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An Effect of Yeast Extract on the 
Growth of ChIarella 

Chlorella vulgaris (Pearsall's strain) grows well on 
glucose in darkness1 • Recently, in this laboratory, 
we tried to grow this alga on glucose in darkness in 
an atmosphere free fi.·om carbon dioxide. The attempt 
was unsuccessful; presumably carbon dioxide fixa­
tion is essential in at least one of the reactions 
necessary for growth. Since it has been reported 
that the requirement for carbon dioxide by Neisse1'ia 
gonorrhoeae can be replaced by a supplement of 
yeast extract 2

, the effect of adding yeast extract to 
the Chiorella cultures was investigated. 

Pure cultures of Chlorella were grown in 50-mI. 
Erlenmeyer flasks in a mineral salts medium3 con­
taining 0·5 per cent glucose and 'Difco Bacto' yeast 
extract in the r equired concentration. The flasks 
contained a centre well, in which sodium hydroxide 
and filter paper were placed to remove carbon dioxide, 
and were closed by vaccine stoppers. The cultures 
were shaken at 25° C. in darkness. Growth was 
estimated by counting the cells four days after 
inoculation; it was expressed as a percentage of the 
growth in the cultures with glucose, no yeast extract 
and an atmosphere of air. 

It was found that the addition of yeast extract 
did, in fact, allow some growth in a carbon dioxide­
free atmosphere (Fig. 1); but the more striking 
effect of yeast extract was the inhibition of growth 
in an atmosphere of air. The growth of Chlorella 
on glucose in darkness, in air, was reduced by one­
half by yeast extract in a final concentration of only 
0·01 per cent. The inhibition was just as pronounced 
when the yeast extract was sterilized by Seitz filter 
and added to the autoclaved medium. The con­
stituent of the yeast extract which inhibits growth 
is unknown. Organic acids inhibit the growth of 
Chlorella by combining with iron'. The possibility 
that a constituent of yeast extract acted in this way 
was tested by adding additional iron to the medium, 
but it had no effect on the inhibition. 

It is of interest tha.t a related, but colourless, alga, 
Prototheca zopjii, requires t,hiamine for growthS and, 
in fact , grows well in the Chlorella mineral medium 
with the addition of 1 per cent glucose and 1 per cent 
yeast extract. Removal of carbon dioxide from the 
atmosphere has little effect on the growth of Proto-
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Fig. 1. The effect of yeast extract on the growth of O/U<Yfella 
vulgaris . All cultures contained 0'5 per cent glucose and were 
shaken in darkness . The earhon dioxide-free cultures contained 
sodium hydroxide In centre wells of the tlasks. Growth Is ex­
pressed as a pereentage of that in the tlask with glucose, no yeast 

extract and an atmosphere of air 

Table 1. GROWTH OF C/UMelw, AND Prototheca WITI{ AND WITHOUT 
CARBON DIOXIDE IN THE .~ TJlIOSPHERE 

ChlMella VUI(JaJ.:eJls/c.mm. ProtoUwca z:p-;-! 
(Pearsall's straill) (Beijerillck's strain) , 

! + CO, - CO, + CO, - CO, . 

\

- N-O-"-d-d-it-io-n--I--12-.-3Z- 0-1· 2,000 i' I 

(100%) (24%) I' I 1 per cent 4,176 3,430 12,400 12,501 

I yeast extract (34 %) I· (28%) (100 %) (101 %) I 
10-' Thiamine 20,760 3.135 10,310 11.500 

(168%) (25 % ) (83 % ) (93%) i 
I ----j- ----.---- _ ____ 1 
I Inoculum 863 (7%) 70 (0'6%) ! 

.1 

Ea<lb fta.k contained 10 ml. of ChloreUa mineral medium with 
1 per cent glucose added and the other additions indicated. After 
inoculation the flasks were shakcn in the dark at 25° C. in a Warburg 
tank. The carbon dioxide-free cultures conta.ined sodium hydroxide 
in centre wells. 

theca in this medium or when 10-5 1M thiamine is 
substituted for the yeast extract (,rable 1). This 
suggests either that Prototheca has a much lower 
carbon dioxide requirement for growt.h than Chlorella, 
or that thiamine can replace this requirement. How­
ever, the addition of 10-5 M thiamine to Chlorella 
cultures did not allow growth in a carbon dioxide-free 
atmosphere. 
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Isolation of I-Quinic Acid in Citrus 
Fruit 

THE organic acids in citrus juicE'"" are chiefly citric 
and malic, although tartaric and oxalic acids also 
have been reported in grapefruit! . In our laboratory, 
succinic acid was fOlmd in frozen mature oranges. 
W olP isola.ted citric, malic and an lUlidentified acid 
from citrus fruit. Sinclair and Eny' reported that 
in the peel malic acid predominates while citric and 
oxalic acids occur in smaller amounts. 

In a study of organic acids in citrus fruit, using the 
gradient elution technique on a 'Dowex-I' column, 
an unknown acid with an Rm •. lic of 0 ·56 was detected 
in both the peel and juice. This acid alone or with 
authentic quinic acid was eluted from the colunm in 
the same fractions as quinic acid, and gave a positive 
test wit,h the Cartwright and Roberts' reagent. The 
presence of l-quinic a.cid has been reported in apples~ 
and peaches·. 

The quinic acid was first isolated from 1,600 gm. 
of immature Valencia orange peel using an ion­
excha.nge resin, 'Dowex-l x 8', of 200-400 mesh 
packed in a 2·3 cm. x 25 em. column. The macerated 
peel was extracted three times with 60 per cent 
ethanol which was then evaporated under reduced 
pressure. The remaining aqueous solution was treat.ed 
with charcoal, filt.ered, and first passed through a 
column of 'Dowex-50' ion-exchange resin and then 
through a column of 'Dowex-l' in the acetate form. 
This column was washed with distilled water, and 
the acid was eluted according to the gradient elution 
method of Hulme and Wooltorton7 with a slight 
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