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TABLE I 
SiO,

HEATOF WETTING, ADSORPTION A1,0, f Fe,O, RATIO OF COLLOIDAL ISOLATEDDIFFER-AMMONIA AND 	 MATERIALS FROM 

ENT 

Molecular
Source of ratio Heat ofwettingcolloidal SiO, per gram ~--material A1,0, t Fe,O, of colloid 

Calories 

Cecil subsoil ....:....................... 4.5 

Cecil soil 6.2 

Chester soil ............................... 7.2 

Norfolk subsoil .......................... 6.0 

Huntington soil ........................ 8.3 

Sassafras subsoil ..................... 9.8 

Hagerstown subsoil ............... 7.9 

Susquehaona subsoil ............ 5.3 

Miami subsoil ............................ 11.8 

Marshall soil ............................... 14.2 

Stockton soil ................................ 16.3 

Wabash soil ............................... ..... 17.6 

Sharkey soil ................................. 16.3 


some marked exceptions. In  the case of the Sus-
quehanna subsoil colloid there is poor agreement be- 
tween the heat of wetting and the silica ratio, al-
though the agreement between heat of wetting and 
ammonia adsorption is very good. A correlation of 
the silica ratio with the heat of wetting or adsorption 
would not be expected to hold for colloids from peat 
soils, which are composed chiefly of organic matter 
and contain comparatively little silica, alumina and 
iron. Furthermore, colloids exceptionally low in 
silica and high in alumina and iron may as a class 
be exceptions to this correlation. For instance, a 
colloid containing only 15 per cent. of silica with a 

--SiO, ratio of 0.55 has recently been isolated 
A1,0, + Fe,O, 
from a deep tropical subsoil. The heat of wetting 
of this sample is 8 calories, or approximately the 
magnitude usually given by colloids having a silica 
ratio of about 1.9. 

SiO, 
ratio is not the only expres- 

The Al,O. t Fe,O, 
sion of chemical composition that shows a parallelism 
to the properties of the colloid. I t  was pointed out 
in a recent bulletin of this Bureau5 that the colloids 
high in silica were usually low in alumina, high in 
monovalent and divalent bases and low in combined 
water. A fairly good correlation obtained between 

Si02 SiO,
the ratio, - and the ratio 

A1,0, t Fe,O,' CaO + Na,O 
for a series of soils. -1i view of these relationships, 
it follo~vs that other chemical constituents beside the 

6 Robinson, W. O., and Holmes, R. S., p. 16, 1. o. 

SOILS 

NH, adsorbed Relative values 
per gram SiO, Heat of NH, ad-
of colloid mtm wetting sorbed 

Grams 

0.0192 

0.0230 

0.0293 

0.0295 

0.0319 

0.0340 

0.0299 

0.0177 

0.0358 

0.0536 

0.0617 

0.0614 

0.0609 


silica ratio correlate with the properties of the col- 
loid. For  instance, some properties appear to be 
closely related to the percentage of calcium or to the 
total exchangeable monovalent and divalent bases. 
Joseph and Hancock6 have suggested that the proper- 
ties of colloids from soils and clays probably bear 

general relationship to the Sio2 ratio, the more a 	 ---
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plastic clays having the higher ratios. 
A knowledge of the interrelationships of the prop- 

erties of soil colloids and of the correlation between 
chemical composition and properties is of practical 
value in supplying a basis for  predicting the general 
behavior of the colloids without extensive physical 
tests or complete chemical analyses. Similar rela- 
tionships between properties and chemical composi- 
tion doubtless obtain for the colloidal materials of 
ceramic clays and the recognition of these relations 
should be important in the ceramic industries. 
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CONTINUOUS REPRODUCTION O F  MICRO- 
ORGANISMS I N  SYNTHETIC MEDIA 

THE controversies and work of Pasteur, von Liebig, 
Mayer and Nageli suggest that yeast may fail of 

6 Joseph, H. F., and Hancock, J. S., "The composition 
and properties of clay," Trans. Chem. Soc. 125: 1888- 
1895 (1924). 
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continuous cultivation in media affording a n  onIy 
source of nitrogen i n  ammonium salts. Growth and 
reproduction in a medium ~vholly synthetic has been 
generally considered impossible. Vitamine B or sub- 
stances of the nature of "hios" are held necessary by 
various investigators for the continuous growth and 
reproduction of Sacchurorn~yces cerevisiae. 

Pulmer, Xelson and coworkers1$ 2$  " have reported 
continuous growth and reproduction in their me-
dinm E, composed of inorganic salts and cane 
sugar, and that yeast was snbcultured when a syn-
thetic product, methose, was substituted for  cane 
sugar. Relatively large inoculations were used and 
single cell cultivation was not attempted. MacDonald 
and. h4cCollum" question the dependence of yeast 
on vitamine B or substances of the nature of '(bias." 

i n  recent articles Robertson and DavisQncl Roh-
e r t s o n ~ o n c l u c l e  that yeast is incapable of syn-
thesizing its om11 growth-stimulating substance or sub- 
stailces in their media, and that yeast cells to a large 
extent possess the poT,xer of "taking over" these essen- 
tial food substances, and that grovth i n  sj-nthetic 
media is r o ~ ~ g h l y  proportional to the number of cells 
used for  the original inoculation. They failed to ob- 
tain reprodnction beyond the 12th or  15th generation 
(transfer).  J?Tilla~.nan and OlsellS stress the possl- 
bility of retention l?y the sugar of ~ulanalyzable 
traces of "bios." Rilliams%aintains that vitamine 
B is necessary for  the continuous growth of p a s t .  

We have eniployed thc. inedi~un E base of Fulmer 
and Nelson, Robertson and Davis medium and Nageli 
solution. Special emphasis was laid on the purity of 
the chemicals and cleanliness of the glassware and 
precautions taken to destroy any vitaniine E that 
might be adsorbed. F o r  energy sources we have em- 
ployed synthetic n~ethose and succinic acid and also 
distilled glycerol (280' C.) and 7-day hot 03 per 
cent. alcohol continuously extracted dextrose. Me-
those, first by Tias preparedsynthesized L o e ~ v , ~ ~  
from formaldehyde l?y the catalytic action of lead, 
&IgO ant1 MgXO, using C 0 2  and l<,11PO4 lo pre- 
cipitate the salts. 

Single cell cultiration was carried out it1 the follo\v- 
ing manner: Direct nricroscopic esaminatiou was 
made of n n t ~ i e n t  silicic acid gel plates smeared with a 
culture that Elad grown in the liquid synthetic medium 

1 doll?. Am. Cliem. S'oc., 1921, 45,p. 186. 
2 Jozi?'. niol. Che~n. ,1922, 51, p. 77. 
3 JOZLT.I n f e c t .  Dis., 1923, 33, p. 130. 
4 JOUT. Biol. Chcm., 1923, 57, p. 397. 
5 Jotcr. Biol. Chcrn., 1921, 46,  p. 77. 
6 Jour. I n f e c t .  Dis.,1923, 38, p. 153. 
7 JOUI. Illfect. Dis., 1924, 35, p. 311. 

Jonr. Biol. Ghem., 1923, 56, p. 815. 
9 Jour. I n f e c t .  Dis., 1919, 38, p. 465. 
10 Bey. C h e n ~ .Ges., 1889, ,0,0, p. 470. 

f o r  several -rveelis; single cells were rna&eil, and after 
gro~vtll, transfers mere made into the liqnid medium* 
Since then cultures have beell transferred on the aver- 
age every 2 o r  3 days for  longer thau :', months. The 
us? of Nnqeli solatian was a'i~andoned in favor of 
medium E. fiobertson and Da\is  rneclinm in our 
hands lias not afforded eontimioas rrprodnrlion of 
our cultarcs of Sncchuromyces cerer~isiucmllcl~useu 
at  30" C. 

AIediurn E b a ~ e  at  30' C. "loanit succinic acid, 
methose, glycerol o r  dextrose have afforded continuous 
growth and reproduction of the following pure cul- 
tures : 1 4  laces of Sacchnro??zzj~esce, ezjzsiur, l Porz~la 
rosen, I iror?cia liqztefacle~zs, 1 Ooiporn lnctis, 1 Sac-
clzarornyces ellq)soic7eus. Two cultures of cerevisiae 
failed to adapt thcmscl\cs and w e ~ elost. Aeration 
greatly assisted liquid eulturi~ig. Reretofore re-
sults, app:irentlj, have depended upon the use of 1 
race of Saeclztcromyces celezjiszae, or 1 species of 
yeast giving rise lo i l~sc iepa~~cies  and to results not 
applicable to gcnc~alization. 

The same four energy soultes in  a ba5e of K211P0, 
2 gm, ; \ lkSOk 0.1 m l ,  k7e_Ci, trace. (SII,), SO, 2gm 
(omitted in  gl on t h  of nitrogen-fixing bacteria), CaC1, 
0.1 gm and \latar 1 liter, have been employed in a 
study of' iracterial ~ i t a n ~ i n e  The fol- reynileinents. 
lowing oi*ganisrr~s, subcultured by using an inoculunr 
equivalent to the amount of a straight ncedlc transfer 
from licluitl medium, have been continuously cnltured 
in this liquid niedinm base, utilizi~ig at  least three of 
the four energy sources: Escke~ ich ia  coli, Aerobacter 

Encnpsu7atus p f e i f e i i ,  Psez~domo?zus cyu?zogv?zu, 
Bncil lz~s ?negntherizcn?, Bncil lz~s mycoides, Uacillus 
subtilis, Rcrratut naclrcescens, Azolobncter chroococ-

The essential prcsence of vitamine 13 or substances 
of the nature of "bios" in the medinm for  growth and 
reprodnction of certain yeasts and bacteria, notably 
Azo tobac to  chi,oococcu?n, lias not manifested itself in 
our work unless sach subslance o r  subitances were 
synthesi7cd duri3g tlie synthesis of methose and sue- 
cinic a c d ,  two entirely different piocesses; and failed 
to be extracted from the dextrose aild clid distil over 
with the glycerol. I t  appears reasonable to conclude 
in tlie light o t  our present i r ~ ~ o \ ~ l e d g e  certainthat 
yeasts, torulae and bacteria may I)e cont inuo~i~ly ~ 1 ~ 1 -
tured in a mediu~r~  wholly synthetic and that 1x0 addi-
tion of vitanline E or  srtbstanees of +he n:ik.ire of 
"bios" is necessary. I f  such substances are necessary 
for  the growth and reproduction of these organisms, 
they are nretabolized. 
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