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T H E  APPLICATION O F  ISOTOPES T O  T H E  STUDY O F   
INTERMEDIARY METABOLISM1  
By RUDOLF SCHOENHEIMER and D. RITTENBERG 

DEPARTMENT OF BIOLOGICAL CHEMISTRY, COLUMBIA UNIVERSITY 

THE number of organic compounds involved siniul- 
taneously in the multitude of diverse chemical reac-
tions in  the living organism is exceedingly large. 
Substances are continually being degraded, while their 
split products are linked together again to  form new 
compo'unds, and all these rea.ctibns and their reaction 
products are held in equilibrium so that the com-
position of the cell and the organism stays constantly 
within narrow limits. 

By adding to this complicated system an excess of 
one of the components, i t  is in many cases possible 
to  follow its conversions, provided one has some gen- 
eral idea as to  its fate. Herein lies the principle of 
the classical balance experiments. I n  order to  deter- 

1 This article contains the material presented in two 
papers at  the meeting of the American Chemical Society 
at  Rochester, N. Y., September, 1937. 

mine the fate  of one of the constituents of the organ- 
ism, the substance is given in large quantities and 
the tissues or excreta are  investigated for  the pres- 
ence of related compounds in  abnormal amounts. 
This method has proved to be extremely valuable, and 
most of our knowledge of intermediary metabolism 
is based on experimentation of this kind. Unfortu-
nately this method has theoretical limitations. Many 
body constituents, especially the more active ones, are  
never produced in excess of the animal's requirements, 
even if the building material is available in  large quan- 
tities. Another obstacle which sometimes makes the 
interpretation of such balance studies extremely diffi- 
cult is the known fact that one substance rnay induce 
the formation of others without itself being involved 
in the synthesis. Thus, fo r  instance, insulin inddces 
glycogen formation, and f a t  induces an increased for- 
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slides over the barrel of the microscope and holds the 
cell flat against the ocular lens or the end of the lens 
barrel if the ocular lens is not used. All the light 
passing through the optical system of the micro-
scope is intercepted by the cell. The camera speed is 
adjusted to fit the light intensity, or the light intensity 
is regulated by rheostat or diaphragm to conform with 
a desired film velocity. The cell is then removed and 
the camera lowered into place and the apparatus is 
ready for  use. 

The unit is subject to the same limitations as  the 
usual exposure meter. The deflection represents the 
average of all the light intensities present and is satis- 
factory when calibrated for  the kind of work in ques- 
tion by photographic test. 

The use of a photoelectric device for  the measure- 
ment of light values in  photography is well estab-
lished. The principles have been adapted to cinepho- 
tomicrography in the unit above described. The total 
cost of such a unit is less than $30.00 and soon pays 
for  itself in the saving of film and time. 

FRANCISW. BISHOP 
' DIVISIONOF RADIOLOGY, 

DEPARTMENTOF MEDICINE, 
SCHOOL AND DENTISTRYOX MEDICINE  

AND STRONGMEMORIAL HOSPITAL, 
UNIVERSITYOF ROCHESTER 

LONGEVITY OF PLANT CELLS IN  
TISSUE CULTURES  

THAT certain cells in plants may live for  long periods 
is well known, and Bailey1 has shown that the cells in 
a section of cambium mounted in Iactose or in liquid 
petrolatum may continue active cyclosis for  weeks. I n  
the course of recent work I have observed numerous 
examples of a surprising length of survival of plant 
tissues. Various parts of flowers were detached and 
placed in sterile culture on nutrient agar. Some of 
these parts have undergone no regeneration and have 
shown no significant growth but have lived many times 
as long as similar structures on normal plants. Exam-
ples of this are s h o r n  in the following Table 1. 

TABLE 1 
LENGTHOF PLANT I NLIVEOF STRUCTURESCULTURE 

Time of survivalSpecies Structure in days 

Tuliga Gesneriana P$al 206 
Jasminium fruiicosa 186

Ovary 236 
Er~throninm americanum Ovule 273 
Freesia refracta Sepal 190 
Reinzuardtia indica P p l  255 
Caltha palz~stris 255 
Calendnla oflcinalis Corolla 277 
Bcirgus americanus Section of culm 191 
Trades~antia pal~dosa Petal 365

Sepal 365
Stamen 365 

1 I. W. Bailey, Zeitschr. Zellforsch,, 10 : 651-682, 1930. 

Most of the structures listed in Table 1were still 
vital a t  the end of the recorded period and might have 
lived longer. 

The cells of Tradescant ia  paludosa were most re-
markable. The petals and sepals of this plant are 
ephemeral and usually live only a day or two after 
flowering, but in culture they remained alive for  an 
entire year. Cells of these petals and of stamen hairs 
were plasmolyzed with a sucrose solution. When the 
sucrose solution was replaced by mater many of the 
cells recovered promptly, although others did not. 
Active cyclosis was not seen in any of the cells. Pieces 
of Tradescantia petal 0.5 mm x 1mm were still alive. 

The cultures were made in 4ounce bottles with bake- 
lite caps which were tightly closed. It is doubtful 
whether reduced respiration resulted because the 
amount of inclosed air has been shown to be sufficient 
f o r  growth and regeneration of masses of tissue much 
larger than any of these. 

CARLD. LARUE 
DEPARTMENTOF BOTANY  

UNIVERSITY OF MICHIGAN 
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