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between autonomous andaitiogenous (=paratomc) movements. In the autonomousmovements It is not possible to connect them causally with anyagent outside the plant, while in the pa'ratonic movements this



??? is the case. The autonomous movements are due to a mechanismthat is entirely determined by the structure of the plant; inplants showing paratonic movements, such a structure can reactonly with a preformed response to an agent outside the plant.In this latter case, where the agent causes a reaction-type,which is completely determined by the structure of the plant, onespeaks of a nastic movement. Besides these are those plants, ofwhich the structure is such, that the direction and the type ofmovement entirely is determined by the agent; this is the casewith the tropic movements. Whenever a movement is replicated consecutively in the samemanner, whether under the influence of an inducing (periodic)agent or not, one speaks of periodic movements; besides, ofcourse, theie are purely aperiodic movements. If one would like to

summarize the above mentioned pointsof view in one system of classification of plant movements, itwould be rather indifferent which distinction should be chosenfor the main division. A usual system is that which for instanceis reproduced in Meirion Thomas' quot;Plant Physiologyquot;; it is asfollows: Movements shown hy fixed members of fixed plants. 1.nbsp;Autonomous movements (movements induced by internalstimuli). a.nbsp;Growth movements. b.nbsp;Movements of variation. 2.nbsp;Paratonic movements (movements induced by externalstimuli). a.nbsp;Growth movements. i.nbsp;Tropic movements. ii.nbsp;Nastic movements. b.nbsp;Movements of variation. Hitherto the word nasty has been used for several kinds ofmovements of a divergent type, as for instance was the case withnyctinasty. For reasons of this kind I propose the

following classi-fication of the movements of members of plants, based on thearguments mentioned below, (see next page). Instead of movements of variation one may also speak ofquot;turgor reactionsquot;, as repeatedly has been done by severalauthors; this word, however, suggests that changes in turgor arenot concerned in the case of growth movements, and this cer-tainly does not hold true.



??? kindof movement themovementinduced by: H ^ s^ n directionof themovementdeterminedby: il growthor variation examples: endowmous internalagent CQÂ§ i ri plant growth nutation, rotati-on, growth itself }H 1ffl variation part of nyctinas-tic movements nastic externalagent plant q growth photonastythermonasty 1 variation seismonasty(Dionaea) tropic externalagent 1 a agent oamp; phototropism, geotropism, etc. When parts of plants show movements of variation these move-ments by the structure are restricted to a defined plane. ThisIS not the case in tropisms and perhaps this is the reason whytropisms are not allied with movements of variation. If an organliable to tropisms and to movements of variation both, isattected by an external agent, first a tropic (growth) reactionoccurs until the agent acts in the plane of the movements ofvariation. Â§ 2. The

nature of the movements of Phaseolus. The sleeping movements of Phaseolus, Canavalia and otherLeguminosae are movements of variation. Of course, the pulviniwhich exclusively are the moving organs, show their movementsof variation long before they are full-grown, but in that firstperiod the mechanism of these movements may be consideredsuperimposed upon the growth process. In Phaseolus two types of movements of variation are clearlyprominent: a.nbsp;Movements with short latency. b.nbsp;Movements with long latency. Bunning (1936) has made a similar distinction. He adds thatthe movements sub a. especially are sensitive to the light of



??? shelter wavelengths, the pulvini relaxing during the sinkingof the leaf, while those sub b. are sensitive to the red partof the spectrum, the pulvini remaining turgescent during themovement. The light-turgor-reactions (movements of variation) with ashort latency are called by Mar. Brauner (1933) quot;phototropicquot;,if the light falls in the plane of the movement, and quot;photo-nasticquot;, if the reaction is the result of a symmetrical lightstimulus. Both types of movements, sub a. and sub b., occur under theinfluence of light; these are nastic movements. Moreover, amechanism in the plant regulates the movements in constantdarkness; the convincing experiments of Kleinhoonte (1929)have shown that the plants continue their movements in con-stant darkness (see also the second half of this paragraph).Even if the movements in the dark should be regarded

as anafter-effect of the preceding light stimulus it carmot be over-looked, that the period of the dark movements is independent ofthe period of the light stimuli which regulated the movementbefore. Therefore the movements in constant darkness may becalled endonomous movements; the period of their rhythm isgiven by the structure of the plant. Often the term quot;autonomousquot; has been used to characterize thedark movements of Phaseolus and Canavalia. However, thiswoi d suggests metaphysics and further autonomy in the strictsense is inconceivable in plants. For these reasons I prefer the word quot;endonomousquot; to charact-erize the properties of this kind of movements. Probably in the plant there are many distinct kinds of pro-cesses that may lead to endonomous, rhythmic movements. Theperiods of such movements vary in different objects

from about1 minute to many hours. As examples of plants with very shortor short endonomous periods may be given: Desmodium gyrans, period ^ - 1 minute,Trifolium pratense, period l]/2 - 4 hours,Oxalis Acetosella, period % - 2 hours. Their periods are longer at low temperature and in aging(Kabsch 1861, Pfeffer 1875). Also in Phaseolus or Canavalia one may find such endonomous,short periodic movements. Examples may be found in Pfeffer(1915, p. 93, fig. 28B) and in Kleinhoonte (1929, fig. 37 andp. 67, fig. 33). These concern plants in which the long periodic



??? movements have been suppressed. One of the graphs of Klein-hoonte is reproduced in fig. 1. The endonomous periodic movements in the dark have causedthe great confusion in hterature and gave rise to the questionat issue: are the movements endonomous or are they aitiogenous? I will shortly give a historical review of the conceptions onthis question'): Sachs in 1857 came to the conclusion that quot;autonomous move-ments regulated by lightquot; are involved; at least he seemed most-ly mclined to this conclusion, though in 1863 he also mentionedan after-effect of the light influence in total darkness. Pfefferin 1875 gave this classification: 1.nbsp;Autonome oder spontane Bewegungen. 2.nbsp;Receptionsbewegungen oder paratonische Bewegungen. a. die einfache Receptionsbewegung und deren Nachwirkung,d. die t?¤glichen periodischen

Bewegungen.The sleeping movements were described as a result of theafter-effects (not called autonomous) and continual rhythmicstimuli. In 1915 Pfeffer, apart from the autonomous spontaneous 1) In this historical survey I still use the word quot;autonomousquot; when theauthors have done it.



??? movements, distinguished also autonomous after-effects. Sleepingmovements he too then called: quot;autonomous movements regulatedby lightquot;. The experiments by Stoppel (1932), Brouwer (1926) and othersgave rise to doubt as to the autonomous character of the sleepingmovements. They supposed the movements to be determined byexternal influences. Brouwer thought to make things clearerby introducing an, unfortunately not further to be defined,factor X. Kleinhoonte (1929) and BiInning (1932), at the hand of manyexperiments, brought the phenomenon again under the definitionalready given by Sachs (1857) and Pfeffer (1915): quot;autonomousmovements regulated by lightquot;. The endonomous processes determine the length of the periodof the movements at constant external conditions. If these conditions are not constant, the length

of the periodis only influenced by them to a certain extent. For instance, theendonomous rhythm depends on the rhythm of light and darkvar iation within the boundaries 6 â€” 6 â€” 6 â€” and 24 â€” 24 ^â€”^ 24 â€”(the figures indicate the length of subsequent light and darkperiods in hours). Shorter alternations than 6 â€” 6 â€” 6 â€”â–  andlonger ones than 24 â€” 24 â€” 24 â€” were not followed by theendonomous processes; in these cases the normal 12 â€” 12 â€” 12 â€”rhythm of the movements was resumed again (Kleinhoonte 1929). biinning (1931) has given another convincing proof of theendonomous character of the vai iation movements. He determinedthe length of the period at different temperatures. His resultswere that at a temperature of 15Â° C. the length of the periodwas about 30 hours and at 35Â° C. it was about 20 hours;intermediate

temperatures gave intermediate periods. Resuming it may be stated that the sleeping movements ofthe investigated plants are based upon an endonomous systemwhich, within certain limits, can he influenced hy externalstimuli, e.g., light, temperature. Â§ 3. Statement of the problem. I have hitherto exclusively dealt with experiments and problemsconcerning the character of the movements, without mentioningthe attempts which have been made to elucidate the internalmechanism of the processes resulting in moving of the leaves. Several questions have engaged the investigators on thissubject since Sachs. These questions develop from each otherby logical reasoning, and that is the reason why I have treated



??? them subsequently in separate paragraphs of chapter IV. Theorder chosen by me does not only give a logic survey but alsoreflects more or less the chronological sequence in which thequestions have been treated. Moreover, the study of the variousprocesses gives a good idea of the difficulties to be met withwhen studying the mechanism of the endonomous system In chapter IV in this way the available data on the quot;sub-sequent questions will be linked up and combined. This led toinvestigations on starch and amylase and on several questionsconcerning the staich-sugar metabolism in the plant Properly speaking, hitherto all data on the mechanism ofthe sleeping movements were descriptive; none of them gaverise to a theory on the real prohlem of the sleeping movements:the endonomous periodicity in constant darkness. It is this pro-blem which

continuously engaged me; it meant that I had tolook for a system in the plant, which in itself could accountior periodic changes in volume. It will be superfluous to savthat these changes in volume were supposed to correlate directlywith changes in sugar concentration of the cell sap. From thisonly a little step brought me to a possible role of starch and ofan^lase and so the outline of the investigations was traced The results and the conclusions given in the following pasesare not exhaustive but also may be valuable by stimulating todetailed investigations on the complicated processes involved CHAPTER II. The material; the motile organ and its anatomy. Â§ 1. The plants. In the course of time mainly two species showing sleepingmovements have been chosen as an object for the study ofn^^tiMsty, I.e., Phaseolus multiflorus L. and Canavalia ensiformisUU.

Â?Joth plants show the movements equally well, perhapsCanavalia more regularly (that means, less disturbed by externaliMluences) than Phaseolus. Especially in the winter season^^aseoius is more vigorous in growth and less liable to diseasesAlthough the sensitiveness to external agents is higher in Phaseo-lus tli^ in Canavalia, they have in common the processes whichresult m the endonomous movements in constant darkness (see ge-neral introduction). Since many of my experiments had to be donem the winter season, I preferred Phaseolus to Canavalia (foreven artificial day-lengthening by means of neon light could not



??? rule out the adverse influence of the season). The first pair of leaves of Phaseolus shows the movementsmost clearly. By continually cutting off the main shoot, thefirst leaves develop to a large size and consequently the pulviniat the base of these grow favourably for a detailed study. Thesame pulvini (between petiole and lamina) have served as anobject for the experiments of nearly all the earlier investigators. Throughout the year the plants were cultivated in the green-house. In the winter the night period was reduced to 7 hoursby means of neon light. The age at which the plants were usedvaried froin about 3 weeks until two months after sowing.Besides the main shoot also the developing axillary buds mustbe continually cut off. Â§ 2. The anatomical structure of the pulvinus (fig. 2) may becharacterized by the following features: upper side stanch

layercoHenchyma vascular bundle 'epidermis Macroscopically the motile organ shows a dorsiventral struc-ture, the surface of the lower side being cylindrical, that ofthe upper one is grooved longitudinally, so that a reniformtransverse section results. The same reniform section is shownby the central vascular bundles, that are fused to one centralcylinder in the pulvinus, in contrast to the several, periphericallyarranged, strands in the petiole. The â€? microscopic structure is as follows: the narrow pith in



??? the centre consists of merely collenchyma cells. They are sur-lounded by the vascular strands, cylindrically arranged, exceptat the upper side, where the collenchyma of the pith is con-nected with the collenchyma that surrounds the vascular cylin-der. Round the collenchyma sheath lies the starch layer whichsince long ago drew the attention by its local storage of' starchexclusively found in the one or two layers of cells, which con-stitute the most central part of the motile tissue. The remainingmotUe tissue consists of parenchyma cells, almost isodiametiic(somewhat stretched in a radial direction). Intercellular spacescannot be found in this tissue, except in the more central partwhere two or three layers of cells show air-filled intercellularspaces. This was already stated by Sachs (1857). The epidermisclosely adjoins the motile tissue, it is unicellular in

thicknessIts cells are smaller than those of the motile tissue, stomataoccur very scarcely. The outer walls of the epidermal cells aresomewhat thickened, the cuticule showing a peculiar wavystriped, pattern. The surface is covered with hairs, that of theupper side rather densily, that of the lower side sparsely Activehydathods occur, also more on the upper side than on the lower Microscopic reactions: only the walls of the vessels are ligni-fied (phloroglucin-HCl). All other cell membranes consist ofcellulose: with iodine in sulphuric acid they stain deeply bluewith iodine in zinc chloride violet. Boiling in Sudan-glycerinmerely stains the cuticula (red). Starch is present in the starchlayer m considerable amounts; whether it is present in theother cells of the motile tissue is difficult to state (perhaps inminute grains). I will especially point again to the quot;accordeonquot;

structure ofthe motile tissue (Zimmermann 1929). Such an accordeonlikesystem promotes the changes in volume of the cells in axialdirection. Â§ 3. The magnitude of the changes in volume of the motile cells. Measurements of the actual changes in volume of the motilecells have already been applied in a calculation given in a pre-vious paper, in collaboration with J. B. Thomas (1938). At thatplace we anticipated upon the argumentation which would begiven in the present paper and which follows below. Some shadowgraphs were made on photographic paper of thesame pulvinus in a high and in a low position (correspondingto the extreme day- and night positions of the leaf). See fig 3Of course no exact measurements of the changes in volume of



??? each cell apart could be made, but measuring the changes involume of the whole pulvinus gives an average value for thevoltune changes of all cells together. It can be measured from the photographs that the increasein length of the upper side during a sinking of the leaves amountsto about 50% of the original length, while at the same time thelower side shows a decrease of about the same value. Assuming that the changes in volume are simply linearly proportional tothe changes in length (according to the quot;accordeonquot; structureand neglecting the volume changes in transverse directions), itmay be said that the average changes in volume of the cellsamount at least 1,5 X- This value has been adopted in the calculation in the previouspaper l.c. and it will be used again in the last paragraph ofchapter VII. CHAPTER III. Argumentation of the course

of the research. In chapters IV to VII of this paper I shall deal with the sub-jects that, more or less in chronological order, have engagedthe attention of previous investigators. Where it proved to benecessary, I added some supplementary experiments of my own,while the material described in chapters V, VI and VII is newand led to the hypothesis discussed in chapter VIII. The data, hitherto gathered by several authors in studyingsleeping movements of plants, mainly have a phenomenologicalcharacter. They form the assay to which the explanation of themechanism of the movements always should be tested.



??? When I had the opportunity to state personally, by anatomicalmves igation, to which extent the starch layer in the pulvini:s filled up with starch, it was very tempting to think of apossible relation between the storage of this starch and theprocesses underlying the movement. The simpliest relation viza daily-periodic quantitative alteration in starch content soonproved not to be observable. However, the starch might havethe junction of a source of energy and for that reason I attemptedto determine the relation between the presence of starch andthe occurrence of movements. This once done, as a logical con-sequence, I continued the investigation in the direction of in-fluencing the starch content of the plant, hoping so to influencethe movements. - All the experiments concerning starch aredescribed in chapter V. â€” Once conceiving a possible function of

starch, it is a matterof course that one has to include amylases into the investigationm order to connect changes in turgor, by way of alterations inthe osmotic value of the vacuole, with the eventual role of astarch-sugar inversion. Now the most plausible assumption isthat the quantity of amylase(s) in both halves of the pulvinuswould alter reversibly, with the same rhythm as the daily-periodicmovements. Accurate measurements of the amylase quantities inthe upper and lower half of the pulvinus, in the uplifted as wellas in the drooped position of the leaves, led to the conclusiontiiat such differences, though they were perhaps demonstratedare inadequate to account for the periodic changes of the osmoticvalues. However, it might be possible too that the total amountot amylase, present in the cells, is constant in its quantity vetIts activity being regulated by

influences inside the cells â€”Measurements of amylase activities are reported m chapter VI â€” In view of the endonomous periodic character of the processesinvestigated, it seemed attractive to examine changes in theconcentration of the cell sap, due to changes in volume, and, inconnection with the sensitiveness of enzymes especially to hy-drogen-ion concentrations, it was obvious to focuss particularattention on the influence of pH on the amylase activity â€” Seechapter VII. â€” It follows from the ever greater complexity of the processesinvolved that the conception given on the mechanism of themovements gradually gets an increasingly hypothetical character.Ihe elements, however, hitherto are in agreement with the facts I am fully aware that in fact I have not exhaustively in-vestigated the several parts of the problem. The system soon



??? proved to be so complicated that this could not be avoided. Itwould have been much easier to lose myself in a detailed studyof a well defined inferior part of the process than to survey thesystem as a whole, and yet the latter was my intention. CertainlyI may have overlooked vital processes which also play a moreor less important part besides the phenomena described in thenext pages. CHAPTER IV. Problems of and views on the mechanism. Historical review. Â§ 1. Turgor. Although, at present, it is beyond doubt that the changes involume of the motile cells are due to changes in turgor of thesecells, it is interesting that once this subject has been discussedin literature. Since in 1857 Sachs had mentioned that it is theturgor of the cells that changes periodically without thinkingof another possibility, Hofmeister in 1862 suggested that thephenomenon of

imbibition of the cell walls (quot;Zellh?¤utenquot;) wasmuch more likely the base of the changes in volume. Hofmeisterwas influenced by the data and the theories published in 1861by Graham on the properties of colloidal and crystalloidal sub-stances. The imbibition of the cell walls would be followed bywater absorbtion by the cell sap. The hydrating and de-hydratingpower of the colloidal system, conditioned by all kinds of factors,would offer a suitable means to explain the rapid changes involume of the motile cells. In 1875 Pfeffer could not decide which of these two viewsshould be preferred, but he felt that some data were in favourof the opinion of Sachs. In 1909 Lepeschkin published experi-ments, which served to demonstrate that the mechanical pro-perties of the cell wall did not alter during the movement. Hemeasured the flexibility ') of the pulvini, after

plasmolysis,before and after light and daik periods. The flexibility did notprove to alter and therefore Lepeschkin concluded that onlychanges of the turgor occur during the movement. Since thattime the attention entirely has been focussed upon changes in 1) To this purpose he used the method of Br??cke: the angle betweenlamina and petiole is compared in a normal and in an inverse position ofthe plant; the weight of the lamina causes a bending of the pulvinusproportionate to its flexibility.



??? the turgescence of the cells, and never since has been spokenof imbibition or such. Yet it may be useful to consider thepossibility that, to a slight extent, changes in the water contentof the cell walls may play a part in the moving effect. Another question is the co-ordination of the turgor changesin the upper- and in the lower half of the pulvinus during themovements. In 1857 it has been stated by Sachs that the changesin turgor take place in an opposite sense in the antagonistichalves. He supported his statement by comparing the flexibility(measured in the same way as by Lepeschkin) of the pulvinusin a drooped and in an uplifted position of the leaf. Pfeffer(1875) has endorsed Sachs' view by experiments with parts ofpulvini. He cut away the upper- or the lower half of the organand registered the movements of the remaining halves in con-stant darkness.

I have reproduced his results in fig. 4, for they convincingly prove the correctness of Sachs' original observation.It was clearly distinguished by Pfeffer that his statement onlyholds true for the daily periodic movements (and for the auto-nomic movements) and not for the movements due to a singularreception with after-effect (see the scheme by Pfeffer, givenon p. 763). The latter he attributes to changes in turgor, actingin the same sense but with a different velocity. Although this part of the problem seemed to be solved, at



??? about the beginning of this century the question on the co-ordmation of the turgor changes in the pulvinus arose anew.Jost (1898) and Schwendener (1887) undermined the resultsand the conclusions of Pfeffer. During several years Schwen-dener worked with Phaseolus (and Oxalis); all his observationswere made in the greenhouse without any precautions regardingconstancy of temperature, humidity, etc.; the cloudiness influencedhis results, as can be seen from his protocols. So it is notamazing when he remarks: quot;An widersprechenden Reaktionenfehlte es zwar auch bei dieser Versuchsreihe nicht!quot; Still, hecame to a conclusion contrary to that of Pfeffer: the rapidreactions upon light stimuli (quot;Einfache Receptionsbewegungquot;of Pfeffer) were ascribed to an opposite change of the turgorin both halves of the pulvinus. Pantanelli (1901), in

experiments with Robinia Pseudacaciaand Porliera hygrometrica, confirmed the results of Pfeffer.Jost has critisized this work; he called the investigation super-fluous. â€” Pantanelli (1901), in a reply to Jost, held the viewthat the investigations of Jost and Schwendener were morelikely superfluous than his own, since he worked with unknownplants and the others used a material that had already exten-sively and seriously been investigated by Pfeffer. Wiedersheim (a student of Pfeffer), in 1904 attempted toshow that the controversy between Pfeffer and Pantanelli andJost and Schwendener was due to a different way of operating(halving) the pulvini. He held the depth of the cutting responsiblefor the result; Pfeffer should have cut up to the vascular cy-linder, Schwendener should have halved the vascular cylindertoo. His experiments did not convincingly

prove that this viewis correct. â€” Lepeschkin (1909), however, has investigated thesame subject, and he confirmed the results and the conclusionsof Wiedersheim. In spite of all the supplementary investigations, we concludethat still Pfeffer was right when he discriminated between twotypes of movements and two types of co-ordination of the changesin turgor in both pulvinar halves. Recapitulating;nbsp;. a)nbsp;Rapid movements, induced by an external stimulus (light,temperature) â€” changes of turgor in the upper- and in thelower pulvinar half in the same sense but at different rates. b)nbsp;Daily periodic movements, quot;slow movementsquot;, â€” changesof turgor in both pulvinar halves in an opposite sense. In 1926 Brouwer once more investigated this subject. He



??? stated that separated upper halves (lower half removed) didnot show movements, while the separated lower halves movedin a daily periodic rhythm. He cut the pulvini so deep that thewhite vascular cylinder just became visible. I do not see howhis differing results can be explained. Â§ 2. The osmotic value of the cell content. Many times it has been attempted to determine the osmoticvalue of the cell content and often the results were contradictory.This must be ascribed to a deficient distinction between thetwo types of movements, the rapid and the slow ones. Hilburgin 1881 attempted to state whether changes in the concentrationof the cell content after a short period of illumination of theplant could be measured. This failed. Kerstan (1909) applied the plasmolytic method (de Vries);he found a difference in the quot;saltpetre valuequot; of the upper-and

the lower pulvinar half, in a day- and in a night position.He did not account for the changes in volume that had occurredin the meanwhile. Lepeschkin (1909) combined the data of Kerstan with themagnitude of the changes in volume as indicated in 1875 byPfeffer (40%) and concluded that no changes in the osmoticvalues of the turgescent cells had been proved by Kerstan. Hemade no experiments of his own. Zimmermann (1929) estimated the osmotic value of cells whenjust turgid, of both pulvinar halves, during the daily periodicmovements. He found striking differences. The variations of theosmotic value appeared to occur antagonistically in both halvesand parallel to the changes in volume. When the decrease involume of cells just turgid was taken into account (accordingto Ursprung, 1930), the differences still remained. Weidlich(1930), using also the

formulae of Ursprung, came to the sameresults. Unpublished results of experiments by Miss Vaandrager(Utrecht 1931) confirmed this too. Since Lepeschkin (1934) and BUnning (1936) have critisizedthe results and the conclusions of Zimmermann and Weidlich,I decided to examine once more the osmotic conditions in theupper and the lower pulvinar halves during the daily periodicmovements. The osmotic value and the suction pressure of the cells of atissue can be measured in various ways. Always it has beenconsidered necessary to reduce the experimental data, with the



??? aid of more or less complicated formulae (Ursprung 1930, Weid-lich 1930, Lepeschkin 1933, 1934), to the actual volume of thecells in the tissue. Now, in studying the movements of variation, the most import-ant thing to know is, whether and how the suction pressure ofthe tissue as a whole changes relative to the movements. I useda somewhat simplified method, inasmuch as I compared thevolume (proportionate to the length) of a certain strip of pulvinartissue in water and in a hypertonic solution of glucose. The1 mol. glucose solution caused plasmolysis; in this state the lengthof the tissue strip was minimal. The length of the strips in water,as compared to the minimal length in glucose solution, was takenas a measure for the suction pressure of the tissue. The strips were first placed in water, then in the glucosesolution; controls showed that first placing

in glucose and thenin water gave almost the same values. The shortening in glucosesolution as compared to the length in water was expressed in per-centage of the length in theglucose solution. The stripswere longitudinal (radial)sections of the pulvinarmotile tissue of the upperand of the lower half. Tofacilitate the measuring,the outline of the strips,in water as well as in thesugar solution, was tracedon paper. An example ofthis procedure is given infig. 5. Sometimes an increase oflength in a transverse direc-tion was noticed to becombined with a decreaseof length in the longtudinaldirection, when the stripswere placed in the glucosesolution. This may supportthe existence of an quot;accor-deonquot; structure of the mo-tile parenchyma (Zimmer-mann 1929, Mar. Brauner1933).



??? Examples: objectnbsp;shorteningnbsp;broadening 1.nbsp;upper halfnbsp;23,8%nbsp;9 0% 2.nbsp;lower halfnbsp;26,8%nbsp;5;6% 3.nbsp;lower halfnbsp;30,0%nbsp;14,5% With the aid of tangential strips I first have determined thesJiortenmg of more or less peripherically situated parts of thepulvmar tissue. The results of these experiments are given intable 1. TABLE 1. shortening in % of-the length in glucose objects epidermis parenchjTna parench.near vase,cylinder vascularcylinder El. upper halflower halfE2. upper halflower halfE3. upper halfupper halflower halflower half 11,3%2,3%19,5%12,5%11,8%9,5%12,7%5,8% 10,8%6,5%19,7%15,7%12,7%24,3%27,8%30,4% 6,7%1,5%11,9%14,7%7,5%7,7%13,2%17,0% 1 0%0%0%0%0%0% To ascertain that endosmosis or exosmosis might not give falseresults, I arranged special experiments. In these

series I placed^e strips first in paraffin oil (P), to trace the original outlinel^en in two series I placed them first in water (W), then inglucose solution (S), in two other series first in glucose solution(S), then m water (W). In each of the media the outline of thestrips was traced. Changes in length were expressed in percen-tages of the length in paraffin oil. The results are given in thefollowing table. upper half lower half (sequence) W W I.nbsp;Pâ€”Wâ€”S II.nbsp;P-^Sâ€”W III.nbsp;Pâ€”Wâ€”S IV.nbsp;Pâ€”Sâ€”W 'nbsp;quot; j quot; (each figure is an average of 3â€”5 measurements). Sometimes even a slight lengthening in sugar occurred, showingthat the osmotic value may exceed that of 1 mol glucoseA comparison of the series Pâ€”Wâ€”S and Pâ€”Sâ€”W shows that -f33,2 33,3 29,1 30,2 0,7-7,2 5,7-5,4 26,7 31,5 22,7-25,2 -1,9-9,1 4,1-4,3



??? the relative length of the strips in water shows differencesbetween the upper and the lower halves, while the values ofthe S-column scarcely differ in both halves. Therefore the lengthof the strips m water as compared to that in glucose solution(and expressed in percentage of the length in glucose) may beused for comparing the suction pressure (and so the osmoticvalues) of the tissue as a whole. No actual values of the osmoticpressures or suction pressures have been calculated, since I onlyintended to investigate whether differences between both halves,m various positions of the leaf, could be detected. The results of the experiments, carried out to this purpose,have been summarized ui table 2. The percentages given in thistable are averages of 3 to 8 measurements each. For eachpercentage I have calculated the mean error from the formulaâ– \l S

a} â„? ~ ~ [ Mnd)' â„?nbsp;^nbsp;mentioned the mean error of the difference between the values for the two antagonistichalves of one pulvmus calculated (from the formula my = Â? / 2 2 j/ m^ m^, (mi and mg being the mean errors of the two valuesin question). II. Leaves in a drooped position (night). J upper half 7 lower half 5 L upper half 4 lower half 4 M upper half 5 lower half 3 N upper half 7 lower half 6 12,9 10,26 9,4 12,9 19,9 6,54 9,5 8,32 TABLE 2. Comparison of the osmotic values in both pulvinar halves.I. Leaves in an uplifted position (day).nbsp;~ nimiber of series object measure-ments shortening difference 3 X mv G upper halflower half 55 18,8%28,9% 10,1 10,26 O upper halflower half 86 26,6%37,5% 11,5 6,24 H upper halflower half 67 17,8%23,3% 5,5 6,99 29,4%16,5%27,8%18,4%34,5%14,6%25,0%15,5% III. For leaves in an intermediate

position all differences found betweenupper and lower halves were far within the limits of error.



??? The positions of the leaves were valued from the angle betweenlamina and petiole; no registering of the movements took place,since too many plants were involved in the experiments. There-fore not all results of the series with strips of uplifted leavesexceeded the limits of error. The results of these experiments are in full agreement withthe results of the former investigators. They all lead to theconclusion, that the osmotic value of the upper half is minimalin an uplifted position of the leaf, while that of the lower halfis maximal in that case; when the leaf is in a drooped position,the situation is reverse. It may be emphasized again that this only bears upon theslow, daily periodic movements. Â§ 3. Permeability. It may be useful, but it is adventurous, to express the courseof a certain vital phenomenon in terms of mathematics. For, whenthe formulae are

erroneous, the conclusions drawn from themare false. Lepeschkin in 1933 and 1934 has published papers on theosmotic processes in cells (cells apart and in a tissue) and onthe mechanism of the periodic movements of variation. He hasgiven a set of formulae, expressing the relation between turgorpressure, suction pressure and water withdrawing forces of a cellin a tissue. He also has taken into accoimt the permeability, butparticularly that part of his calculations has led him to somewhatstrange conclusions on the influence of changes in the permea-bility of cell membranes on the turgor pressure of the cells. Before critisizing the work of Lepeschkin I will first definesome symbols used by me and partly also used by him: T â€” turgor pressure, the pressure exerted on the cell wallby the cell content, straining elastically the wall. V â€” the volume of the cell.

W â€” the quantity of molecules of water in the cell. O â€” the quantity of molecules of osmotically active substancesin the cell. Pw â€” the partial hydrostatic pressure of the water in thesolutions outside the cell. Po â€” the partial hydrostatic pressure of the solved substancesin the solutions outside the cell. Pw â€” the permeability for water of the cell membrane. Po â€” the permeability for osmotically active substances ofthe cell membrane.



??? a â€” the total area of the surface of the membrane (assumingthe inner- and the outer surface to be equal). Permeability (p) is defined: the ratio of the number of mole-cules passing a membrane to the number of molecules collidingagainst it. Always is: T = K ^ (K = a constant, dependent on properties of the cell walland of the tissue and on conditional factors). Now Lepeschkin is right in deriving his formulae until thepoint where he introduces the permeability into the problem.Once assuming that the membrane is permeable to osmoticallyactive substances no final turgor pressure can be expected in acell placed in water. Lepeschkin (1933) expresses the relation between the suctionpressure (Si) of a solution and its osmotic pressure (P) in theequation: Si =: P (1â€”fi), where /x represents the quot;permeability-factorquot; for the solved substance.

Considering the permeability for water too, he gives the equation: Si = P (1â€”ju) (1â€”quot; ), where tr represents the quot;permeability-factorquot; for water. Now these formu-lae cannot be used for describingthe effect of a change of /x or a,since P and /x or P and a arenot varying independently. Thishas not been mentioned by Le-peschkin. Differential calculusshould have been applied in thiscase! The problem is ratherdifficult to solve and falls beyondthe scope of this paper, I shallnot treat it here. IV ma- Po solution 2 solution / Fig. 6. See text. I prefer to consider the caseof a eel in a system (a tissue),where a part of its surface is in contact with a solution 1 andthe other part with a solution 2 Several assumptions mustbe made before a final turgor value of the cell can be expected.The most important assumption is that constantly the loss ofosmotically active

substances (caused by permeating) by the cellis supplied by a mechanism in the cell (viz. photosynthesis or The symbols regarding solution 1 are marked ' that regarding solution 2are markedquot;; the symbols regarding the cell content have no indices.



??? activity of enzymes). In this case O is kept constant. I assumefurther thatP;gt;K.Ygt; P;^ andnbsp;P;gt; P.; (see fig. 6), and that a part m of the cell surface is in contact with solution1, and that P^, P^, P^' andP^ are constant (viz. continuously refreshed solution). For the equilibrium to be estabhshed, wenow may write that in a certain period the numbers of moleculesentering and leaving the cell must be equal: ma.P^p^.t (l-m)a.P;,.p^.t ma.P^ Po-t (l-m)a.Po.po t = a.P^.p^.t a.PoPâ€žt. = a.K.-^.p^.t a.K Â° p^ t(see p. 778). This gives: W.^quot; O V = K. |(l-m)P^ m.P^I (l-m).P^ m.Pâ€ž Po It is clearly expressed by this formula how (when equilibriumhas been reached) the volume of the cell V depends on O and on P^ . P^ , Pq , Pq and m. How the value of the ratio Po influences the value of V is entirely dependent on the mutualproportion of Pw and Po in the

solutions 1 and 2 (i.e. the osmoticvalues of the solutions surrounding the cell). It cannot be read from the formulae whether an initial change of the turgor, if a change of - - might cause such, finally results Po in a different value for V, since the formulae represent the staticsof the processes, i.e. the equilibrium. The factors in the formulaeare not independent of each other and therefore an alterationof one factor affects the value of others and the result carmotbe predicted. For these reasons I carmot see how Lepeschkin (1935) andbiinning (1936), from their formulae (or even without describingthe phenomena in formulae), could conclude that changes inpermeability (for water and solved substances) of the cell mem-branes would result in a definite change of the volume or ofthe turgor value.



??? CHAPTER V. The relation between the presence of starch and theoccurrence of movements. Â§ 1. Introduction. A study of the anatomy of the pulvinus especially called myattention to the great quantity of starch that normally fills upthe starch layer. Since it seemed probable that this starch mightplay a fundamental part in affecting or in supporting the endo-nomous processes on which the movements are based, I tried to getsome data on this storage of starch under various circumstances. In the petiole as well as in the pulvinus the starch is storedmainly in the starch layer (surrounding the vascular bundles),in granula of rather large dimensions. In the more periphericalcells of the pulvinar tissue starch will be probably present, butin scarcely demonstrable grains (very small ones) or perhaps ina solved form. The starch layer consists of two or three layers of

parenchymacells, adjoining closely the collenchyma that surrounds the centralvascular bundle in the pulvinus. Generally on the upper sidethe starch storage is markedly less than on the lower side. Â§ 2. The starch content during a 24-hours period. To examine the starch content of the moving pulvinus duringa period of 24 hours, every hour of a series of plants one pulvinuswas isolated and fixed (in alcohol 96%); afterwards these pulviniwere tested on starch content. At the same tune of all plantsthe angle between petiole and pulvinus was measured (also everyhour), while temperature and air humidity were continuallynoted too. The estimation of the starch content (here and in other experi-ments) was made by staining the starch with iodine (in potassiumiodide) in a hand-made transverse section of the pulvinus. Ofcourse minor differences in starch content

could not be noticedin this way. The following scale was used: 1.nbsp;very much starch (more than normal) 2.nbsp;much starch (normal) 3.nbsp;â€? little starch (less than normal) 4.nbsp;very little starch (some grains) 5.nbsp;no starch This standard only refers to the starch present in the starchlayer. When starch occurs in a considerable amount elsewhere



??? If''00 24^00



??? in the tissue it is especially mentioned. For the 24-hours experiment a nuniber of plants were chosengrown from the same sowings and under equal conditions oflight, temperature and air humidity, all having a normal andhealthy appearance. During the experiments the plants wereleft in their normal habitat (i.e., in the greenhouse, under naturalday and night succession). With the experimental method justdescribed a variation in the starch content of the pulvinar starchlayer during 24 subsequent hours could not be detected. Through-out the 24 hours the starch layer was filled up with starch tothe same extent. Â§ 3. Plants in constant darkness. By earlier investigators (e.g. Kleinhoonte) it was noticed repea-tedly that the sleeping movements still continue in the usual12-12-12-hours rhythm for one or two weeks in constant darknessuntil they finally stop. Now

it might be of importance to controlthe behaviour of the starch during such a dark period. An ever felt objection to this kind of experiments is that onecannot control the movement of the leaves after having done astarch estimation, for to this purpose the pulvinus is cut off,fixed and microscopically tested. In consequence, conclusionsmust be drawn from experiments with more plants, grown underthe same conditions. This is permissible as is demonstrated byfig. 7, which shows the result of a registration of the movementsof three plants, placed side by side in the greenhouse. The dulland rainy days, 3rd and 4th of June, have had a correspondingeffect in all three plants (AA 1, AB 3, and AB 5, of two sowings). In a dark room, with temperature about 23Â° C. (not accuratelyconstant), the movements of the same three plants were registeredfrom June 11th until

June 25th. The results of the last part ofthis registration are given in the graph of fig. 8. This figureshows, that the plants AA 1 and AB 5 after one week had fairlywell stopped their movements, while those of AB 3 still continuedand even had not stopped after 14 days ')â–  At that moment thestarch content of the pulvini of this series was estimated andproved to be of AA 1 â€” no starchAB 3 â€” little starchAB 5 â€” very little starch. Thus, in spite of the similar behaviour shown before, in the dark theseplants displayed an individual character; the latter is due to internalconditions, while the parallelism before was induced by external stimuli.



???



??? Of course these prehminary indications ought to be controlledin more objects. The following table gives some more observationson this subject: TABLE 3. Relation between movement and starch content. Plants length of periodin dark room state ofmovement starch content AD 34AD 35AD 36 AD 2AD 20 Oct. 19thâ€”29thOct. 19thâ€”29thOct. 19thâ€”29th Oct. 23rdâ€”29th )Oct. 30thâ€”Nov. 9th( no movementno movementno movement( still movinglt; with smaller( amplitudepracticallystopped no starchno starchno starch little starchlittle starch AD 21 Oct. 30thâ€”Nov. 9th very littlestarch These data were completed by an experiment in Februar 1938: A great number of plants of the same sowings (CY) and grownunder equal conditions, were placed in a dark room (temp, about20Â° C.) at the same time. Each day one pulvinus was cut offand fixed to be

examined on starch. The movements of one ofthe pulvini were registered during the whole experiment, thispulvinus being fixed itself at the end. The movements of the registered pulvinus continued untilabout Februar 25th, with some irregularities perhaps caused bythe insufficient constancy of the temperature in the room. Duringthis first period the starch content gradually decreased, asdemonstrated by the microphotographs of the starch layer (thestarch stained deeply blue with iodine). See the graph of fig. 9and Tab. XVIII, A. On Februar 26th, from 9h30 until 20h00, theplants were illuminated by a bulb of 500 W. half a meter over theleaves (with a water bath between plant and bulb to eliminatethermic rays). The reaction to the illumination of the registeredplant was a lifting of the leaf. After some oscillations an arrestwas reached again somewhere near

March 1st. I especially callthe attention to the fluctuations of the starch quantity duringthe last part of the experiment. At the end of the light periodnot only the starch layer had been filled up with starch, butalso the parenchyma cells of the motile tissue were unusuallyfull of starch, though in grains considerably smaller than thosein the starch layer. As to how this phenomenon is connectedwith the illumination and as to how (c.q. whether) movement islinked up with the high starch content, is not clear. The lastphotograph shows that after all with the final arrest of the



??? movement the starch has disappearedfrom the starch layer. Â§ 4. Plants in constant light. Several investigators, a.o. Pfeffer(1915), Stoppel (1932), Cremer (1923),have mentioned that the plants stoptheir sleeping movements in constantlight. That this does not hold true hasconvincingly been demonstrated by Brou-wer (1926) and by Kleinhoonte (1932). I decided to examine the progress ofthe starch content during a period ofconstant illumination of the plants. Tothis purpose three plants were placedin a dark room and illuminated by abulb of 200 decalumen, 50 cm over theleaves. The movements of one of theseleaves (AF 9a) were registered fromJanuar 9th until 15th (see fig. 10), whilein that period the starch content of onepulvinus each day was estimated. Theresults were that no fluctuation of thestarch content could be noticed. It may be concluded

that during thisperiod of constant light the starch con-tent did not increase nor decrease, nordid any starch appear outside of thestarch layer. Â§ 5. Conclusions. The nature of the problem preventsthat absolute certainty can be gained asto the direct relation between the starchstorage and the pulvinar motility, sincefor studying the changes in starch con-tent during a long period it is necessaryto draw more than one plant into theinvestigation. Therefore all results mustbe regarded as averages of several values.None the less it may be stated that Fig. 9. The result of the registration of the movements of one amongIT^'r Pl^^ts placed m a dark room. For further explanation see text -this tigure should be compared with Tab. XVIII, A.



??? without doubt starch plays an important part as a storage ofenergy for the processes that result in movement. As long as starch is present movements can occur, though Iwant to emphasize that this only holds true for a single typeof processes, all concerned with starch metabolism. Apart from these, it is conceivable that, e.g., changes in permeability maycause alterations of volume which have nothing to do with thestarch metabolism. I cannot, however, visualize how such volumechanges could be reversible. CHAPTER VI. Amylase. Â§ 1. Introduction. As already indicated on p. 769 the possible part played bystarch in the mechanism of the sleeping movements drew theattention to enzymatic actions inside the cells of the motiletissue. In connection with starch, amylase(s) ') should be themost important enzymes. The methods, described by van Klin-

kenberg (1931), for demonstrating the activity and the compoundsof diastasis (malt-amylases), with slight alterations, proved tobe very suitable for a qualitative proof of the occurrence ofamylase in the pulvinus. A more careful examination of theamylase activity in different parts of a transverse section throughthe pulvinus enabled me to localize roughly the amylase. Thenext problem was to measure as accurately as possible theexact quantity of amylase present in both halves, the upper 1) I further use the term quot;amylasequot; for all amylolytic enzymes, eventuallypresent in the pulvinar tissue.



??? and the lower, of the pulvinus. To this purpose I made myselffamdiar with the method described by Linderstr0m-Lang forquantitative estimation of reducing sugars by means of a micro-titration. Once acquainted with this micro-method, I needed agood deal of time for finding the best way to extract the amylasefrom the object. Not until these things were settled I couldcontinue my attempts to establish whether a difference inamylase quantity between both pulvinar halves could be demon-strated or not. Â§ 2. Qualitative proof of the presence of amylase. The method first used by Wijsman (1889) and recently byvan Klinkenberg (1931) to study the properties of the amylasesystem of malt, seemed to me a suitable means to examinewhether amylases could be detected in the pulvinar tissue ofPhaseolus multiflorus L. In this method a gelatin-starch plate is

used to demonstratethe action of the amylase. The plate is made by casting a gelatin-starch solution (8% of gelatin,nbsp;of soluble staich) in a Petri dish. The enzyme is allowed to hydrolyse the starch of thesubstrate for a long time (1â€”3 days) at low temperature in arefrigerator. â€” Van Klinkenberg has usually worked with en-zyme solutions, only a few times he placed parts of a planttesue (from barley kernels) on the gelatin-starch substrate. â€”The action of amylases is determined by staining the plates bya dilute iodine solution. I have applied the same method for examining the amylasecontent of the pulvinar tissue. I placed some transverse slices a gelatin-starch substrate;after 24-hours incubation in the refrigerator, the plate wasstained with iodine. The tissue proved to contain a clearlydemonstrable quantity of amylase. The influence of alcohol

andether was then tested; alcohol inactivated the enzyme, particu-larly when heated up to 70Â° C. Ether did not inactivate at alleven a slight activation was noticeable, but the latter might beattributed to a better diffusing of the enzyme from a dead tissuethan from a living one. A difference in amylase content betweenthe upper and the lower half of the pulvinus could not bedetected. The best period for diffusing of the enzyme from thetissue appeared to be about 20 hours (at 0Â° C.). No further data being obtainable with this crude method Ihave tried to apply the same principle in a more detailed in-vestigation, which will be described in the next paragraph



??? Â§ 3. The localization of amylase in the pulvinus. The experiments, described in Â§ 2, only generally demonstratedthe presence of amylase in the pulvinus (as well as in thepetiole). Once familiar with the method of enzyme testing aftervan Klinkenberg, I adapted the method to a more detailedexamination of the localities in the plant (in petiole and inpulvinus), where the enzyme is present in the greatest quantity,or at least where it is most active. It needs scarcely to be said,that it would be difficult to discriminate whether one measuresthe quantity or the activity of amylase in the plant. To apply the method of van Klinkenberg for a minute exa-mination, I casted the gelatin-starch solution (see foregoing Â§)in a thin layer on a slide. The edges of the glass were coatedwith paraffin, so that by floating it on a water surface, to getan exact horizontal position of the

slide, the gelatin layer becameas homogenous in thickness as possible. After solidifying of thegelatin the slides prepared in this way were dried completelyfor several hours and an quot;enzymographic platequot; was obtainedthat, after quot;developmentquot; in iodine solution, fairly well repro-duced differences in amylase activity of various parts of planttissue brought into contact with it. Yet there is one point which easily can spoil the results andgive a false idea on the distribution of the amylase in the tissue.An important condition for a good result is that the surface ofthe tested tissue must be entirely in good contact with theenzymographic plate, for if this is not the case the results, ofcourse, are misleading. The good contact between plant and platecan be judged from the mark of the tissue that should be visibleon the plate. Another, less serious, difficulty is

the irregularity in stainingintensity, that inevitably occurs when a iodine solution of toohigh a concentration is used. The concentration should be lowenough to permit a slow quot;developmentquot;, which can be stoppedat any moment desired. After the development the quot;picturequot; of the amylase activitymay be copied on photographic paper and in some cases evenan enlargement can be made. ') Not too great an accuracy may be expected from this method,since, during the cutting of the pulvinus (or the petiole) j theblade unavoidably spreads some of the cellsap (with or withoutamylase) over the surface. ') No grain limits the magnification, only the sharpness does!



??? 7Â?9 (T^^'^XVIirBrquot;^'nbsp;reproduced tlTf^; ^^ Tf^ concluded from the experiments that thegreatest quantity of amylase is situated near to the vascularbundles or m some cases in the vascular bundles itself Ofcourse one is mclined to think of the starch layer as a sourceof amylase, but it must be doubted whether this is always thecase Moreover, it is generally known in literature that theamy ase content of a tissue may vary rather rapidly, as will beamply discussed on p. 804.Conclusion: The motile tissue contains the highest quantity of amylase inthe more central parts, while in some cases the vascular bundler!nbsp;J ^Â°Uenchyma sheath) is very rich of amylase. How these fac s are to be explained still remains uncertain,since we do not know where starch in a solved form is present(If such ever be the case). It is, however, clear that, once starch

xeirnf tbnbsp;the same region of the tissue, slight activating or paralysing influences already may bring about considerablenbsp;alterations in the s^arcontent of the tissue. Â§ 4. Micro-method for the estimationnbsp;of reducing sugars andamylase quantities. ') y y ^nbsp;iÂ? estimated by means of the following chemical method. The sugar esglucose, is oxidized stoechiometrically to gluconic acid by addfifreshly prepared iodine solution of a suitable alcalinitvquot;CeH^Oe J^ 3 NaOH CeHi^O^Na 2 NaJ 2 H,0The excess of lodme is determined by titration with thiosul-phate m acid solution. To secure that glucose and maltose are oxidized and sac-charose, fructose and starch are not, the iodine reaction occurs Na^COa 1 vol 0,4 N HCl). - Since iodine reacts with anumber of substances, all the material used must be cleaned bL prevented''''nbsp;sublimation of the

iodine should With due precautions these conditions are realized in the^o^od described in detail by Linderstr0m-Lang and ') In the Â§Â§ 4, 5 and 6 of this chapter the figures represent the auantitip^of reducing sugars, formed by hydrolysis, expressed in mma thiosSa ?



??? Holter (1933). I will shortly describe this method again. From the solution of which the sugar content must be esti-mated, a certain exact quantity (15 mmquot;) is pipetted with ahalf-automatic micro-pipette into a micro test tube. These tubesare made from Jena glass (they are about 25 mm high, outerdiameter 6 mm) and completely coated with a thin (fully trans-parent) paraffin layer. As to the preparing and the cleaning ofthese tubes I refer to Linderstr0m-Lang I.e.. About 50 mmquot; ofa carbonate buffer of pH 10,5 is added to the sample taken withthe half-automatic pipette, in order to establish the conditionsrequired for the oxidizing by iodine. Next 11.9 mmquot; of a 0,15 Niodine solution in potassium iodide is added to the mixturewith the automatic pipette (for a description of the automaticand the half-automatic pipettes I refer to the paper by

theinventors of these useful instruments). Iodine sinks to thebottom and sublimation is prevented. To check it entirely,immediately afterwards a ring of 50 mmquot; 1,2 N sulfuric acid islaid above the level of the mixture with a micro-pipette. Bycapillary forces the ring sticks to the wall of the micro-tube. Inthe same way another ring of liquid (consisting of Â? 30 mmquot;0,3% starch solution) is placed above the sulfuric acid, in orderto serve as an indicator at the titration. Then the tube is allowedto stay for 30 minutes. In this period part of the free iodine isbound, dependent on the quantity of reducing sugar present inthe mixture; when the 30 minutes are over the two liquidrings in the tube are added to the reaction mixture by centri-fuging the tube. The sulfuric acid acidifies the mixture (whileproducing COg) and then the micro-burette allows a vary carefuladdition

of the N/20 thiosulphate. During the titration themixture is continuously stirred with the aid of a periodic electro-magnetic interrupter and minute beads of iron melted in glass.To estimate the amount of sugar, the result of the sugar titrationis compared with a check experiment, in which exactly the samevolumes of solutions are used, yet water instead of the sugarcontaining solution. In this way the amount of sugar is expressedin mmquot; N/20 thiosulphate. How many mg sugar correspond to1 mmquot; thiosulphate completely depends on the actual concen-tration of the solutions used, i.e., the iodine- and the thiosulphatesolution. Generally the concentrations slowly alter in the courseof time, even during one experiment if this lasts for some hours.Therefore it can be indicated only approximately how much 1) Experiments of Linderst0m-Lang and Holier have

shown that this timeis sufficient.



??? sugar corresponds to 1 mm^ N/20 thiosulphate; for maltosel?•'abtuT i ofiquot;nbsp;^^^nbsp;^^^ -Â?thod maltosenbsp;thiosulphate or about 2,5x10-4 mg In the experiments of the following paragraphs the amountsof mahose always are given in mmÂ? N/20 thiosulphate, since^ly the results of one experunent can be mutually comparedMoreover, it could not always be avoided to break micro-pipettes fnTit'^'ls ?Žff''nbsp;capillary tip of a pipette was broken and It is difficult to make a new micro-pipette of exactly thesame volume. This is also a reason why only the results of nomore than one experiment can be compared All the figures representing amounts of maltose estimatedare means of at least two parallel titrations. The accuracy of tlnbsp;^^nbsp;g^^PhÂ?' ii^ which almost none of the estunated points falls beyond the smoothly drawn C U.X V GS. To use

the above described method for the estimation of^ylase quantities, it is necessary that the amylase acts on aso ution of pure starch to form maltose (I used quot;Kahlbaumquot;soluble starch p.a.). For the sake of comparison the sai^i^sshall be treated m exactly the same way: all auantities nfsolutions shaU be the same and so the time ofhyTc??y^andof sugar oxidation and, of course, the temperature must bekept as constant as possible all the tune ^e amylase is extracted from the tissue (for details seeÂ§ 5), and consequently the amount of amylase depends on the quantity of tissue extracted. Incomparing the amylase contentsof two pieces of plant tissue itis therefore necessary to reducethe quantities of amylase estim-ated to the same weight of tis-sue. Yet in this reduction is adifficulty, due to the nature ofthe hydrolysing process. The ge-neral shape of the

curve, repres-enting the course of the processof hydrolysis â€” forming sugarsthrough the action of amylaseout of starch â€”, is reproducedin figure 11 (Exp. 01). It canbe seen that the curve of the



??? sugar production starts almost linear, then bends slowly to acertain limit, the level of which is determined by the quantityof starch available for hydrolysis. One might also say: thequantity of amylase determines the rate of sugar-forming untilthe quantity of available starch becomes the limiting factorm the process. In most of the graphs on the next pages oneeasily recognizes the theoretical shape of the hydrolysis curve.This shape is the result of the quantity of maltose formed pertune unit, whilst this quantity continuously depends on thequantity of the available starch-amylase complex (SE). Duringthe first part of the process of hydrolysis the concentration ofthe starch is very high relative to that of the amylase and thequantity of SE formed per time unit will be constant. The firstprt of the curve is a straight line. As soon as the starch quantityhas decreased

below a certain limit, besides the amount ofamylase also the amount of starch will affect the rate of theprocess S E SE; the reaction-velocity slowly decreases un-til the amount of enzyme has become high relative to that ofthe starch and then, at the end of the reaction, the curve willbe almost a straight line again. In several cases I have clearlynoticed such a theoretical course of the hydrolysis curve. â€”If hydrolysis lasts for a very long time the amount of sugarsproduced decreases again; it is not with certainty known towhat kind of processes this is due. If the reduced values lie in the sphere of influence where theavailable starch quantity is limiting factor, a reduction of the Fig. 12. The influence of reducing the determined values to the sameweight of tissue on the shape of the curve,ordinate: sugar in mm'' thio sulphate,abscissa: time in hours.



??? values to the same weight of tissue will give a false idea ofthe amylase activity. This is demonstrated by the experiment02, in which two pulvini were cut into thin slices; these weremixed and divided into two unequal parts, each of which wasweighed and extracted in the usual way.Exp. 02. Extraction at 0Â° C. for 24 hours.2 pulvini sliced and divided in: b - 11,7 mg tissue, extracted in 170,8 mmquot; buffer pH 5,9.c - 15,6 mg tissue, extracted in 170,8 mmquot; buffer pH 5,9.results hydrolysis in table 4 and in fig. 12. TABLE 4. Reduction to the same weight of tissue. time ofhydrolysis IhlO2 h4 h7 h13 h 2,674,558,4010,9512,00 2,674,558,4010,9512,00 3,576,139,9812,3512,60 2,674,597,499,269,45 It always has been a puzzle how to express the quantity orthe activity of enzymes. Generally one is accustomed to comparethe quantities of sugar formed by

hydrolysis in a definite time.It will be evident from the last experiment that the applicationof this procedure may lead to completely false values on therelative amylase activities, when not the greatest precautionis taken. This will be demonstrated in the next experiment:Exp. 03. Extraction at 0Â° C. for 24 hours.2 pulvini extracted in 88,4 mmquot; buffer pH 5,9.ai â€” undiluted extractnbsp;â€” amylase content x 32 â€” diluted: 3 aq. dest.: 1 a^ â€” amylase content 1/4 xag â€” diluted: 3 aq. dest.: 1 ag â€” amylase content 1/16 x. TABLE 5. Appreciation of amylase activity. ratio: al samples:a2 a3 actual ratio 16 : 4 : 1 1 read from hydrolysing 1 hour 16 : 4 : 1 the graphafter: hydrolysing 2 hours 12,5 : 4 : 1 hydrolysing 4 hours 7 : 3,7 : 1



??? In the table 5 I have compiled the ratios of amylaseactivity as can be read from fig. 13, considering several periodsof hydrolysis. It appears clearly from this experiment that for com/paringamylase quantities it might be the best to compare the slope ofthe hydrolysis curve in its initial part, viz. expressed in thetangent of the angle curve/abcissa. In many of the experiments described in the next paragraphsit will be seen that the hydrolysis curve at the hour 0 does not start at zero. This is due to an initial sugar content of the extractor of the substrate (starch solution), in most cases of the extract.To eliminate these errors one should always try to estimate twopoints of the first straight part of the curve. For a full application of the procedures explained above maybe referred to the experiments 68 and 69, p. 809.



??? Â§ 5 Methods of extraction and hydrolysis Since the quantity of amylase extracted from the tissue isestimated by the quantity of reducing sugars, formed by hydro-lysis of starch, it is necessary to keep in mind that the quantityof sugars determined is not a measure for the amylase quantitywithout comment. The quantity of reducing sugars, formed from starch by hydro-lysis through the action of amylase, depends on:I. the quantity of amylase, II. the conditions under which hydrolysis takes place.I. The quantity of amylase on its turn depends onthe conditions under which the extraction of the tissue happens,,viz.: the Uquid in which the amylase is extracted,the way of fixing the tissue,the way of crushing the tissue,the temperature,the time of extraction,the activation by various substances). a. b. c. d.e. (f. 1) See note on p. 789.



??? Of all these factors I had to determine the effect on thesugar quantities finally measured. a. As liquids to extract amylase from the plants I compareddistilled water and buffer solutions of various composition. Exp. 11 gives the result of a comparison between the extractionm aq. dest. and in a phosphate buffer of pH 5,9.Extraction at 0Â° C. for 27 hours,a â€” 25,3 mg tissue in 170,8 mmÂ? buffer pH 5,9b â€” 19,7 mg tissue in 170,8 mmÂ? aq. dest.results in table 6 and in fig. 14. TABLE 6. Influence of extraction liquid. time of hydrolysis a b Ih40 , 5,79 4,58 2,14nbsp;2,17 2hl0 6,85 5,42 2,55 1nbsp;2,59 12h50 13,32 I - 10,27 |nbsp;10,60 1 ' Exp. 12 shows that extraction in buffer pH 5,9 givesnbsp;a higheryield than that in buffer pH 10,5;Extraction at 35Â° C. for 6 hours,k â€” 16,9 mg tissue in 170,8 mmÂ? buffer pH 5,91 â€” 23,7 mg tissue in 170,8 mmÂ?

buffer pH 10,5.results hydrolysis in table 7 and in fig. 15. _TABLE 7. Influence of extraction liquid. m time ofhydrolysis 30 min.nbsp;4,14nbsp;4,89 \ 3,98nbsp;3,36 180 min.nbsp;4,98 I 5,90 j 5,05 j 4,26 b. In order to stop as abruptly as possible the metabolic pro-cesses of the tissue, I looked for a method of fixing the tissuebefore or perhaps during the extraction. Preliminary experiencehad already tought me, that ether doesnot affect the amylase,while alcohol does. The following experiments were made to control these effects*Exp. 21. Extraction at 0Â° C. for 4 hours. a â€” 7,9 mg tissue from IQi'SO â€” 14^30 in 170,8 mmÂ? bufferpH 5,9. b â€” 7,7 mg tissue from 10^30 â€” 12^00 in 44,2 mmÂ? ether and from 12^00 â€” 14^-30 in 170,8 mmÂ? buffer pH 5,9.results hydrolysis in table 8 and in fig. 16.



??? 0 ! 2 J * Â? 6TABLE 8. 9 8 9Influence of ether. time ofhydrolysis a b 2h308h3021hOO 3,299,6412,98 4,1212,20 3,7210,7613,42 4,8313,94 Exp. 22. Extraction at 0Â° C. for Gj^ hours, of which first 1 hourin fixative. a â€” 10,1 mg tissue in 44,2 mm^ alcohol 96%, then in 170,8mmÂŽ buffer pH 5,9 b â€” 10,4 mg tissue m 44,2 mm^ ether, then in 170,8 mm' bufferpH 5,9 results hydrolysis in table 9 and in fig. 17. c. The common way in which I prepared the pulvini beforeextracting them, was to cut them into thin slices. I compared



??? TABLE 9. Influence of alcohol and ether. time ofhydrolysis a b OhOOIhSO7h0020h00 1,532,784,157,08 1,522,754,107,02 0,433,0310,0213,72 0,412,899,63 this way of extraction to a crushing of the shced tissue in theextraction-vessel (with a glass-stamper). Experiments 31 and 32show the results of this comparison: Exp. 31. Extraction at 35Â° C. for hours,a â€” 40,0 mg tissue in 170,8 mmquot; buffer pH 5,9, in slices.b â€” 35,9 mg tissue in 170,8 mmquot; buffer pH 5,9, crushed.results hydrolysis in table 10 and in fig. 18. The influence of crushing the tissue. See text. Ordinate: sugar in mm'thiosulphate, abscissa: time in hours.



??? TABLE 10. Influence of crushing the tissue. time ofhydrolysis a b lh303h00 4,865,35 4.865,35 1 5,456,04 6,076,73 Exp. 32. Extraction at 0Â° C. for 16 hours,k â€”28,2 mg tissue in 170,8 mm^ buffer pH 5,9, in slices. 1 â€” 17,8 mg tissue in 170,8 mm-' buffer pHnbsp;5,9, crushed.results hydrolysis in table 11 and in fig. 19. TABLE 11. Influence of crushing the tissue. time ofhydrolysis k 1 1 h 3,30 2,92 5,17 7,25 2 h â€” â€” 5,54 7,78 3 h 5,18 4,59 â€” â€” d, e. The influence of the temperature on the quantity of activeamylase, extracted from the pulvinus, often was investigated incombination with the effect of the time of extraction. Exp. 41. Extraction for 12^/2 hours,a â€” 1 pulvinus in 170,8 mmÂŽ aq. dest., at 35Â° C.b â€” 1 pulvinus in 170,8 mmÂŽ aq. dest., at room-temp. {18Â° C.)results hydrolysis in table 12 and in fig. 20. tOr



??? time ofhydrolysis IhSO5h00 The experunents 31 and 32 show that the same order ofvalues is reached with the extraction at 35Â° C. and that of0Â° C., though of course the extraction times are not the same.Eocp. 42. 2 pulvini in 341,6 mm' buffer pH 5,9, at roomtemp.The amylase content is estimated after 6, 8 and 113^ hours ofextraction; hydrolysis for Ij/^ hours,results hydrolysis in table 13 and in fig. 21. 3,846,37 8,358,69 tabu: 12. Influence of temperatiire. The influence of the timeof extraction. See text.Ordinate: sugar in mm' thio-sulphate, abscissa: time in hours. hours / 8 hours / / 6 hours r 1 1 0 1Fig. 21. TABLE 13. Influence of extraction time. time of time of extraction: hydrolysis 6 8 11V2 hours lh30 1,60 2,12 3,00



??? Exp. 43. Extraction at 0Â° C.31,1 mg tissue in 170,8 mmÂ? buffer pH 5,9.Extraction-time Ij^, 3 and 4 hours.Results hydrolysis in table 14 and in fig. 22. TABLE 14. Influence of extraction time. time of extraction: IV2 3 4 hoirrs time ofhydrolysis (lh30) 11,05(2h45) 14,13(4hl5) 14,55 (lh30) 12,25(3h00) 14,40 (IhOO) 12,73(2h00) 14,58 The amylase quantity after these three extraction times maybe compared from the curves representing the rate of hydrolysisExp. 44. Extraction at 35quot;= C.nbsp;j' o- â€? a â€” 18,5 mg tissue in 170,8 mmÂ? buffer pH 10 5b â€” 23,7 mg tissue in 170,8 mmÂ? buffer pH 10 5a â€” extracted for hours, b â€” for 6 hours.' 'Results hydrolysis in table 15 and in fig. 23. Fig. 23 -^e influence of the time of extraction. See texl Ordinate: sugarm mms thiosulphate, abscissa: time in hours. Fig. 24. The influence of papayotin. See text.

Ordmate: sugar in mmÂ?thiosulphate, abscissa: time in hours. TABLE 15. Influence of extraction time. time ofhydrolysis a b IV2 h3 h 4,015,17 4,335,58 3,985,05 3,364,26;



??? The injurious effect of the longer extraction time probablymust be due to the high temperature during the extraction.?’. In one experiment only I examined the activating influenceof papayotin; since this aspect of the enzymatic reaction wasof no interest to me, I did not continue my experiments in thisdirection. Later on I never have used the stimulating effect (thatwill be shown below) of the papayotin. Exp. 51. Extraction at 35Â° C. for 23^ hours,a â€” 18,5 mg tissue in 170,8 mmquot; buffer pH 10,5.b â€” 19,9 mg tissue in 170,8 mm' buffer pH 10,5,Results hydrolysis in table 16 and in fig. 24. papayotin. TABLE 16. Influence of papayotin. time ofhydrolysis 5,556,03 5,526,00 4,335,58 IV2 h3 h 4,015,17 II. Conditions during hydrolysis. The temperature determines the rate of starch hydrolysis.For completeness' sake this may be demonstrated by the resultsof

the experiment 55, which follow below: Exp. 55. Extraction at 0Â° C. for 16 hours.22,1 mg tissue in 170,8 mmquot; buffer pH 5,9.Results hydrolysis in table 17 and in fig. 25. TABLE 17. Influence of temperature on hydrolysis. temp. time of hydrolysis: Ya 3% 6VJ 11 hours 35Â° C.0Â° C. 5,072,27 5,263,29 5,694,54 5,695,05 5,30 Another factor of importance in hydrolysis is the hydrogen-ionconcentration. This subject will be dealt with in detail in thenext chapter. Â§ 6. Amylase content of upper- and lower half of the pulvinusin various positions of the leaf. ') The original assumption, leading to the extensive study of Â?) See note on p. 789.



??? amy ase-extraction methods, was that the mechanism of move-ments of variation possibly might be simply explained if theamylase content of both halves of the pulvinus would p'rove tobe unequal in various positions of the leaf. Lfnbsp;a series of experiments to examine t^Squot;'nbsp;quot;quot; difference between both halves could beTe! The dependency of the activity of the pulvinar amylases onseveral enyiromnental influences (e.g. temperature hydrogen^n^concentration) urged me to do the experiments in^arLs Exp. 61. a â€” 15,1 mg upper half in 170,8 mmÂŽ buffer pH 5,9 1 ~ i^onbsp;^^^^nbsp;mm- buffer pH 5 9 ~ o170,8 mmÂŽ buffer pH 59m â€”18,9 mg lower half in 170,8 mmÂŽ buffer pH 59Beginning of the extraction: a and b â€” 0h30(extr for 6 hours)nbsp;k and m - 14h00. Kesults hydrolysis in table 18 and in fig. 26.



??? TABLE 18. Amylase content of upper and lower haK. time ofhydrolysis a h k 1 IVs h 3,203,60 3,353,54 4,144A7 4,634,17 3 h 4,324,86 4,604,85 4,985,01 5,72 5A4 There is a striking conformity in this experiment between theamylase content of the upper and of the lower half, both atO^'SO and at 14i'00; the smn of the amounts of amylase of bothhalves seems to differ to a certain extent at different times.This, however, can be attributed to the fact, that the pulvini atO'^SO and at 14''00 were from two different plants and it is awell-known fact, that two individuals need not contain the sameamount of active amylase'). In this connection it may be emphasized that this divergencytoo is another reason (besides that already mentioned in Â§ 4of this chapter) why the figures, representing the estimated Â?) I refer, for mstance, to a remark of Oparin (1934):

quot;Wir sehen demnach,dasz die Aktivit?¤t irgendeines Ferment ('z.B. der Amylase oder Invertase)keinen f??r eine bestimmte Zelle charakteristischen, konstanten Wert vor-stellt. Die Fermentaktivit?¤t erf?¤hrt im Gegenteil under dem Einflirsz innererund ?¤uszerer Faktoren weitgehende, rasch ablaufende, reversible Ver?¤nde-rungenquot;.



??? quantity of reducing sugars, cannot be mutually compared inmore than m one experiment only. Exp. 62. Extraction at 0Â° C. for 5 hours, beginnmg 7^00 k - 11,8 mg upper half of 2 pulvmi m 170,8 mmÂ? buffer pH 5,9 inbsp;^^^ 2 pulvmi in 170,8 mmÂ? buffer pH 5,9 Kesults hydrolysis m table 19 and in fig. 27.nbsp;^ - â–  TABLE 19. Amylase content of upper and lower half. time ofhydrolysis h I'A h1% hh 4,869,5212,2013,85 4,949,6712,4014,18 5,769,9312,6513,60 5,239,0211,5012^5 In this experiment the reduction of the figures to the sameweight of tissue leads to a divergency in the curves (see graph)which, however, is not essential at all. Only in this case fhave calculated and plotted the reduced values completely todemonstrate the conformity of these two divergent curves tothat ot exp. 02 (Â§ 4). Exp. 63. Extraction at 0Â° C. for 5 hours,

begmning IQhlS.a â€” 12,5 mg upper half m 170,8 mmÂ? buffer pH 5 9b â€” 12,8 mg lower half in 170,8 mmÂ? buffer pH 5 9Results hydrolysis in table 20 and in fig 28



??? TABLE 20. Amylase content of upper and lower haK. time of b hydrolysis 3 1 h 9,79 9,79 6,45 6,30 31/2 h 14,70 14,70 12,85 12,80 Exp. 64. Extraction at 0Â° C. for 5 hours, beginning S'^OO.a â€” 10,8 mg upper half in 170,8 mmÂŽ buffer pH 5,9.b â€” 10,6 mg lower half in 170,8 mmÂŽ buffer pH 5,9.Results hydrolysis in table 21 and in fig. 29. TABLE 21. Amylase content of upper and lower half. time ofhydrolysis a b V2 h1 hIV2 h 4,476,137,60 4,476,137,60 4,055,857,45 4A35,967,59 In this experiment the mitial sugar lt;seems to have been rather high (see Â§ 4).



??? Exp. 65. Extraction at 0Â° C. for 4 hours, beginning 10^30.a â€” 7,9 mg upper half in 170,8 mmquot; buffer pH 5,9.b â€” 8,8 mg lower half in 170,8 mmquot; buffer pH 5 9c â€” 7,1 mg upper half in 170,8 mmquot; buffer pH 5,9.d â€” 7,7 mg lower half in 170,8 mmquot; buffer pH 5 9Results hydrolysis in table 22 and in fig. 30. TABLE 22. Amylase content of upper and lower half. time ofhydrolysis 3,293,33 2,16_2,078,467,69 12,71 2,753A09,02quot; 10,27 2V2 h 3,723,8710,76 1148 9,649,76 8V2 h 21 12,98 13,12 13,42 ^e apparent difference in amylase content between bothpulvinar halves, at least partly, might be the effect of a differ-ence m initial sugar content of the extract or of the starchsolution used for hydrolysis. Exp. 66. Extraction at 0Â° C. for Sj^ hours, beginning 8'gt;30.a â€” 8,8 mg upper half in 170,8 mmquot; buffer pH 5 9b â€” 10,4 mg

lower half in 170,8 mmquot; buffer pH 5 9Results hydrolysis in table 23 and in fig 31 Fig. 31. Amylase content of up-per and lower half. See text.Ordinate: sugar in mmquot; thio- _â€”sulphate, ' ^ ^ * s e ? s abscissa: time in hours. TABLE 23. Amylase content of upper and lower half. time ofhydrolysis IV2 h7 h20 h a 2,319,1713,79 2,499^0 3,0310,0213,72 2,779,32



??? Exp. 67. Extraction at 0Â° C. for 6 hours, beginning 81=15.a â€” 12,6 mg upper half m 170,8 mm' buffer pH 5,9.b â€” 12,4 mg lower half in 170,8 mm' buffer pH 5,9.c â€” 10,3 mg upper half in 170,8 mm' buffer pH 5,9.d â€” 10,7 mg lower half in 170,8 mm' buffer pH 5,9.Results hydrolysis in table 24 and in fig. 32. TABLE 24. Amylase content of upper and lower half. time ofhydrolysis 2 h VVs h19Ve h 1,044,5410,53 1,605,7711A6 2,007,4212,48 1,786,7611,85 (The figures have not been reduced to the same tissue weight, becausethe differences in weight between the two halves of one pulvinus areminimal). In two experiments the amylase content of upper and lowerhalves was measured during 24 hours (every 6 hours an extract-ion was started). The extraction happened at 0Â° C. for 2 hoursin 44,2 mm' ether, then for 22 hours in 170,8 rmn' buffer pH

5,9.



??? a -17,1 mg upper half b â€” 16,3 mg lower half c â€” 13,0 mg upper half d â€” 15,9 mg lower half e- â€” 20,4 mg upper half f â€” 24,2 mg lower half g â€” 25,0 mg upper half h â€” 21,3 mg lower half each sample fromtwo pulvini. Exp. 68.at 6h00 at 12h00 at IBhOO at 24h00 The sugar formed by hydrolysis was estimated in each pair ofextracts after 1, 3, 5, and 34 hours, to be sure that thepart of the curves used for comparison still is below the bendingof the hydrolysis curve. Only the curves of one pair of extracts(e and f) are given as an example of this procedure (fig. 33). __ --0/ ' f e - 20.2 mg III 1 1 1 1 1 . f - 24,2 mg 1 1 1 1 1 1 1 ; 1 m n V, W fS 20 22 2U 26 26 X 32 M Fig. 33. For explanation see text. Ordinate: sugar in mm'' thiosulphate,abscissa: time in hours. Results of hydrolysis (after 1 and 3 hours, and all reduced tothe same weight of 17,1

mg) in table 25 and in fig. 34. To give an easy survey, I represented the amylase activity by TABLE 25. Amylase content during 24 hours. time ofhydrolysis a b c d e f 1 ^ h 1 h3 h 1,804,90 2,185,77 2,175,31 1 2,741 6,69 2,365,52 2,706,36 2,595,73 2,736,14



??? the tangent of the angle between the hydrolysis curve and theabscissa in the graphs. In this way a single figure expresses thedifferences in amylase activity between the upper and the lowerhalf of the pulvini. At the same time eventual errors by differ- 6''00 ngt;'m 1S''00 ^quot;00 - jd /?’ b ,h - / ^ Y /' ' ,s - Igb- 1.78 // i â€? // t9f- t.80 / tg h . 1.68 tga â€? 1.5* '/ tg c- 158 tg e - 158 Ig g â–  1.55 1 O.U 1 0,37 lt; 1 1 1 o.n 0.13 .1 1 'nbsp;Jnbsp;13nbsp;13nbsp;t Fig. 34. Amylase content during 24 hours. See text.Ordinate: sugar in mmÂ? thiosulphate,abscissa: time in hours. ences in the initial sugar content of the extracts are eliminated.The slope of the amylase-activity curve is a better standard forthe amylase activity than e.g. the quantity of sugars formed byhydrolysis in a certain period. At all four hours chosen the lower half appears to have ahigher amylase

content than the upper half, although the differ-ences were small. For the values see fig. 34. The values calculatedfor the upper halves (expressed in the tangents described above)prove to be strikingly equal in all four cases.The same procedure was repeated in Exp. 69.at OhOO at 6h00at 12h00at 18h00 each sample fromtwo pulvini. a â€” 11,1 mg upper halfb â€”13,2 mg lower halfc â€” 25,6 mg upper halfd â€” 19,7 mg lower halfe â€”15,8 mg upper halff â€”15,9 mg lower halfg â€” 18,3 mg upper halfh â€” 16,9 mg lower half



??? Results of hydrolysis (all reduced to the same tissue weight of15,7 mg) in table 26 and in fig. 35. TABLE 26. Amylase content during 24 hours. time ofhydrolysis a b c d e { 1 g h 1 h2 h 3,085,52 2,424,40 2,073,52 2,734,81 2,344,03 2,65 14,39 1 2,95 542 3,726,60 The values for the amylase activity and for the differences inamylase activities between the upper and lower halves can beread from fig. 35. 0^00 6'^00 n^oo 1??''00 .h la / ,d ?€ / Y / f / / f/e /1 - .c // ! - 1) tga = IM // tgc â–  /.Â?J // ig e ' 10 tgg= 2,n tgb -- 1.98 tga -- 2, Ob tgf ' 1,?4 igh-- 2,8S 0M6 1 1 1 1 -0,63 -0,05-1-1_ -0,71 1 1 Fig. 35. Amylase content during 24 hours. See text.Ordinate: sugar in mm' thiosulphate,abscissa: time in hours. Â§ 7. Discussion and conclusions. Summarizing the results of the experiments in this chapter,I have shown that amylase is present in the pulvini of

Phaseolus',further where it occurs and how the method of extraction affectsthe finally measured quantity of reducing sugars, formed byhydrolysis from soluble starch. For extracting, buffer solutions of a certain pH proved toyield a higher amylase content of the extract than distilledwater. I, therefore, further always used a buffer solution (ofpH 5,9) as extraction liquid.



??? It has been stated by Oparin and Riskina (1932) that ex-tractions in buffer (they used a buffer solution of pH 8,0 afterMc. Ilvaine) show a much higher amylase content than ex-tractions in water. They suppose, that in the first case the totalquantity of enzyme (also the inactive part) is extracted fromthe tissue, while in the latter only the active enzyme compound(s)enters into the extraction solution. They remark further, thatfor this reason the daily changes in amylase activity of leaveswould not be observable when extraction happens in a buffer,while extracting in water would reveal differences. I found this information at a time, when all my attemptsto state a difference between the amylase contents of bothpulvinar halves had already been made. Besides, it still remainsopen to doubt whether the changes in amylase activity underthe influence of hydrogen-ion

concentration in the tissue (theimportance of which will be described in chapter VII and VIII)ever might be reflected in the amylase content of extracts,independently of the extraction liquids used. The reason why I used ether to start the extraction in mostof the experiments, was to kill the tissue without destroyingthe amylase from the tissue. Crushing the tissue instead of only slicing it yielded amuch higher demonstrable quantity of amylase. Yet I have neverused this method in estimations where a high degree ofaccuracy was desired, because it proved impossible not to alterthe total quantity of tissue already weighed, in removing fromthe liquid the glass-stampei used for crushing. A perusal of the results of the experiments on the influenceof the temperature and the time of extraction on the amylasecontent of the extract will show that the higher the

temperatureand the longer the time of extraction, the higher the amylasecontent. Still I hesitated to extract at a high temperature andfor a long time, because it is uncertain whether one doesnot partially destroy the enzymes (though raising their activity). It is known from literature that most of the enzymes aregradually losing their activity, when extracted from the livingtissue, while also many enzymes are known to be very sensitiveto too high or too low temperatures. Therefore I have appliedseveral temperatures and different times of extraction, whentrying to find a difference in amylase quantity between theupper and the lower half of the pulvinus. These latter attempts have not been successful. In some casesa difference was found but reverse results were so frequent.



??? that no sufficient proof is present, to maintain the possibilityof differences in amylase quantity between both halves as aprobable means for explaining the mechanism of the movements. CHAPTER VII. Hydrogen-ion concentration. Â§ 1. H -ion concentration and amylase activity. It is a well-known fact that the activity of enzymes ishighly dependent on the concentration of certain ions, amongwhich H-ions play the most important part. In literature the influence of H-ion concentiation on amylaseactivity has repeatedly been investigated. An extensive reviewis given bij Oppenheim (1936). Ahnost all investigators havedescribed an optimum-curve. The subject has thoroughly beeninvestigated by Van Klinkenberg (1932), who estimated thepH optimum-curves for both Â?- and /S-amylase (from malt).Of all types of amylases, hitherto examined on their

activityin different H-ion concentrations, the pH optima lay betweenpH 4 and pH 6. In some cases the range of optimal activityis wide, in other cases it is only a minor part of the investigatedH-ion concentration traject. In view of the dependency of the amylase activity on pH,I decided to determine the pH activity curve of the pulvinaramylase, in order to see whether these data somehow mightreveal a relation with the phenomena of reversible volumechanges. Of course I expected to find a pH optimum-curvewith one optimum at about pH 5, and so I wondered, whenfinding a two-peaked curve, or, if one prefers to say so, acurve with a very broad optimum (from pH 4 to pH 7) anda sinking near pH 5,8 â€” 6,0 (see fig. 36). Experiments. In 9 experiments I examined the activity of the pulvinar amylase extract in media of various hydrogen-ion concentrations

The results of two of the experiments are reproduced ffisquot;36 and fig. 37).nbsp;i-nbsp;v s- The hydrogen-ion concentrations were obtained in usingbuffer solutions after Mc Ilvaine; the buffering compoundsare 0,1 mol citric acid and 0,2 mol Na2HP04. The pH's obtainedwith the aid of these buffer solutions cover a range fromabout pH 2 to pH 8. The values of the pH were controlled



??? colorimetrically or, in some cases, by means of a chinhydrone-electrode. The pulvini were extracted first in ether and then indistilled water. No buffer was used here, to prevent shiftingof the pH of the solutions in which hydrolysis had to occur.Since rather large quantities of extract were required in theseexperiments, in some cases I made the extract from a mixtureof petiolar and pulvinar tissue; no deviations as comparedwith plain pulvinar extracts were noticed. The extracts were filtered through a glass-filter, in orderto avoid inaccurate readings by slight contaminations in thesolutions. â€” In the experiments described below all quantitiesused are exactly mentioned. Exp. 71. Extracted 1 g petiolar and pulvinar tissue (cut into thin slices) in 5 cmÂ? aq. dest. â€” temp. 35Â° C.Extraction-time: ether 30 minutesaq. dest. 150 minutes



??? Quantities iised in hydrolysis:76,2 mm' extract 170,8 mmquot; buffer 1% soluble starch. results: (see fig. 36) TABLE 27. Amylase activity at various pH time ofhydrolysis pH:2,0 2.8 4.0 5.0 6.0 7.0 1 h 0 1,45 2,35 2,55 2,45 2,65 2 h 0 2,70 3,90 4,20 3,75 4,45 7V2 h 0 4,15 5,15 5,05 , 4,15 5,85 Exp. 72. Extracted 265 mg pulvinar tissue in 1.30 cmquot; aq. dest â€”temp. 35Â° C. Extraction-time: ether 30 minutes, aq. dest. 150 minutes.Quantities used in hydrolysis:58,6 mmquot; extract 126,4 mmquot; buffer 1% soluble starch. 6- after 100 win.after mm 4 - 3 - 2- 1 - ph ') In tables 27, 28 and 29 the figures represent the quantities of reducingsugars, formed by hydrolysis, expressed in mmÂ? thiosulphate.



??? results: (see fig. 37) TABLE 28. Amylase activity at various pH. time ofhydrolysis pH: 3.0 5.2 5.6 5.8 6.0 7.0 7.6 5 min. 0.30 0.60 0.50 0.60 0.60 0.60 0.40 40 min. 2.60 â€” 3.90 3.70 4.00 3.80 3.60 100 min. 3.00 4.40 4.20 4.05 4.20 4.50 4.50 Since I did not investigate whether a- or /?-amylase waspresent in the pulvinar extract '), I am fully aware that onemay argue that the presence of both amylases may acount forthe two-peaked curve. I believe that this cannot be the case,since Van Klinkenberg (1931) has shown that, though thecurve of ;8-amylase has its optiminn at pH 4,5â€”5,2, the optunumof the a-amylase curve (pH 5.8â€”^6.0) just falls in the sinking ofteh pH-activity curve of the pulvinar amylase (see figs 36 and 37). A much more serious objection might arise from the methodused in estimating the sugars formed by hydrolysis. This

methodallows the estimation of the quantities of quot;reducing sugarsquot;and therefore, besides maltose, its cleavage product (glucose)might also be determined. Now the enzyme maltase, whichsplits up the maltose in twice as much glucose, acts optimallyat a pH of about 7-8. Thus, the two-peaked curve might becaused by the action of maltase, partly hydrolysing the maltoseformed by the amylase from the starch. One molecule maltose(with one reducing bond) forms two molecules glucose (eachwith one reducing bond). At pH 5,5â€”6,0, where the activityof the amylase decreases, that of the maltase is increasing.If the pulvinar extract contains maltase, this fact wouldneutralize the effect of the decrease in amylase activity. To control this posibility, I have examined the extract on itsmaltase content. Using extremely pure maltose (quot;Kahlbaumquot;

p.a.)as a substrate, no maltase appeared to be present in theextract. One of three experiments is reproduced here.Exp. 73. Extracted 100 mg pulvinar tissue in 500 mm' aq. dest. â€”temp. 35Â° C. Extraction-time: ether 30 minutesaq. dest. 150 minutes 1) I was interested only in the activity of the extract as such at variousH-ion concentrations. Whether this activity has to be ascribed to one ormore different amylases is a subject for a special detailed enzymatic study.



??? Quantities used in hydrolysis:58,6 mmÂŽ extract 126,4 mmÂ? buffer -f 1% maltose (or 1% starch)TABLE 29. Maltase not present in the extract. time ofhydrolysis pH:4.6 7.0 105 0 min.60 min.180 min. 6,956,936,90 7,407,407,70 6,406,687,15 substrate:Maltose 0 min.90 min 0,007,67 substrate:Starch Though, as I have already mentioned, generally only onesingle pH-optimum has been described for amylases in literature,I have found some indications as to the occurrence of two-peaked pH curves. Orru (1930) described a pH optimum at5,2â€”5,4 and a second, though less prominent one, at 6,4â€”6,6.Giri and Sreenivasan (1937) reported on the amylase systemof the rice-kernel that the pH-optimum of j8-amylase lays at4,5â€”5,1 and that of a-amylase at 6,4â€”7,1. Bois et Nadeau (1936)estimated the quot;neutral pointsquot; of amylase and found

that theselay at pH 4,6â€”4,9 and at 6,5â€”6,7. It thus appears that the phenomenon reported by me standsnot alone. It would be useless to try to explain the two-peakedcurve of the amylase activity; to this purpose it would benecessary to investigate in detail which types of amylase arepresent in the extract and how their activity is at varioushydrogen-ion concentrations. An explanation, however, is at, yet not of special interest tome; the important thing is that the pulvinar amylase is lessactive at pH 5,8â€”6.0 than at both higher and lower hydrogen-ionconcentrations. Still there is one thing to be considered: the amylase contentof the tissue must be much higher than that measured in theextracts, since in extracting one dilutes to a high degree theoriginal amylase concentration. It seems probable, that theextract is at least about 5X diluted as compared to

thetissue. ') Viz. in exp.'s 71, 72 and 73 a certain weight of tissue is extracted in5 x as much water!



??? This being the case, also the amylase activity of the tissueat any pH must be about 5X higher, and it will be clear thatthe shape of the amylase activity curve, given in fig. 36, isonly a faint reflection of the activities of the actual amylaseconcentration in the tissue. To realize what this means, we want to compare for instancethe amylase activity at pH 5,8 with that at pH 6.5. The same difference in the amounts of produced sugar, plottedin figs. 36 and 37, would have been obtained in at least 1/5of the time at a concentration of amylase as present in thetissue. Further it also may be probable that the differences wouldbe much more pronounced. Â§ 2. H-ion concentration of the tissue. It cannot be denied that, up to now, it has not been possibleto measure the pH of the cell sap in a tissue. Yet it seemednecessary to me to try to get some information on the pHin

the pulvinar tissue. Direct measurements, of course, wereout of question. One of the great difficulties met with, is the small quantityof juice of which the H-ion concentration is to be determined. Since I was once accustomed to the use of micro test tubesand micro-pipettes, I applied these tools for a colorimetricalmethod of comparing H-ion concentrations. To this purpose Imade a colour standard for several pH-indicators, viz. methylred,bromthymolblue and bromcresolpurple. For preparing the scaleI used buffer solutions of citric acid and Na2HP04 (Mc Ilvaine; TABLE 30. (for explanation of the characters see text). indicator: bromcresolpurple methylred bromthymolblue pH No. -lt;-(k( aq. dest.-lt;-W. d red 4,705,085,295,836,286,666,877,287,72 I n ni rv V VI vn vm DC yellow yellow -lt;-k c-Â?b-lt;-Â?( tap-water a yellow violet blue



??? l! fnbsp;P-nbsp;indicator a series of tubes was filled with 126,4 mmquot; buffer solution and 9,4 mmquot; mdicatSsolution, the pH of the buffers being controlled Xad S achinhydrone-electrode. The series used for the three tyj^ ofindicators are given in full in table 30.Also some tests are given in that table. Most of the observations s^So^v^hr^mtr^^^^^^ a.nbsp;pulvinar tissue, pressed out in tap water, changed thecolour from purely yellow (tap water) to the blue side. b.nbsp;pulvinar tissue cut into slices and extracted in tap waterVlTdnbsp;^^^nbsp;-de (Ltween by means of a glass-stamper. The colour shifted still more toyellow, now being between V and VI. In the experiments with bromcresolpurple, distilled waterwas used to extract the tissue. Distilled L er itself sitedwith a nearly yellow colour as soon as water and indicatorhSbeen brought together;

however, its colour changed ratherrapidly to completely violet. Now, in observating the c^changes brought about by the tissue in aqua destUlatr^^s roke me that the colour of the latter did not hife' a titernbsp;^nbsp;^ith plain distilled d and e represent the colour given by the juice of the pulvinartissue (the pulvmus first being cut up into thin sliLs) Ssome cases the colours obtained were between IV and V(d), but in most of the experiments the pH of the extractedjmce was between 6,28 and 6,66. It has been attempted to determine too whether a differencem pH of the upper- and the lower half might be detected, but Inrirrquot;nbsp;^ difference; probably it will not be possible to detect any differences in H-ion con-centration between both sides by means of this crude metSConcZus^ns; Generally the value of pH in the extracted eelsap was found at about pH

6,5. - Since in extracting theelectrolyte solutions of the cell sap have considerltybeendduted, the actual value of the pH of the cell sap in the tissS



??? must be less than 6,5. It depends on the buffering capacity ofthe cell sap how much the actual value has changed by diluting.Therefore we may conclude, that the pH of the cell sop probablylies between 5,5 and 6,5 (assuming a maximal dilution of 1: 10in extracting). No differences in pH of the upper- and lower half of thepulvinus could be demonstrated with this method. Â§ 3. Shifting of H-ion concentration recorded by measurementsof potential differences. Since more than a year J. B. Thomas is engaged withmeasurements of P.D.'s in several plants. When he proposedme to proceed to measurements of the P.D. of the petioleand the pulvinus of Phaseolus multiflorus, I have eagerlyaccepted that proposal, since no means should be neglected whichperhaps might throw new light on the mechanism of themovements. So we started to investigate whether

a relation could befound between the movements of the leaves of Phaseolusmultiflorus and the P.D. variations in the motile pulvini. Whensuch a relation had been stated, it seemed interesting toexamine to which extent the P.D. variations could be explainedas concentration effects. The method of measuring potential differences was describedin a previous paper (De Groot and Thomas 1938). I will shortlyreport the experiments which are of special interest for anexplanation of the motile mechanism. In 11 experiments we measured the P.D. in petiole andpulvinus four times a day. At the same time the movement ofthe leaf was registered. The distribution of the potential in thepetiole appeared not to be related with the movement, while justin the pulvinus such a relation exists. The results of one ex-periment are reproduced in fig. 38. In all experiments a shifting

of the quot;potential levelquot;,synchronous with the movement, was found in the pulvinus.The results of this series of experiments show that a constantrelation exists between the value of the P.D. across thepulvinus and the state of movement; besides, the potentiallevel in the petiole remained practically constant during eachexperiment. Subsequently we measured continuously (from minute to



??? minute) the shifting of the P.D.in the pulvinus, synchronouslywith the movement. The resultsof one of several experimentshave been reproduced in fig.4 of our previous paper. Itwas evident that the variationsof the movement are precededby those of the P.D. of thepulvinus. The space of timebetween both reactions amountsto 20â€”30 minutes. The lowerside of the pulvinus showedmore intensive changes in itspotential than the upper one.The potential levels of bothsides in general change in anopposite direction. A discussion of the resultsyielded data of special interestin relation to the periodic move-ments. We have calculated thepotential differences to be ex-pected when a leaf moves froma high to a low position, ifone considers the membranesin the plant impermeable foranions and assuming that thechanges in volume and in con-centration of

the cell sapamount 3/2 in the upper halfand 2/3 in the lower half (forargumentation see Â§ 3 of chapterII). Substituting these valuesin the formula of Nernst fordiffusion potentials, we found: Fig. 38. The quot;potential patternquot; in petiole and pulvinus, represented in a3-dimensional graph. The horizontal plane 1-2-3-6-5-4-shows the topographicsituation of points measured on the median section through petiole andpulvinus: see situation at the top of the graphs. The potential value of1 each time was chosen as the level of the abscissa plane; the potential ofeach point is referred to 1. The upper side of the quot;potential planequot; isdotted, its under side shaded.



??? â€ž RT 'cquot;'a , c'nbsp;RT , , c a This gave E = 10,45 mV for the upper half and E = â€”10,45 mV for the lower half; the difference between the P.D. ina high and in a low position of the leaf should be 20,90 mVacross the pulvinus. As an average of all the experiments wefound that the difference of the values at a sinking and a risingstate of the leaf amounts to 24,85 mV (theor. 20,90 mV)across the pulvinus, while for the upper and the lower side apart(compared to the constant potential level in the petiole) thecorresponding values are resp. 14,21 mV (theor. 10,45 mV)and â€”10,03 mV (theor. â€”10,45 mV). This rather close agreementmade us assume that we were right when considering the mem-branes practically impermeable for anions, while it also seemscorrect to assume the value for n (in the formula) = 1. Sinceamong the univalent cations the

speed of the H-ions is of aparamount rate, it is plausible that the influence of other cations,even if they were polyvalent, is only of secondary importance. In this connection it is important too to know which kind ofelectric effects were really measured by means of the gelatin-ZnS04-electrodes applied to the plants. Some experiments withmodels, to be reported by J. B. Thomas in a next paper, pointedin the direction that we were exclusively measuring the effectof the shifting of H-ion concentrations. These results and conclusions considerably will support thetheory, discussed in the next chapter, which attributes a probablefunction to alterations in the hydrogen-ion concentration in themovements. However, no definite method is available to verifythe measured values of the pH-changes and to ascertain whichchanges actually occur. CHAPTER VIII.Theory,

discussion and conclusions. Â§ 1. A Theory on the mechanism of the nyctinastic movement. In the preceding chapters I have made an attempt to analysesome of the complicated processes involved in the motile systemof the pulvini of Phaseolus multiflorus (and alhed species). Atentative synthesis will be given now. The data presented in the preceding pages allow to conceive



??? a hypothesis on the role of the subjects studied. The periodicmovements in the dark can be explained as follows '). Continuously sugars are removed from the tissue by therespiration and by diffusion to places of lower concentration Thesugar content of the cells is maintained by the action of amylasestarch into sugar. If the removal by respirationand diffusion exceeds the supply by hydrolysis the volume willdecrease, it the supply exceeds the removal the volume willincrease, because the sugar content chiefly determines theosmotic value of the cells. However, changes in volume must beaccompanied by changes in the concentration of the electrolytessolved in the cell sap. It is highly probable that the ionic equili-bria in the cell sap will be disturbed when a volume changeoccurs. A new equilibrium will be established and, for instancethe hydrogen-ion

concentration will have got another valueihis possibihty has been proved by the measurements of P D's(chapter VII). The pH of the cell sap was found to be about 6 0and it is exactly in this region that the amylase activity in apeculiar way depends on the H-ion concentration. As a matterof course these facts have led me to the assumption that theinteraction between amylase activity and H-ion concentrationforms a system that in itself may account for the periodicchanges m volume. Similar thoughts on the influence of ionic equilibria on enzymeactivity I have found in a paper of St. J. von Przylecki (1935)He says: Angenommen, dasz die Amylase ein amphoterer Stoffist, so konnten wir uns die Aktivit?¤t folgenderweise vorstellen-Um die maximale Amylasewirkung zu erreichen ist 1 ein be-stimmtes Verh?¤ltnis zwischen dissoziierten

Anionen/KationenGruppen, 2. vielleicht auch ihre Menge (d.i. die Entfernung vongleichnamig und entgegen geladenen Gruppen u.s.w.) n??tig DieGrosze des Verh?¤ltnisses ??bt vielleicht einen Einflusz auf dieAffinit?¤t, besonders aber auf die Stabilit?¤t des Komplexes E-Saus In the same paper he remarks: quot;Ein charakteristischesMerkmal der lebenden Materie bildet ihre F?¤higkeit zu Autore-gu ationen - quot;Die Regulierung der chemischen Prozesse imZellverbande ist innigst mit der Regulation der Enzymreaktionenverbundenquot;. fJ^-ta T^T ^^ described with the aid of the scheme inng. A closed chain of reactions consists of the following com-ponents: the amylase activity varies with the pH of the cell sap, ?o tL^'s^/ar'^.quot;;ofnbsp;y I .have purposely confined the considerations to tne sugar-starch metabohsm in the pulvinar tissue.



??? amylase activity more activei less active quantity of sugars t more sugarI less sugar volume of ttie cells 1 enlargement1 diminishing hydroqen-ion cont mtration___ [optimal(J amylase Fig. 39. Scheme of the theoretical relation between amylase activity,quantity of sugars, volume of the cells and H-ion concentrations. Forreasoning see text.



??? the pH depends on the volume of the cell, the volume variesaccordmg to the osmotic value of the cell sap and this osmotic^lue is dependent on the amylase activity. One might also say:Ihe pH IS closely related to the water content of the cell andthe amylase activity is determined by the pH as well as it deter-mines Itself the water content and the volume of the cell. I emphasize again that this system concerns merely the periodicmovements in the dark. The theory, however, can account forall changes m turgor, also those in the light. For superimposedon the periodic (endonomous) dark processes, all kinds of stimuli may influence the various parts of the processes resul-ting in a certain turgor pressure. To realize how this mightproceed, we have to consider how the three processes determiningthe sugar content (and the turgor) of the cells are

dependent onvarious external and internal agents. The three processes involvedare: I.nbsp;the respirationnbsp;) II.nbsp;the transport by diffusion P III.nbsp;the action of amylase â€” supplying sugars. The intensity of these processes is dependent on various con-ditions: I.nbsp;The intensity of respiration is affected by a) the amountot available respirable substrate, b) the concentration of oxygenin the air, c) the water content, d) the concentration of carbondioxide in the air, e) the acidity, f) the salts present, g) thetemperature and h) the light (?). II.nbsp;As to diffusion of soluble material out of the cells, it mustbe remembered that a)nbsp;the direction of the diffusion is determined by the differ-ences in concentration of the solutions involved, b)nbsp;the rate of the diffusion is determined by 1) externalconditions, as light, temperature, etc. and 2) internal

conditions,as acidity concentration of electrolytes, etc., which all effect thestate of the permeable membranes in the tissue. III.nbsp;The effect of the action of amylase is dependent on- a)nbsp;external conditions: temperature, light (?), b)nbsp;quantity of amylase, c)nbsp;quantity of available starch, d)nbsp;internal conditions: pH and all kinds of activating orparalyzmg influences. In the day light the processes are complicated by photosynthesis.



??? and, if I would be complete, I should have to mention all kindsof metabolic processes determining the physiological state of thecells in the pulvinar tissue. In spite of the great uncertainty as to the actual part of eachprocess in the resulting value of the turgor of a cell, some indica-tions may be given to account for phenomena known in literatureand cormected with pulvinar movements. For instance, it seems highly probable that the rapid changesin turgor, caused by the light, studied by Mar. Brauner (1933)and others, have nothing to do with amylase action. They canbe attributed to an influence of the light on the diffusion systemin the tissue. I do not say quot;on the permeability of the cell mem-branequot;, since I cannot imagine how an increase or a decreaseof the permeability â€” at a certain concentration gradient â€”â–  evermight account for a

reversible change in the turgor of the cell.Of course changes in permeability may have something to dowith the influence of light, but certainly they cannot merelyaccount for the phenomena. Â§ 2. Discussion. In this paragraph I will discuss how the various processes,studied by former investigators and by myself, are related to thesystem described in the last Â§. The endonomous periodic movements in constant darkness canbe explained by the endonomous periodic changes in amylaseactivity in the cells of the motile tissue. No changes in the inten-sity of respiration or in the rate of diffusion need to beinvolved in the mechanism of the movements. This does notmean that, if they exist, the explanation given by me would fail.Besides the reversible system of the amylase action other rever-sible processes concerned in the sugar-starch metabolism mayalso

exist; the result of their joint activity is reflected in themovements. The results of the measurements of the osmotic values of theupper and the lower half of the pulvinar tissue have shown thatin an uplifted position of the leaf the osmotic value of the cellsin the lower half was higher than that of the cells in the upperhalf and reversely. This fact matches with the statements byZimmermann (1929) and others; all data indicate that changesin the osmotic value of the cells run parallel to changes involume. The greater the volume, the higher the osmotic valueof the cell sap. The objection of BiInning (1936), that this paral-lelism precludes the possibility that the volume changes are



??? caused by changes in the osmotic value, does not hold. If changesm volume may be induced by alterations of the sugar contentof the cells, the effect (the volume decrease or -increase) willrapidly follow alterations of the osmotic values, since the timeof latency only depends on the water permeability of the mem-branes. This latention lasts for so short a time (perhaps severalminutes, perhaps half an hour), that it is practically impossibleto state the sequence of processes suggested by BiiNNiNG. When plants of Phaseolus are inverted, the movements con-tinue, but their period is also rapidly inverted (within 2 or 3hours). This phenomenon can be explained as follows: in thenormal position the weight of the lamina tends to enlarge thevolimie of the cells in the upper half and to decrease that ofthe cells in the lower half. When the plant is inverted, the

weightacts in an opposite way, so that the cell volume in the anatomicalupper half is mechanically decreased and in the anatomical lowerhalf is enlarged, compared with the former, normal position. Nowthe cell volumes that were decreased will increase (and viceversa), according to the same mechanism of starch-sugar conver-sion, which accounts for the movements in the normal positionof the plant. It may be remembered that it is a general featureof the system, that the volumes which have been decreased tendto increase, while those which have been enlarged tend of de-crease. I draw the attention to the fact, that the weight of the leaves(acting in downward direction) is no conditio sine qua non forthe occurrence of movements, since with considerably reducedlaminae the pulvini continue their movements. The fact, thatthe plants stop moving when

fixed on the horizontal axis of arotating clinostat indicates, that the continuously varying wayin which the weight of the laminae influences the processes inthe tissue, in that case, balances the changes in amylase activityin the cells. The movements on the clinostat have not been studiedby registering them (technical difficulties prevented this); theoccurrence of movements has been valued. Therefore it stillremains possible, that slight movements (in daily periodic rhythm)have escaped the observation of the investigators. Perhaps adetailed study of the influence of gravity on the daily periodicmovements might reveal new and important data for the know-ledge of the motile mechanism. SUESSENGUTH (1922) has discussed, among other subjects, theinfluence of wilting on the action of amylases in plants. His con-clusion from a survey of literature is that

wilting causes the



??? hydrolysing enzymes to grow active. This remarkable effect â€”for, while wilting withdraws water from the cell, by hydrolysiswater is bound â€” has been explained in two ways. Von Molisch(1921) thinks of an increase of the enzyme concentration (besidesthat of all other solved substances), as a result of the loss ofwater. Suessenguth has mentioned the possibility that adsorbtioninterfaces are set free by the withdrawal of water, and so thesubstrate becomes accessible for the enzyme (or the enzyme forthe substrate). The explanation of von Molisch might as well be applicableto the changes in water content during the movements of themotile pulvini. If the total amount of amylase were constant inboth halves of a pulvinus, the concentration of the am.ylase wouldbe altered with the cell volume. This change of the amylaseconcentration, by a decreased (or

increased) production of osmo-tically active substances, would counteract the direction of alter-ation of the volume, just as supposed in the hydrogen-ion-amylase system described in the last Â§. However, the differencesin amylase concentration should be measurable and this hasnot appeared to be possible (chapter VI). Lepeschkin (1934) deduced from his formulae that the turgorpressure of a tissue depends on the concentration of the fluidsoutside the tissue, with which it is in contact. To illustrate thisthesis (which generally of course, holds true), he points to thefact that, when the lamina of a leaf is totally cut off, the move-ments stop in a few days. According to Lepeschkin the lack ofa transpiration stream through the vascular bundle causes, inthis case, the concentration of the osmotically active substancesoutside the motile tissue gradually increase, until

the turgor ofthe motile tissue has so much decreased that no movement canoccur. â€” This conception does not match the facts, since thepulvini (with removed lamina) keep their rigidity and thereforetheir turgor has not decreased. The phenomenon of the stopping of the movements after cuttingoff the lamina, can be much easier explained in the followingway: the starch content of the starch layer in the pulvinus seemsnot only to be supplied by the photosynthesis of the pulvinartissue itself but, for an important part, by that of the leaf. If thelamina has been cut off, the starch of the pulvinar starch layer willgradually be consumed in the motile mechanism and then themovements will stop. â€” In my experiments I have often usedplants, of which the lamina had been cut off for the greatest part.These plants kept on moving in the normal day- and night



??? succession but, once placed in constant darkness, they stoppedmoving within a few days, since the reduced starch content ofthe starch layer cannot maintain the motile mechanism for alonger time. I add the results of some experiments which support this view(table 31 and fig. 40). Fig. 40. A sketch illustrating theextent to which the lamina hadbeen cut off in the experimentsof table 31. TABLE 31. Experiments with reduced lamina. No. of leaf: lamina cut off: placed in thedark room: fixed: starch content: AD 14aAD 14bAD 8aAD 8bAD 9aAD 9bAD 7a AD 7b Nov. 2nd (normal, control) Nov. 2nd(normal, control) Nov. 2nd(normal, control)Nov. 2nd (normal, control) Nov. 8thNov. 8th Nov. 8thNov. 8thNov. 14thNov. 14thNov. 14thNov. 14thNov. 14th Nov. 14th no starchmuch starchvery little starchmuch starchno starchmuch starchno starch( little lessgt; than

normal As to the movements of these leaves was noted: AD 8a ) ^ still moving fairly well on Nov. 8th/9th, movementsAD 9a \ I slowly decreasing from Nov. 8th to 14th. AD 7a moving weakly until Nov. 13th, then stopped. Â§ 3. Conclusions. Resuming all experimental and theoretical data given in thepreceding chapters, we may conclude that the mechanism of thepulvinar movements in constant darkness can be explained byenzymatic processes in the tissue. Changes in the osmotic values



??? of the cell contents, and thus changes of the volumes, interactwith these enzymatic actions. No differences of amylase quantities at different stages of themovement could incontestably be observed. Some results pointedto differences, but these are so inconsistent that, in a theory onthe mechanism, the possibility of differences in amylase quantitiescannot yet be accounted for. The alterations of the potential in the pulvinus found a satis-factory explanation in the shifting of ionic concentrations duringthe movement, and at the same time they strongly endorse thepossible occurrence of changes in the hydrogen-ion concentrationsin the motile cells. The theory still is rather vague as far as the details of theprocess are concerned, but this was unavoidable since, hitherto,reliable data on the details of the motile mechanism are tooscanty. No independent study

in different fields of plant physio-logy ever will be able to reveal complicated processes such asunderlie the movements of variation of the pulvini of Phaseolusmultiflorus and allied species. Only the combination of as manyaspects of the problem as possible may finally result in a detailedknowledge of all processes involved in the motile mechanism. SUMMARY. 1.nbsp;The mechanism of the pulvinar movements of Phaseolusmultiflorus L. was studied in several ways. 2.nbsp;A comparison of the osmotic values of the cell content inthe upper and in the lower half of a pulvinus at various positionsof the leaves, showed that in an uplifted position of the leaf thelower half has a higher suction power than the upper half, whilein a drooped position of the leaf the upper half has a highersuction power. These results confirm those of Zimmermann (1929)and Weidlich

(1930). 3.nbsp;The relation between the presence of starch in the starchlayer of the pulvini and the occurrence of movements was inves-tigated. The results of the experiments show that, as long asstarch is present, movements may take place; if the starch hasdisappeared from the starch layer the movements stop. Thestarch probably acts as a source of energy for the processesresulting in movement. 4.nbsp;The methods of extracting amylase from the tissue andof testing its activity were studied. â€” In some cases a differencein amylase activity of the upper and the lower half of the pulvinar



??? motile tissue could be detected. In other cases no differences atall were found. No conclusions as to a periodic change in theamylase activity or -quantities could be drawn from theseexperiments. 5.nbsp;The amylase extracted from the pulvinar tissue showed aremarkable difference in activity at different hydrogen-ion con-centrations. The pH of the pulvinar tissue appeared to lie between5,5 and 6,5, and it is just in this region that a decrease in theamylase activity was demonstrated. In 3 series of experiments, in collaboration with J. B. Thomas,the potential differences on petiole and pulvinus were measured.A parallelism between movement and P.D. variations was demon-strated, which made it probable that mainly shifting of H-ionconcentrations was measured. 6.nbsp;A theory was given that enabled to account for all pheno-mena described by me

and by earlier investigators. In short thehypothesis is this: the volume of the cells depends (in upper andlower antagonistic halves) on the osmotic value of the cellcontent (sugar); sugar is removed constantly by respiration andby diffusion, it is supplied from starch by the action of amylase;the amylase thus may influence the total amount of sugars inthe cells, and at the same time its activity is regulated by thepH; it was made probable that fluctuations of the pH parallelto changes in volume occur. 7.nbsp;In this way the principles of an endonomous automatismwere suggested and a mechanism was described liable to allkinds of conditional (internal and external) factors. I owe much to the kind interest and the encouragement ofProf. dr. V. J. Koningsberger. LITERATURE. Bois, E. et A. Nadeau, 1936, Contribution ?  l'?Štude d'Acer saccharum. Lesamylases
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??? A.nbsp;Micro-photographs of cross sections of the pulvini of the experimentof fig. 9 (See text p. 784). The Roman numerals refer to the time offixation of the pulvinus, as indicated in fig. 9. The photographs f, g and hgive a detailed picture of the starch layer at the resp. moments I, VI andXI of fig. 9. B.nbsp;One example of a print and one of an enlargement made from anâ– 'enzymographic platequot; (see p. 789). Tab. XVIII
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??? STELLINGEN. 1. Volumeveranderingen van cellen in een weefsel kunnen nietverklaard worden uitsluitend met behulp van veranderingen vande plasmamembranen wat betreft hun permeabiliteit voor waterof voor opgeloste stoffen. 2. Om kwantiteit of activiteit van enzympreparaten onderlingte vergelijken, is het noodzakelijk om, door bepaling van ten-minste twee punten, het initiaal verloop van de hydrolyse-curvevast te leggen. 3. Experimenteele taxonomie is geen taxonomie. 4. De volgens Miss Green door Furtado gemaakte â€žextraordinaryblundersquot; zijn geen blunders; het artikel van Furtado behelsteen ernstige kritiek op de opvattingen van Miss Green. (Fubtado en Green in Chronica botanica IV, 1938). 5. De Interationale Nomenclatuurregels behooren een artikel tebevatten, dat inhoudt, dat men alleen een systematische naamaan

een hybride mag geven, indien aannemelijk is gemaft, datde hybride constant of homozygoot is. 6. Het is wenschelijk het begrip phagocytose uitsluitend te ge-bruiken voor het opnemen door cellen van niet, of gedeeltelijk,verteerde vaste stoffen. 7. De onderzoekingen van Harnisch rechtvaardigen niet zyn con-clusie, dat primaire en secundaire oxybiose berusten op chemischverschillende processen. (Harnisch, 1937, Z. f. vergl. Phys. 24).



??? De voorstellingen van Renner en Noack, over de erfelijkheidvan bont in bet geslacht Hypericum, kunnen zonder veel moeitein ?Š?Šn zienswijze vereenigd worden. 9. Het is niet noodig om ter verklaring van het gedrag van be-paalde Notch-deficiencies in Drosophila melanogaster, een â€žGen-wirkungsausfallquot; als werkhypothese aan te nemen. (Goitschewski, 1937, Z. f. I.A.V. 73). 10. De onderzoekingen van BSrner bewijzen niet, dat de â€žintra-cellulaire staafjesquot; in viruszieke planten niet als vroegtijdigsymptoom van de virusziekte mogen worden opgevat. (B?¤RNER, 1937, Angew. Bot. XIX, H. 6). 11. Het is wenschelijk door grondig physiologisch en chemischonderzoek na te gaan in hoeverre een tekort aan zeldzameelementen in den bodem oorzaak kan zijn van achteruitgang

instand en productie van cultuurgewassen na de eerste cultuur-jaren. 12. Zuiver wetenschappelijk biologisch onderzoek is, ook in tijdenvan economische depressie, noodzakelijk, aangezien het tenallen tijde de gegevens, die voor het toegepast landbouwkundigonderzoek den grondslag vormen, moet kunnen verschaffen.
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