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The absence of U P P G A  in the Type I pneumococcus  suggests t ha t  the uridine pyrophospho-  
galacturonic acid is derived f rom UPPGal  by  a mechanism similar to t ha t  recorded 9 for the con- 
version of U P P G  to UPPGA,  and not  by  a Waldenase type  of enzyme act ing on UPPGA.  

Biochemistry and Bacteriology Departments, University o/Glasgow, 
Glasgow (Scotland) 

EVELYN E. B. SMITH* 
GEORGE T. MILLS 
ELIZABETH M. HARPER 

1 E. E. B. SMITH, G. T. MILLS AND E. M. HARPER, J. Gen. ~Iicrobiol., 16 (1957) 426. 
2 A. C. PALADINI AND L. F. LELOIR, Biochem..[., 51 (1952) 426. 
3 E. E. B. SMITH AND G. T. MILLS, Biochim. Biophys. Acta, 13 (1954) 587 • 
¢ R. CONSDEN AND W. M. STANIER, Nature, 169 (1952) 783 . 
5 S. M. PARTRIDGE, Nature, 164 (1949) 443. 
6 S. ~V. F. HANSON, G. T. MILLS AND R. T. W'ILLIAMS, Biochem. J.,  38 (1944) 274. 
7 j .  PAUL, Ph.D. Thesis, Universi ty  of Glasgow, 1952. 
8 E. E. 13. SMITH AND G. T. MILLS, Biochim. Biophys. Acta, 13 (1954) 386. 
9 j .  L. STROMINGER, H. M. KALCKAR, J. AXELROD AND E. S. MAXWELL, J. Am. Chem. Soc., 76 

(1954) 6411. 
Received December I7th,  1956 

* ]3eit Memorial Research Fellow. 

A lipid present in yeast with certain properties similar to 
those of tocopherol 

The unsaponifiable fractions of the lipids present  in Fleischmann Yeast  5oB and Torula yeasts  
(i N and 3 N from Lake States Yeast  Corporation,  Rhinelander,  Wisc.) have been shown to contain 
a subs tance  which gives the Emmerie-Engel  test.  Moreover it behaves similarly to the tocopherols  
when chromatographed  on ZnCO3-coated filter paper  according to the method of GREEN et al. 1, 
and has been shown to protect  the erythrocytes  of v i tamin  E-depleted ra ts  from haemolysis  
in vitro in the tes t  described by  CHRISTENSEN et al.L 

Two methods  were used to isolate the unsaponifiable ma t t e r  from the yeast :  
(I) The yeas t  was heated under  reflux (in presence of pyrogallol  and in an a tmosphere  

of N2) with methanolic  K O H  until  a t tack  appeared complete (1-2 h). The mixture  was then  
diluted with water  and extracted with ether. Under  these conditions, part icularly with Fle ischmann 
yeast,  a lipid material  sparingly soluble in benzene was produced. 

(2) The yeast  was extracted in the Soxhlet  appa ra tus  for 24 h with absolute e thanol  con- 
taining 2 % (w/v) dry HC1 and 2 % (w/v) ascorbic acid, the ethanol ext rac t  being then  diluted 
with an equal vol. of water  and extracted with pet ro leum ether. The lipid f rom an al iquot of 
the pet roleum ether  was saponified wi th  ethanolic alkali in presence of pyrogallol and the un- 
saponifiable ma t t e r  extracted wi th  ethel*. This method yielded 5-6 % of total  lipid, but  in the 
case of Fle ischmann yeast  the unsaponifiable mat te r  was considerably less than  tha t  obtained 
by  the first method.  No sat isfactory method has been found for fract ionat ing the unsaponifiable 
mat ter .  Direct ch romatography  on ZnCO3-coated filter paper  gave a diffuse band  of reducing 
material,  and p re t rea tment  with Filtrol earth resulted in some adsorpt ion of this reducing material .  

The method of GREEN et al. for ch roma tog raphy  of tocopherols was modi fed  by  the use of 
benzene as developing solvent, since cyclohexane was found to be unsat isfactory with the zinc 
carbonate  obtainable here. Development  with this solvent for one hour  gave the following R F 
values for the tocopherols:  a o.74; 7 0.58; b 0.36. A reducing subs tance  present  in the yeasts  
had a mean RF value of o.5o, a l though this varied somewha t  depending on the pur i ty  of the 
spot t ing solution. The band was ra ther  diffuse, bu t  was always distinguishable from the clear-cut 
bands given by  added fl- or 6-tocopherols. Fle ischmann yeast  contained a substance of reducing 
power equivalent  to 50/*g a-tocopherol/g yeast.  Torula yeas t  contained more than  six t imes this 
amount .  Some reducing material  also remained on the origin of the chromatogram.  

The material  obtained by  alkaline hydrolysis  of the  yeast  was purified by  freezing out  
sterols and b y  passing the superna tan t ,  in benzene solution, th rough  a column of Filtrol ear th  
purified by t r ea tmen t  with hydrochloric acid and s tannous  chloride 3. Some of the reducing 
material  was adsorbed to give a purple band.  Chromatography  on paper  of the  purified material  
resulted in t he  recovery of less than  5 ° % of the tota l  reducing ma t t e r  present  in the ethanolic 
spot t ing solution. When  stored at  5 ° C this ethanolic solution showed no loss of reducing power, 
bu t  when diluted with benzene A.R. qual i ty (Merck) the total  reducing power  fell by  more  than  
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5 ° % in the course of a few days, giving a value equal to tha t  obtained by paper  chromatography  
with benzene as developing solvent. The cause of this was not  determined, a l though on some 
chromatograms  a reducing band of R F value approximate ly  o.64 was obtained, suggesting mole- 
cular rear rangement  or part ial  oxidation as possible causes. 

Molecular distillation of the unsaponifiable material  at  IOO ° C for I hour  showed tha t  less 
than  i ~/ of the reducing material  passed into the distillate, whereas added a-tocopherol could 
be recovered quanti ta t ively.  

Wi th  the ferric chloride-aa'-dipyridyl reagents in the concentrat ions  used by GREEN et al. 1, 
a s teady spec t rophotometer  reading was obtained after 2 minutes  with purified samples. The 
compound gave no colour with the diazotised di-o-anisidine-sodium carbonate  reagent.  

Purified solutions of the compound were chromatographed  on paper  and the reducing zone 
cut  out  and eluted with ethanol. The substance obtained in this way  showed an ant i -haemolyt ic  
act ivi ty comparable  with tha t  of an am oun t  of a-tocopherol  of equivalent  reducing power  when 
tested on the erythrocytes  from vi tamin E-depleted rats  by  the method of CHRISTENSEN el al3 
(incubation at 42 ° C in physiological saline wi thout  the addition of dialuric acid). This t empera ture  
was chosen to give a convenient  rate of haemolysis  (Fig. 1). This agrees with the finding of GY6RaY 
AND ROSE 4 tha t  addition of ) 'east to the diet of E-avi taminot ic  rats  lowers the susceptibil i ty 
of their  erythrocytes  to haemolysis.  

The na ture  of this compound occurring in yeast  has not  been determined, bu t  is of interest  
owing to the striking similarity of some of its chemical and biological properties to those of the 
tocopherols.  

H e m o l y s i s  o t  b l o o d  i n  ma%lne w i t h  t h e  add4.tlGl~m i .ndtc&ted 

Y:ms v i t s = l . n  It d e f i c i e n t  :A~B T l t 4 J d n  E ~ :  

~eo en + 
Tween + ~meen + ext~&o~ 

~ween 5 ~r d - e -  ez t :~ ta t  ~'%-ou 'l'z,e4,n none 
toeo~he-  ~ o m  F l e l ~ c h -  
r o l  ~toz",~& arena 

~ e a s t  Y e s f t  
t 

mu mmm mmm mmn mm n| 

[llJ[ Rill !jl i t  i l  
Fig. i. The tubes on the left were prepared by  incubating erythrocytes  from a vi tamin E-deficient 
rat  for 3 ° min at  37°C with the substances shown, followed by centrifuging, resuspending in 
saline and mainta in ing at  42o C for 2.5 h. 5 /*g a-tocopherol and equivalent  amounts  of the reducing 
substance from the yeasts  were suspended in o.25 ml saline by  means of 2o / lg  Tween 8o. The 
tubes  on the  r ight  were similarly prepared from the erythrocytes  from a vi tamin E-supplemented 
rat. No haemolysis occurred with tocopherol or with the compounds  from yeast, whereas wi thout  
such protect ion complete haemolysis  occurred. A similar exper iment  using i pg  of tocopherol 

and equivalent  quanti t ies  of the compounds  showed part ial  protection against  haemolysis.  
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