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Abstract--Five species of yeast and nine species of algae were analyzed for their content of =-tocopherol and 
=-tocopherolquinone. No ~-tocopherol or ~-tocopherolquinone was found in any of the yeasts examined. 
However, several of the algae contained ~,-tocopherol and ,,-tocopherolqulnone. A brine water alga, Sticho- 
coccus bacillaris, contained the largest amount of ~,-tocopherol (134.2/~g/g dry weight) and a brown marine 
alga, Macrocystis integrifolia, contained the largest amount of ~-tocopherolqulnone (11.9 p4g/g dry weight). 
None of these organics  would appear to be as suitable as Euglena gracilis for studies of the biosynthesis of 
u-tocopherol and ~,-tocopherolquinone. 

I N T R O D U C T I O N  

ALTHOUGH several workers x-5 have investigated various algae for the presence of ~,-toco- 
pherolquinone, only Powls and Redfearn 6 have done so for the tocopherols. However, their 
search was limited to the blue-green algae. In efforts to find an organism suitable for studies 
of the biosynthesis of ~-tocopherol and ~,-tocopherolquinone we surveyed a number of algae 
and yeasts for content of these two substances. 

Yeasts analyzed were Rhodatorula, Candida rugosa, C. pelliculosa (SRI microbiology) 
and Torula 1 N and 3 N (Lake States Yeast, Rhinelander, Wisconsin). Algae studied were 
Chlorella (green) (Univ. of California at Berkeley), the macroscopic marine algae Gigartina 
corymbifera and Drionitis lanceolata (red), Fucus distichus and Macrocystis integrifolia 
(brown), Cladaphora trichotoma and Ulva taeniata (green) (Hopkins Marine Station, Pacific 
Grove, California). In addition, two green microscopic marine algae, Stichococcus bacillaris 
and Dunaliella salina, reportedly present in brine water (Leslie Salt Co., Hayward, California), 
were analyzed. 

The analytical method used for ~,-tocopherol was that previously reported 7 while ~-toco- 
pherolquinone was analyzed by examination of the u.v. spectrogram before and after reduc- 
tion with NaBH4. 8 
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RESULTS AND DISCUSSION 

A summary  of  the ~-tocopherol and  ~- tocopherolquinone contents  of  the various algae 
and  yeasts are reported in Table  1. In  Table  2 are shown the chromatographic  behaviour  of 
various tocopherols and  other terpenoids in several systems. 

TABLE 1. ANALYSES OF YEAST AND AI.~AE FOR 0~-TO(:X)PHEROL AND ¢t-TOCOPHEROI, QUINONE* 

Dry wt Extract ~-TocopheroP ~-Tocopherolquinone a 
No. Organism (g) (g) (/tg/g dry wt) 

1 Torula 1 N 
2 Torula 3 N 
3 Torula 1 N b 
4 Rhodatorula 
5 Candida rugosa 
6 C. pelliculosa 

7 Chlorella c (green) 
8 Brine water algae A d (green) 
9 Brine water algae B a (green) 

10 Gigartina corymbifera (red) 
11 Drionltis lanceolata (red) 
12 Ulva taeniata e (green) 
13 Cladaphora trichotoma e (green) 
14 Macrocystis integrifolia (brown) 
15 Fucus distichus (brown) 

Yeast 
50-0 4.45 ND (2-0) ND (0.4) 
50"0 4-69 ND (2.0) ND (0.4) 
50.0 5"87 ND (2.0) ND (0"4) 
21.3 1.57 ND (4.75) ND (0'9) 
8.0 1.10 ND (12.5) ND (2.5) 

39"8 2.36 ND (2.5) ND (0"5) 

Algae 
100.0 12.7 7.58 (1"0) 0.74 
44.5 3.0 63.8 (1.74) ND (0.3) 
11-7 2.02 134.2 (8.75) ND (1.7) 

100.0 2.37 ND (1.0) 0.92 
117.5 2.24 ND (0.85) 2.42 
48.5 .75 ND (2.1) 3.43 

154.5 1.79 0.74 (0.65) 3.00 
73.7 1.67 12.2 (1-36) 11.9 

105.3 1.26 11.1 (0-95) 9.78 

* Extracts from analyses 1, 2, 3, 5, and 6 were saponitied and the unsaponifiable iipids examined by thin- 
layer chromatography for the presence of ~-tocopherol and ,,-tocopherolquinone. In remaining analyses, 
the extracts were chromatographed on columns of silicic acid and the appropriate fractions examined by 
thin-layer chromatography. HI)=none detected. 

"Figures in parentheses show the lowest possible chromatographic limits of detection. 
b Sample was homogenized in a Brownwell homogenizer before extraction. 
¢ An unknown substance with four sharp bands at 244, 249, 255, 261 m# was isolated in conjunction with 

the ~-tocopherol area. 
a Brine water A, salinity 74 g/kg, contained both Stichococcus bacillaris and Dunalieila salina; brine 

water B, salinity 36 g/kg, contained predominantly S. bacillaris. The 20 per cent E-PE fractions of each, 
upon TLC, yielded a substance with u.v. maximum at 243 m# (A) and 245 m# (B). 

e A substance with u.v. maxima at 242, 247, 253, and 259 m/~ was isolated in conjunction with the ,,- 
tocopherol area. 

TAnLE 2. CI~OlVlAlX3ORAI'HIC BEHAVIOR OF ' rcK~PHEROLS AND OTHER TERPENOID8 

Compound 

Rs value in system* 
^ 

KiG-90 % 
SiGF--CHCI3 Me2CO in H20 

Ubichromenol-9 0.056 
Ubichromanol-3 0.53 0.61 
o~-Tocopherol 0.64 0.42 
y-Tocopherol 0-695 
8-Tocopherol 0-81 
Ubiquinone-10 0.76 0-87 
~-Tocopherolquinone 0.32 

* SIGF, Silica gel-GF; KiG, Nujol-impregnated Kieselguhr. 



Investigation of algae and yeast for ~-tocopberol and ~-tocopherolquinone content 1895 

Brine water algae " B " ,  which contained primarily Stichococcus bacillaris because o f  the 
lower salinity, had the highest concentra t ion o f  ~,-tocopherol, 134.2 pg/g,  while Macrocyst is  
integrifolia, a b rown marine algae, contained the largest amoun t  o f  ~-tocopherolquinone,  
11.9 pg/g.  N o  detectable amounts  o f  either ~-tocopherol  or  ~- tocopherolquinone could be 
found  in any o f  the yeasts investigated. Our  limit o f  detection o f  ~-tocopherol  for  Torula 
yeasts 1 N and 3 N was 2 pg/g.  Diplock et al. 9 reported 2.5-4.2 pg /g  o f  ~,-tocopherol in 
Torula obtained f rom the same source. We did find an  ubichromenol  in this yeast with an  
R I value on  silica gel G F  in benzene o f  0-75 compared  with 0-67 for  ~-tocopherol.  Stevenson 
et aL to reported ubichromenol-6 to be present in Torula. 

Various strains o f  Euglena gracilis have been investigated for  content  o f  ~-tocopherol  
and  ~-tocopherolquinone and concentrat ions o f  ~-tocopherol  up to 846 pg/g  and o f  ~,-toco- 
pherolquinone up to 555 pg/g  have been r e p o r t e d )  

F r o m  Table 2 it can be seen that  ~-tocopherol  and ~-tocopherolquinone can easily be 
separated f rom one another  using silica gel-GF-CHC13 TLC.  Ubichromanol-3  does not  
interfere with ~-tocopherol  separation in this system. By the use o f  Nujol- impregnated 
kieselguhr plates (KiG) one can separate ubichromenol-9,  ubichromenol-3,  ~-tocopherol,  
&tocopherol ,  and y- tocopherol  f rom one another ,  but  ubiquinone-10 interferes with 8- 

tocopherol .  
I t  appears that  none o f  the algae investigated are as rich a source o f  , , - tocopherol or  

~- tocopherolquinone as is E. gracilis. However,  variation o f  growth condit ions was no t  

at tempted.  

E X P E R I M E N T A L  

The six macroscopic marine algae (10-15, Table 1; Hopkins Marine Station) were ground in a Hobart 
grinder with a No. 10 dye, lyophilized and extracted for a 24 hr period at room temperature with excess 25 per 
cent methanol in light petroleum (30-60°). Torula and Chlorella were obtained in dry form, while the remain- 
ing samples required lyophilization before similar extraction. 

The algae content of brine water was removed by the use of a Sharpies centrifuge. Organisms centrifuged 
from brine water with salinity of 74 per cent (A) are Stichococcus and Dunaliella while Stichococcus alone 
predominates in brine with salinity of 36 per cent (13). 11 Salinity is expressed as total salts in g per kg of solu- 
tion. 

The concentrated extracts either underwent saponification 7 or column chromatography followed by 
TLC, examination by u.v. and subsequent reduction by NaBH4 (~-tocopherolquinone) and analysis by the 
Tsen-modified12 Emmerie-Engel method 13 for ,,-tocopberol. The column chromatography was carried out 
by placing extracts dissolved in light petroleum (30-60 °) on silicic acid (usually 50 g/g of extract; Gallard- 
Schlesinger, 90-200 mesh) columns packed in light petroleum and eluting with 0, 2, 4, 6, 10, 20, 30, 100 per 
cent diethyl ether in light petroleum; each fraction being 10 ml/g silicic acid. ~-Tocopherol was found to 
predominate in the 4 per cent ether-light petroleum fraction with some in the 6 per cent fraction, while =-toco- 
pberolquinone predominated in the 20 and 30 per cent fraction. 

Thin-layer adsorptive and reversed-phase partition chromatography were used to further characterize 
those fractions ofinterest. Benzene(1 ml) was added to each fraction after evaporation to dryness and aliquots 
(10-20 pl) were spotted along with standard ~-tocopberol and ,,-tocopherolquinone on silica gel GF thin- 
layer plates. Development was with CHCI~ and spots were detected with 10 per cent phosphomolybdic acid in 
ethanol. Tocopherols and other strongly reducing substances were blue. Heating the plate brought out other 
less easily oxidizable materials. 

Tocopherol fractions were chromatngraphed on silica gel GF (1 ram) plates and the appropriate area 
removed and extracted. The extracts were further separated on Nujol-impregnated Kieselguhr thin-layer 
plates and eluted with 90 per cent acetone in water. This system is known to separate tocopherols from 

9 A. T. DIPLOCK, J. GREEN, E. E. EDWn~ and J. BUNYAt~, Nature 189, 749 (1961). 
10 j. ST~WNSON, P. J. HAVWAnD, F. W. I-Ie~vnNo and R. A. MORTON, Nature 196, 1291 (1962). 
11 L. H. C A R P ~ ,  Hydrobiology of  the Alviso Salt Ponds (doctorate thesis), Stanford University (1953). 
12 C. C. TSEN, Analyt. Chem. 33 (7), 849 (1961). 
13 A. ~ and C. ENG,,  Nature 142, 873 (1938). 
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tecotrienols.l* U.v. absorption spectra in ethanol were obtained and quantitative measurement was as 
previously des~-ribed.7 

Preparative silica gel GF using 1:4 diethyl ether/CHCl3 or CHCls was sutr~ient to separate ~-tocopberol- 
quinone in pure form. Using the phmphomolybdic acid spray on a silica gel GF plate, the limits of detection 
for ~-tocopherol were 0.5/tg before heatins. For ~,-tocopherolquinone, after heatin& 0"1 p.g was detectable. 
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