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PREFACE.

The purpose of this work has been primarily to gather data and some
necessary facts which could be bronght to converge for an sttack on the
problems of photosynthesia. Experiments which have been in progress in
the Desert Laboratory at Tucson for several years have indicated clearly
that prerequisite to a rational discussion of the problems concerning the
manner in which sugars are formed in the shlorophyllous leaf is & clearer
understanding of the conditions governing the equilibria and mutnal trans-
formations of the various groupe of carboliydrates in the leaf, as well as of
the fate of these substances in the general metaboliam. The complex and
manifold character of the phenomenon of phoiosynthesis hes, it would
ssem, not been very generally realized by workers in this field. The avenue
of approach which appesrs most promising, at this stage st lesst, is that
which emnploys chemical methods and conceptions. However, in following
this line of stisck, the dangers of reasoning from knowledge gained purely
from in vitro investigations ean hardly be overemphasized. Furthermore,
consistent and valid results with living materiaf can be gained enly by the
most careful conirel of conditions, such ss temperature, water relations,
light, and the previous history of the plant. 'While it is, of conrse, highly
desirabla to know the behavior of plants in the field and to develop methoda
for gaining such knowledpe, it seems to the writer that a reslization of this
ideal can be hoped for only after the more fundamental principles of the
phenomenon have been learned. In the study of photosyathesis it is im-
possible to segregats entirely the activity of sugar aynthesis from that of
the further metabolic transformationa and from the catabolic processes
which yield energy to the living organism, glycolysis. This latter phe-
nomenon has received attention from many sides, and the application of the
chemical point of view to the manner of sugar disintegration and rearrange-
ment seems most promising as an aid to o clearer nnderstanding of the
nature and mode of the suger break-down in the living cell.

This paper comprises the results of investigations carried out during
1916-1918. The work consisted largely of the analysis of planis which had
been subjected to various experimentsl eonditions. Of the large number of
analyses made, only those are discussed here which are pertinent to the
immediate subject. It is a pleasure to acknowledge here the assistance
rendered in this work by Dr. J, M. MeGee and Mr. B. A. Burt.

Desrar LABORATORY,
Tuceon, Arisonag, December 1018,
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6 THE CARBOHYDEATE ECONOMY OF CACTI.

Tt seems highly improbable that the life processes consist of any one
seriea of chemical changes or are dependent upon any particular molecule
or chemical group. But rather the simpler life processes entailing energy
changes may perhaps be regarded ss a complex of interrelated chemical

taking place in a certain medium or substratum. This medium,
colloidal dispersion, mixture, or aggregate of various subatances ia the seat
or substratum in which the various chemical reactions take place, the nature
and course of which are determined by the complex of properties associated
with water control, surface phencmena, and of course catalysta (such as
inorganic szlts and enzymes). These eolloids do not enter into or support
the chemical reactions or do so probably only in 2 rather indirect manner,
earving primarily as a physical medium. Such a system would b of &
hatarogeneous nature and, of course, of the most complex type, and capable
of various adsorption phenomena productive of localized action which would
influence the function s well as the strecture of the system. In fact, such
& hypothesis would demand that the substratum be relatively stable, that the
oolloidal material once formed dces not break down as readily as the other
substances, or only after the supply of these has been exheusied. Thie does
not mean actonl or chemical stability, but rather relative to the other sub-
stancos under the existing physiological conditions, as, for instance, rela-
tively slightly dissociated by salts or other catalysts and resistant to the
action of enzymes.

Thia colloidal material may slso in part be composed of substances which
do not undergo complets disintagration and thus are not exereted from the
cell. The proteine in moet plants, due to the high synthetic power charae-
teristic of platts, are rarely so drastically affected thet they are not again
reconstituted ; these substances are thus relatively stable in the sense that
under normal conditions they do not disappear in the course of metaboliam.
The cell substratum or protoplaam skould then be regarded as a complex of
substances of relative stability in which the more senasitive substances break
dowm with the liberation of energy, the formation of produots of catabolism,
and the gynthesis of other more complex mibstances in varying amounta,
It is, then, the combination of the intricate chemical reactions taking placs
in this heterogeneons colloidal system that constituies the principle of
enargy change of living processes. While the chemical reactions are influ-
enced by the nature of the medium, the lztter is also & product of the
chemical processes.

The conception of protoplasm #s & tremendously complex “ living ” pro-
tein molecule aross hefore any considersble chemical knowledge of this
group of substances had been guined. Through the extensive researches of
Fischer, Eossel, Abderhalden, and many others it hea become apparemt
that the conception of such an enormous complexity and sensitiveness of the
proteins was rather unwarranted, Furthermore, the theory that proteins,
carbohydrates, and fata are synthesized into elaborate complex substances
befors they break down and yield energy was necessitated by the prevalent
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idea of the relative stability of these subetances in simpls solution. It ia
now becoming more evident that under conditions such as exist in an
organism (3. ., in the presence of various catalysts such as inorganic salts,
enzyme, acide, snd alkalies), the molecules of proteins, fats, and eepecially
carbohydrates break apart almost spontanscusly, From a vast amount of
phyniological evidence now at hand, it appears that the energy of an
organitm is derived chiefly from the break-down of the material ingeated
as food. When the supply of nutritive material is insufficient the nature
of the respiration changes and then, in all probability, the more stable
substratum is drawn upon. This becomes evident in the cacti as well as in
many other plants.

Kosinsld* has shown that when Aspergiiius niger i grown on pure water,
the carben dioxid given off falls rapidiy to s value about one-quarter of
that when grown on sugar. During this time the organiem is probably
drawing on the more stable protoplaemic substances, When sugar is mads
available, the earbon dioxid rises immediately, indicating the direct utiliza-
tion of that substance.

The colloidal msaterials found in plants sre in general relstively chemi-
cally stable substances, although their exact chemical nature and mode of
formation a8 yet have not been definitely established. It now seems prob-
able that in & sense they represent bhy-products or end-products of the
metabolio process, The nature of this materizl undoubtedly varies in
diferent plants, especially in regard to the proportion of carbohydrate and
protainaceons substancea, This in indicated in the study of the behavior
of the collaids of various plants, Extensive comparative investigations with
different vegetable tissues, prepared ‘ biocolloids,” and especially with the
cacti, have indicated that these plants behave like masses of gels composed
largely of colloidal carbohydrates.”

In the present investigation an effort has been made to delermine the
nature of the carbohydrates of the cacti and to study the transformations
which thess undergo nnder various conditions. In the conception of the
ecolloidal nature of protoplasm briefly ontlined, it has been stated that this
is of necessity a relatively stable system and that the colloidal material is
itself & product of metabolism. Ome of the most striking and interesting
features of these plants is the presence of large quantitiea of pentogans and
mmeilaginous material. In the cacti it has been found that water imbibition,
swelling, and growth are intimately related to the presence of pentoss
polysaocharides. The pentosans have been found as components in verying
'm:, l nu Atmung bel Fungerzmgtinden uwnod nnter Hinwirkung von

nd chemisch Raimnimtn bel Arpergitiue niger. Jahrb.
N‘l.. Bﬂl... 87, 137-204, 18985.
"MacDovaar, D. n.nd. H. A. Brogas. The bebavior of sertaln gels useful In the
Intarwuut.lml of the action of plants. Beience, n. 8., 45, 484488, 1917,

—, e—memee,  Growth and lmbibiticn. FProc. Amer. Phil. Soc., 44, 289, 1917,
MacDovair, D. T. Imblibiticnal swelling of planta and colloidal mixtures. Sclence,
#.

44, 502-505, 191
m{k—% 19111;. imbibitional swalling of marine mlge. The Plant World, 81,




