen and Tanner.14 

The conversion of torulene to to~hodin seems to be rather sensitive to various 
inhibitors and physiological conditions. Simpson et al.* reported a considerable shift 

12 T. W. GOODWIN, Aifum. Ewymol. 21,295 (1959). 
13 D. N. THOMAS, R. C. HARRIS, J. T. 0. -K and T. W. Goomw~, Phyt&ern. 6,361 (1967). 
14 J. M. VAN-LAW and F, N. TANNEX, Yitwnim Hurnwnes 6,163 (1948). 
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towards the biosynthesis of @carotene when R glutinis was grown at 5” in comparison to 
25”. It would be interesting to establish which of the enzymes concerned with the oxidation 
of tomlene are involved. 

EXPERIMENTAL 
Orwni%m 

Rho&ton&z mu~so strain R33 from the Technion culture wlkction was employed throughout this 
work. The organism was maintained on agar slants containing 0.2 per cent yeast extract (Difw), O-5 per cent 
peptone (Difw), 2 per cent glucose, and 2 per cent m in distilled water; pH 64-7%-I. 

CuIture 
The organism was cultured in 5OOd Erknmeyer tlaskE with 100 ml media on a gyrorotary shaker (2UO 

rev/min) at 30”. 2 ml of a standardkd yeast suspension from a fresh slant were transferred into 100 ml yeast 
--tracWuc--pe ptone (as for alants) broth and shaken for 48 hr. Again, 2 ml were transfenui to other 
flasks containing tho following medium (g per 1.): Ammonium lactate 11.5. glucose 50, MgSOJHzO O-5, 
K&PO4 O-5, FeCla O-001, thiamine hydrochloride 0-W. in distilled water. The pH was adjusted to 64-7Q. 
All media wex autoclaved at 121” for 2Omin. Thiamin hydrochloride was Seitz-liltend; FeC& w-as autoclaved 
separately and both ingredients were added aseptically after autoclaving. 

Tho culture was shaken for 6 day-s and harvested by centrifugation. 

Dry weight determinations and analysis of the carotenoids via solvent extraction, wlumn chromato- 
graphy, and spectrophotometric determinations were carried out following the procedure of Petenon et al.’ 


