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THEOREMS 

I 
In the study of niacin, more consideration should be given to the implications 

of overdosage of niacin. 

GOLDSMITH, G. A. and O. N. MILLER. 1968. Niacin. In The 
Vitamins, Chemistry, Physiology, Methods. Vol. VII, second edi
tion. Ed. by P. Gyorgy and W. N. Pearson. Academic Press, 
New York, London. 137-167. 

II 
The influence of calcium ions on the stability of trypsin and chymotrypsin 

activities in rat pancreatic juice in the presence of sodium taurocholate deserves 
more attention than hitherto has been paid to it. 

VAHOUNY, G. V. and A. S. BRECHER. 1968. Effect of bile salt 
on the digestive enzymes of rat pancreatic juice. Arch. Biochem. 
Biophys. 123,247-254. 

Ill 
It should be made compulsory to have every newborn child tested for 

phenylketonuria in the second week of life. 

FLEURY, P. 1968. Organizing screening programme for inborn 
metabolic errors in The Netherlands. In Brain damage by inborn 
errors of metabolism. Symposium organised by the Interdisciplin
ary Society of Biological Psychiatry. Amsterdam, 6 October 1967. 
De Erven F. Bohn N.V., Haarlem. 60-66. 

IV 
Intensive investigations should be carried out with a view to ascertaining a 

suitable method that would permit the determination of the karyotype of the 
human foetus before it is three months old. Should the karyotype be abnormal, 
abortion should be permitted. 

BROWN, W. M. C. 1968. Criminals and chromosomes. New 
Scientist 40,235-236. 

V 
Crates and boxes of vegetables that are brought into the various markets 

should bear a label indicating the producer. 

N. GORIN 
Wageningen, 11th March 1969 



VI 
In publications on the structure of yeast cell walls, more attention should be 

given to the possibility of the occurrence of metal bridges. 

PHAFF, H. J. 1963. Cell wall of yeasts. Ann. Rev. Microbiol. 17, 
15-30. 

LAMPEN, J. O. 1968. External enzymes of yeasts: their nature 
and formation. Antonie van Leeuwenhoek, J. Microbiol. Serol. 34, 
1-18. 

ROGERS, H. J. and H. R. PERKINS. 1968. Cell Walls and Mem
branes. EandF. N. SponLtd., London. 135-152. 

This thesis, p. 41. 

VII 
Some of the proteins present in the cementing material in plant tissues may be 

considered as proteins belonging to the plasmodesmata. 

GINZBURG, B. Z. 1961. Evidence for a protein gel structure 
cross-linked by metal cations in the intercellular cement of plant 
tissues. / . Exp. Botany 12, 85-107. 

VIII 
The Food Composition Table can be improved by giving coefficients of 

digestibility of the various foods based on digestion in vitro by appropriate 
enzymes under standardized conditions. 

Nederlandse Voedingsmiddelen Tabel. 1967. 23e druk. Voor-
lichtingsbureau voor de Voeding. Den Haag. 

IX 
International standardization of immunological-fluorescent methods should 

be instituted, so as to render it possible for results to be compared from a 
Quantitative noint n fvi™ 

Twenty second Symposium held in October 1968 in London 
by the Permanent Section for Microbiological standardization. 
Round Table Conference on Standardization in Immunofluor
escence. International Association of Medical Standards. 

The assertion that the action of the Waring Blendor on soybean meal pro
duces complete cell wall rupture of the cells is not entirely true. 

VICKERY, H. B., as referred to by S. J. CIRCLE. 1950. Proteins 
and other nitrogenous constituents. In Soybeans and Soybean 
Products. Vol. 1. Ed. by K. S. Markley. Interscience Publishers, 
Inc. New York, p. 292 



XI 
The South American countries Argentina, Brazil and Uruguay should take 

steps to encourage the greater consumption of the beverage "Mate" (Ilex 
paraguariensis) in the various industrial countries. 

XII 
The philosophical attitude of the research worker should not be dogmatic. 
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1. I N T R O D U C T I O N 

The digestibility of plant cells used as food for human beings or for animals, 
depends, among other factors, to a certain degree on the penetration of the 
digestive enzymes into them. 

The first barrier that the enzymes must pass in order to enter the plant cells 
are the cell walls. 

MITCHELL (1942) stated that the cell walls of plant tissues may be an obstacle 
to the digestion by enzymes of ruminants because they prevent the enzymes 
from reaching the contents of the cells from these tissues. 

Furthermore, it is known that when old plants are fed to ruminants they are 
digested to a lesser extent than when younger plants of the same type are provid
ed as feeding-stuff. In other words the age at which the plant is cut for feeding 
to animals is important. When the tissue is older it contains more lignin in its 
cell wall, this was mentioned by ROELOFSEN (1959). Strongly lignified cell wall is 
more difficult to degrade enzymically than when it is less lignified (BULL, 1967). 

Recently MATELES and TANNENBAUM (1968) showed that the barrier formed 
by the cell wall of Bacillus megaterium must be considered as an important 
factor in the nutritional value of proteins originating from unicellular organisms. 
They did not study this problem with other unicellular organisms like yeast and 
algae. 

LUND (1954) showed that several yeasts were still viable in the dung of horses 
and cattle. These yeasts, which must originate from fodder, passed through the 
alimentary canal in an undamaged state. Saccharomyces cerevisiae was not 
identified by LUND (loc. cit.) among the different species present. 

RETTGER et al. (1924) fed baker's yeast to various animals and human beings, 
and looked to see whether viable cells could be found in the feces. They con
cluded that most of the yeast when administered orally died in the alimentary 
tract. 

However, NESS et al. (1946, and also the writer (ANON., 1946) of an editorial 
of the J. Am. Med. Assoc, concluded that live baker's yeast cannot be regarded 
as a satisfactory source of thiamine for human beings. In fact the reverse is the 
case, as live yeast does not provide its own thiamine, but on the contrary, it 
takes thiamine from the diet for its own metabolism. This implies indirectly 
that live baker's yeast is not degraded enzymically in the digestive system of 
human beings. 

The previously mentioned authors stated that baker's yeast killed by heat is 
a good source of thiamine. They did not determine whether heating affected the 
permeability of its cell wall and cell membrane. 

KING and SCHEFNER (1963) increased the nutritive value of an algal ration 
by treating these cells with enzyme systems derived from the snail Helix 
pomatia and the mould Myrothecium verrucaria. Pectinase was also effective. 

So far we have seen that the cell wall is a barrier to the entry of digestion 
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enzymes. Since it is known that cooked foodstuffs are better digested than un
cooked the question arises whether heating alters the structure of the cell wall 
in order to render it more penetratable for enzymes. 

GELDERMALSEN-DE JONG (1963) and DOESBURG (1962/63) studied the changes 
in the cell wall brought about by heating. They did not however directly de
monstrate whether digestive enzymes would penetrate to a larger degree through 
an altered cell wall than through an intact one. 

REEVE (1954) points out that when a potato is heated the swelling of the gell
ed starch causes rupturing, which appears to begin in the weaker primary-pit1 

regions of the cell walls. 
There is no further reference in literature to the influence of pits on the nu

tritive value of plant cells for food objectives. 
REEVE (1967) reviews the cellular structures, starch and textural qualities of 

processed potatoes, but he adds nothing new to what he said in 1954 about pits. 
Neither he nor other investigators - as far as we know - considered plasmo-

desmata (pits) a place for the entry of big molecules (digesting enzymes). 
ESAU et al. (1967) published electron micrographs showing a large number of 

particles of beet-yellow virus in the act of passing through plasmodesmata. As 
this study was made with living plants the mechanism of transport across 
plasmodesmata probably depended on a cytoplasmatic flow from one cell to 
another. 

Be that as it may, in heated plant tissues there is no flow of protoplasm. This 
is because the protoplasm proteins have become denatured by heating. We 
assume that also in dead unheated plant tissues used as food, the protoplasm 
of plasmodesmata ceases to flow. 

As dead unheated or heated plant material cannot be compared with living 
plants we thought it would be worth while to study the possible entry of di
gesting enzymes into plant cells (unheated or heated, both of them dead) 
through plasmodesmata. Since the protoplasmatic threads did not flow and 
the solid material in them consisted in the main of proteins it would be inte
resting to use a proteolytic enzyme for digestion and to learn whether this 
would aid the penetration of another type of enzyme. If this did occur, it would 
mean that the proteolytic enzyme opened a way by digesting the protoplasmatic 
threads and facilitating the entry of the other enzyme. 

• r> 

1.1. SCOPE OF THE PRESENT INVESTIGATION 

1. The purpose of our study is to learn whether the heating2 of material in 
distilled water at 100 °C affects principally the permeability of the cell wall 

and cell membrane of dead plant cells, thereby permitting a better entry of 
digesting enzymes. 

1 For definition of plasmodesmata, pit and plasmodesmatal canal see page 47, paragraph 3.3. 
2 We use the word 'heating' in preference to 'cooking' because the latter implies a prepara

tion of materials for consumption; that is to say the organoleptic properties should also be 
considered. We made only a digestion in vitro. 
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Heating not only alters the cell wall, but also favours the action of proteolytic 
enzymes by denaturing the proteins inside the cells. Denatured protein is more 
susceptible to hydrolysis, and proteinaceous inhibitors usually lose their activity 
against the enzyme by denaturation. 

We see that it is difficult to separate the factors which improve the digestibili
ty of plant cells when heated. And if we wish to confine the problem only to 
permeability, we have to distinguish the denaturation effect on proteins. 

We overcame this difficulty by treating unheated material with a substance 
that would only affect permeability (see point 2). 

2. To study the first point we had to find a substance that could affect the cell 
wall and cell membrane permeability without denaturing the enclosed pro

teins. As will be seen in the present investigation Ethylenediaminetetraacetate 
(EDTA) fulfills these conditions. 

If unheated material treated with EDTA were digested to the same degree 
as heated material it would be evident that heating affects principally the barrier 
of the substrates. 

3. We wanted to ascertain whether big molecules (enzymes) would penetrate 
the plant material through plasmodesmata (pit). 
With a view to this we studied: a. The penetration of chymotrypsin into soy

bean material, which possesses plasmodesmata, and into yeast and algae. These 
last two have no plasmodesmata. b. The penetration of lipase alone or with 
chymotrypsin. If chymotrypsin were to enhance the penetration of lipase in the 
case of soybean, but not in the case of yeast the importance of plasmodesmata 
would be stressed. 

4. The penetration of enzymes into dead plant cells is a passive process on the 
part of the cell, but the enzyme itself may be active. Therefore we also studied 

the penetration of a compound of large molecular weight without enzyme acti
vity, namely amylopectin. At the same time we studied the possible leakage of 
(3-amylase from soybean material. 

1.2. GENERAL CONSIDERATIONS 

The use of digesting enzymes to study the entry of big molecules is convenient 
because we can detect their penetration with the products of hydrolysis produc
ed inside the cells and diffusing from them. Inconvenience might arise if inhibi
tors of the enzymes employed occur within the cells. 

We knew that in soybean material there is a trypsin inhibitor (KUNITZ, 1947). 
In view of this we decided to use a-chymotrypsin as the proteolytic enzyme. 
The activity of this enzyme is slightly reduced by the said inhibitor (KUNITZ, 

loc. cit). 
In addition, other proteolytic inhibitors from soybean were considered. They 
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were the saponins (page 39, paragraph 2.3.5.3.) and the AA inhibitor (page 77, 
in General Discussion). 

As an enzyme other than proteolytic we used pancreatic lipase because the 
digestion of fats is important in the field of nutrition. Moreover a-chymotrypsin 
was ideal to use with pancreatic lipase, because both enzymes require similar 
conditions for optimal activity, i.e. pH, temperature and calcium ions. 

Soybean, yeast and also algae contained sufficient proteins to be used as sub
strates for a-chymotrypsin, and the first two had enough fat for pancreatic 
lipase. 

We used dead plant material as substrates for these enzymes because: a. as 
we have already mentioned our object was to learn whether the site of pro
toplasmatic threads (plasmodesmata) would be the place of entry for these en
zymes ; b. we wished to prevent an active uptake (pinocy tosis) of big molecules by 
the plant cells (JENSEN and MCLAREN, 1960); c. the dead plant cells would be 
more representative for the vegetable material used as food. 

For the digestion experiments with the two enzymes mentioned, isolated soy
bean cells and sections were used instead of whole seeds or cotyledons, not 
only because the former enabled us to work at a cellular level, but also because 
we assumed that with these types of substrates it would be easy to see pits under 
the light microscope and eventually plasmodesmata by means of electron 
microscopy. 

When the cells of soybean, yeast and algae - heated or EDTA-treated - were 
observed under the light microscope they manifested no differences whatsoever 
from the respective unheated cells. For this reason we thought that the bioche
mical method would be convenient for us to learn, whether or not, these sub
strates facilitated the passage of chymo trypsin and/or lipase. In the case of chy-
motrypsin we also determined immunologically whether this enzyme penetrated 
soybean cells and sections. At the same time we tried to detect if the entry was 
through the pits (plasmodesmata). 

As mentioned on page 3. paragraph 1.1., point 3 of the scope, the substrates 
soybean, yeast and algae were used because the first of these has plasmodesmata, 
whereas the last two have not. 

In addition, these materials were chosen as they are, or are becoming, very 
valuable from a nutritional point of view. 

For soybean this can be found in the book edited by MARKLEY (1950) and 
in specialized publications on soybean as well as in many other articles in perio
dicals related to food technology and nutrition. 

With regard to yeast we would only mention that in addition to its being used 
for fermentation processes it is becoming regarded more and more as a source 
of proteins. This will be realized when we state that such prominent companies 
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as Shell, Esso, Nestle and B.P. are trying to produce single cell proteins, 
which means proteins from unicellulars (MATELES and TANNENBAUM, loc. cit.). 

As for algae we merely state that they are utilized in water reclamation for a 
dual purpose: as an element in the oxidization process and as food for animals 
(ERCHUL and ISENBERG, 1968). This becomes more significant when we consider 
that there are plans to use algae on interplanetary trips as a source of oxygen 
and food for human beings. On our own planet algae might be of use in those 
countries which have no large areas of grassland devoted exclusively to the 
raising of animals. 

Before ending the General Considerations, we should like to remark that 
BISALPUTRA et al. (1967) demonstrated that there is no cytoplasmic connection 
between the neighbouring cells in the red alga Laurencia spectabilis. Thus, these 
authors state that the classical term 'pit connection' is a misnomer. This is an 
important feature as we used algae because they have no plasmodesmata (pit). 
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2. EXPERIMENTS MADE WITH a-CHYMOTRYPSIN 

2.1. MATERIALS AND METHODS 

2.1.1 Chemicals 
2.1.1.1. Buffer solutions 

Buffer solutions used were 0.1M borate pH 8 for soybean cells, soybean 
sections and algae; and 0.1M phosphate pH 7.6 for yeast cells. When cells 
were stored Preventol1 115 (obtained from Bayer, Leverkusen, West Germany) 
(0.1 % w/v) was added to prevent microbial contamination. 

2.1.1.2. The choice of an antimicrobial compound (Preventol 115) 
It was necessary to find a suitable antimicrobial compound for use during 

storage of substrate suspensions. Toluene and chloroform interfere with the 
determination of chymotrypsin digestion since they have a high extinction 
at 280 m\x. 

Half percent and 0.1% solutions of the following compounds were prepared 
and their extinction read at 280 mfi. against distilled water (Table 1). 

TABLE 1. 

1 cm 
Antimicrobial compound 280 mix 
0.5 % Dowicide (o-phenylphenol sodium salt tetrahydrate) obtained 

from N.V. Stockvis en Zonen, Rotterdam 2.64 
0.5 % Preventol 115 obtained from Bayer 0.071 
0.1% Preventol 115 0-045 
0.1 % Nipasept (propyl or methyl ester of p-hydroxybenzoate) obtained 

from Nipa Labs. Ltd. London 2.64 
0.1 % ShirlanNa obtained from I.C.I. 3.00 
0.5 % Cetyl pyridinium bromide (CPB) obtained from B.D.H. 0.192 
0.1 % CPB 0.039 
0.5 % Cetyl trimethyl ammonium bromide (CTAB) obtained from Merck 0.085 
0.1 % CTAB 0.026 

Since Nipasept and Shirlan Na dissolve incompletely, even at concentrations 
of 0.1 %, the solutions were filtered prior to the determination of the extinction. 

The most promising antimicrobial substances were Preventol 115 and CTAB 
because of their low extinction at 280 m\i. The former did not affect the activity 
of chymotrypsin, the latter however inhibited chymotrypsin considerably. In 

table 2 are recorded the extinctions ( E ^ " ^ ) determined after digestion of 1 % 

casein solutions (lml) by a chymotrypsin solution (0.05 ml) at 35 °C for 20 min-
utesasdescribedintheDeterminationof chymotrypsin activity (page 8, paragraph 
2.1.2.3.) in the presence and in the absence of the antimicrobial substances. 

1 The mention of trade names in this publication is for purpose of identification and does not 
imply endorsement by our Department. 
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TABLE 2. 

Antimicrobial compound ^280 mn 

none 0.81 
0.1%Preventolll5 0.80 
0.1%CTAB 0.55 
The concentration of the antimicrobial substance 
was based on the final volume of the reaction 
mixture. 

The effectivity of Preventol 115 was corroborated with the light microscope: 
no growth of microorganisms could be detected in media containing 0.1 % 
Preventol 115, even after storing for 4 months at 5°C. It was decided to use 
Preventol 115 as an antimicrobial compound during storage of substrates. 
Preventol 115 is toxic and consists of inorganic salts of sodium. The exact for
mula is kept secret by Bayer. 

2.1.1.3. Ethylenediaminetetraacetate (EDTA) solution 
EDTA solution was prepared by dissolving EDTA-disodium salt (38 g) in 

distilled water (600-800 ml) and adjusting the pH to 10 with NaOH; then the 
final volume was made up to one litre. Preventol 115 (1 g) was dissolved in 
the EDTA solution (1 litre). In this way we obtained 3.8% (0.113M) EDTA 
solution pH 10 with 0.1 % Preventol 115. 

2.1.2. Enzymes ~^ 
2.1.2.1. Chymotrypsinogen (CTG) and Trypsinogen (TG) 

CTG and TG were prepared in the Laboratory for General and Technical 
Biology by crystallization from fresh bovine pancreas according to KUNITZ and 
NORTHROP as described by LASKOWSKI (1955). 

A 0.25 % CTG solution in 0.001N hydrochloric acid (100 ml) containing 1 % 
calcium chloride1 and a 0.025 % TG solution in the same solvent (100 ml) were 
dialysed in different beakers against 0.001N hydrocholoric acid containing 
1 % calcium chloride for one night at 5 CC. The solutions obtained are stable at 
5 CC and therefore they were used as CTG and TG stock solutions. 

2.1.2.2. oc-Chymotrypsin (CT) 
After a number of preliminary experiments CT was prepared immediately 

prior to use in the following way. TG solution (1 ml) was diluted with 0.1M 
borate buffer pH 8 (5 ml) and CTG solution (2 ml) was added. Final volume 8 
ml. The mixture was incubated at 35°C for 40 minutes; TG was converted 
autocatalytically into trypsin which in turn converted CTG into CT. Under 
these conditons CT activity remained constant for at least 180 minutes (fig. 1). 

A mixture of TG solution (1 ml) and 0.1M borate buffer pH 8 (7 ml) without 
CTG was used as a blank for the conversion of CTG into CT by trypsin (fig. 1). 

1 Calcium chloride was added because calcium ions enhance the activity of chymotrypsin 
(LASKOWSKI, loc. cit.). 
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conversion of chymotrypsinogen into chymotrypsin 

chymotrypsin activity 

-><-
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—o -xi o 
60 IOO 140 ISO 220 
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FIG. 1. Conversion of chymotrypsinogen into «.-chymotrypsin. Periodically a 0.05 ml sample of 
the mixture TG + buffer + CTG was incubated with casein solution as described in 
'Determination of a-chymotrypsin' (page 8, paragraph 2.1.2.3.). After 40 minutes the 
graph becomes horizontal. The maximum rate of conversion of CTG into CT is attained 
under the conditions used and the a-chymotrypsin activity remains constant for at 
least 180 minutes (• • ) . As a blank, samples of mixture without CTG were in
cubated with casein as mentioned above ( O — O ) . 

2.1.2.3. D e t e rm ina t i on of a -chymot ryps in ac t iv i ty 
Casein solution in 0.1M borate buffer pH 8 (1%) was made according to 

RICK (1962) .The solution contained 0.005M of calcium chloride, and was stored 
at 5 °C. Fresh solutions were prepared weekly. 

Enzyme activity was determined by the method of KUNITZ as modified by Wu 
and LASKOWSKI and described by LASKOWSKI (loc. cit). Casein solution (1.0 ml) 
was added to 0.1M borate buffer pH 8 (0.95 ml) and enzyme solution (0.05 ml) 
and incubated at 35 °C for 20 minutes. Then 5% trichloroacetic acid (TCA) 
(3.0 ml) was added and the mixture shaken. Blanks were prepared by first adding 
TCA and then casein solution. The mixtures were centrifuged after standing 
for one hour and the supernatant was filtered through fritted glass (G3). The 
extinction at 280 my. was read in a one cm cuvette against distilled water! The 
value of the corresponding blank was substracted from the value obtained. 

This assay was used to control either the activity of chymotrypsin on the 
other substrates (soybean, yeast and algae) or the conversion of CTG into CT 
by trypsin (fig. 1). 

2.1.3. Determination of the concentration of substrate suspensions 

The concentration of substrates in the various suspensions (with the excep-

fi?9°Mn t tS°f yn e a n S e c t l o n s> w a S d e t e r m i n e d w i t h the aid of the hematocrit 
(fig. 2) in the following way. After the suspension had been stirred for 30 min
utes one ml was transferred with a pipette with a wide orifice into the hematocrit 
and centrifuged at 500 g for 15 minutes at room temperature. The volunTe S the 
sediment (cells or powder) multiplied by 100 gave the concentrator(v/v) of 
the suspense . For example, if after centrifugation the sediment had a voiume 
Q 
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of 0.3 ml the concentration of the suspension was 30% (v/v). In all experiments 
20 % suspensions were used with the exception of the experiments with algae 
(Chlorella 10 %, Scenedesmus 2 %). The percentages of dry weight of the suspen
sions were determined by drying at 110 °C overnight and weighing. 

\J - 1.0 ml 

0.5 ml 

FIG. 2. Diagram of the hematocrit used for determining the concen-
sediment tration of the various suspensions. The calibrated part has a capacity 

of 1 ml. 

2.1.4. Nitrogen determinations and calculations based on nitrogen contents of the 
substrates 

Nitrogen contents were determined by Kjeldahl destruction followed by assay 
of ammonia with the microdiffusion method (CONWAY, 1962). 

Model experiments with ammonium sulphate and hippuric acid performed as 
indicated below (2.1.4.1.) demonstrated that on the average 95 % of the original 
nitrogen was recovered with this method. 

2.1.4.1. N i t r ogen con t a ined in the sample 
The nitrogen determination was carried out in duplicate, on filtrates from 

samples drawn during experiments (substrate plus chymotrypsin solution) and 
on the corresponding blanks. The filtrates were obtained as described later in 
paragraphs 2.1.6.1., 2.1.6.2., 2.1.6.4. and 2.1.6.5. 

The filtrate (5 ml) in a digestion flask was concentrated in vacuo to a 
volume of about 2 ml, to remove most of the water. Then the digest mixture (5 
ml) was added and the mixture heated until digestion was complete. After cool
ing the liquid was diluted to 25 ml in a volumetric flask and 1 ml samples were 
taken for determination of ammonia in Conway dishes. Diffusion was allowed 
to proceed at room temperature for 3 hours. Then the boric acid solution was 
titrated using a microburette ( 2 ml) with 0.02N hydrochloric acid. The results 
are expressed as g N/100 ml. 

Five ml of filtrate was used in order to have at least 100 (xg of total nitrogen, 
as recommended by CONWAY (loc. cit.). However it was our experience that 
even with less than 100 y.g nitrogen, the results were satisfactory. This was 
verified by using the method of JOHNSON as described by UMBREIT and BURRIS 

Meded. Landbouwhogeschool Wageningen 69-4 (1969) 9 



(1964) which is sufficiently sensitive for quantities of 10 to 40 [xg of nitrogen. 

2.1.4.2. N i t r ogen (%) on dry weight of the s u b s t r a t e 
A part of the substrate suspension, when ready for the experiment as describ

ed later under paragraph 2.1.6., was dried for one night at 110 °C. With a portion 
of this material, wrapped in a cigarette-paper, we made nitrogen determinations 
in duplicate. As a blank, paper only, without material, was used. The data of 
the different materials corrected for the blank are shown in table 3, column 1. 

2.1.4.3. Ca l cu l a t i on of q u an t i t y of n i t r ogen in the r e a c t i on m ix tu r e 
(A) 

First of all we shall define the term reaction mixture. It is the substrate sus
pension in buffer plus the same buffer plus chymotrypsin solution. The quantity 
of nitrogen in the reaction mixture is the amount of nitrogen of the substrate 
plus the amount of nitrogen of the enzyme. This last value was so insignificant 
when compared with that of the substrate that it was ignored. 

To show how this was calculated we shall give an example with unheated 
soybean cells. With the other materials, the same reasoning was applied. 

In our experiment to determine the digestion of unheated soybean cells by 
chymotrypsin, we had in a final volume of 80 ml (reaction mixture) 2.45 g of 
dry material (see page 16, paragraph 2.1.6.1.). We found that the nitrogen (%) 
in the dry weight of unheated soybean cells is 6.0%; so that in 2.45 g there is 
0.146 g nitrogen and in order to refer to 100 ml of reaction mixture we multiplied 
by factor 1.25 (100/80). Therefore 0.146 X 1.25 = 0.183 gN/100 ml. This value 
is the quantity of nitrogen in 100 ml of reaction mixture of unheated soybean 
cells, which is presented with the values for the other materials in table 3, 
column 2. 

2.1.4.4. C a l cu l a t i on of t he n i t r ogen re leased from the s ub s t r a t e 
by a -chymot ryps in 

This was defined as the amount of nitrogen contained in the filtered sample 
as a percentage of quantity of nitrogen in the reaction mixture. It was calculated 

nitrogen contained in the sample (g/100 ml) 
ows. q u a n t i t y 0f nitrogen in the reaction mixture (g/100 ml) X 

2.1.4.5. Ca l cu l a t i on of the f rac t ion of cell wall n i t rogen in r e l a t i on 
to t o t a l ce l ln i t rogen(B) 

We may assume that the percentage of nitrogen in isolated cell wall is of the 
order of magnitude of 2.5%. This value is the mean of the following ones: 
1.9%, 2.8% (for the primary cell wall of full-grown cotton hairs quoted by 
ROELOFSEN, loc. cit.); 1.0%, 2.0% (for cell wall of baker's yeast as quoted by 
PHAFF, 1963) and 4.6% (for Chlorella pyrenoidosa, determined by NORTHCOTE 

et al. 1958). Furthermore we assume that the cell wall represents approximately 
16% of the dry weight of the whole cell. This value is an average of: 16% for 

Meded. Landbouwhogeschool Wageningen 69-4 (1969) 



Phaseolus vulgaris, which belongs to the same tribe as soybean (LAMPORT, 1965), 
19% for baker's yeast (GRYLLS, 1961) and 14% for Chlorella (NORTHCOTE et 
al. loc. cit.). Thus the amount of cell wall nitrogen is roughly 0.4% (2.5% of 
16%) of the whole cell weight. Consequently a rough approximation of the 
fraction of cell wall nitrogen in relation to total cell nitrogen was calculated 

0,4% 
as follows: — 7̂ 77 -, -r-rr—T~. T———. These data are record-

nitrogen (%) on dry weight ol the substrate 
ed in table 3, column 3. 

2.1.4.6. Ca l cu la t ion of the amoun t of cell wall n i t rogen in the 
r e ac t i on mix tu re 

This was effected by multiplying (A) x (B). The data recorded in table 3, 
column 4, are expressed in per cent. 

TABLE 3. 

Column No. 

\ ^ 
^ ^ \ ^ 

^ ^ ^ ^ 
^ ^ ^ ^ 

Substrate ^ ^ - ^ ^ 

Soybean 
Unheated cells 
Heated cells 
Unheated sections 
Heated sections 
Unheated sections-EDTA 
Heated sections-EDTA 

Yeast 
Unheated yeast (STS or LTS) 
Heated yeast (STS or LTS) 
Unheated yeast (STS or LTS)-EDTA 
Heated yeast (STS)-EDTA 
Unheated yeast-EDTA-heated 

Scenedesmus spec. 
Unheated 
Heated 
Unheated-EDTA 
Heated-EDTA 
Unheated-EDTA-heated 

Chlorella spec. 
Unheated 
Heated 
Unheated-EDTA 
Heated-EDTA 
Unheated-EDTA-heated 

1 

N(%)on 
dry weight 

of the 
substrate 

6.0 
7.6 
5.5 
5.9 
4.8 
6.9 

6.3 
7.5 
6.6 
7.2 
5.2 

7.2 
7.5 
6.8 
7.4 
7.5 

6.2 
6.9 
8.4 
8.5 
7.9 

2 

Quantity of 
N in the 

reaction mix
ture (A) 

(gN/lOOml) 

0.183 
0.232 
0.175 
0.184 
0.150 
0.213 

0.301 
0.379 
0.306 
0.425 
0.300 

-
0.063 
0.066 
0.065 
0.059 

0.153 
0.170 
0.180 
0.185 
0.140 

3 

Fraction cell 
wall N in 
relation 

to total cell 
N(B) 

0.07 
0.05 
0.07 
0.07 
0.08 
0.06 

0.06 
0.05 
0.06 
0.06 
0.08 

0.06 
0.05 
0.06 
0.05 
0.05 

0.06 
0.06 
0.05 
0.05 
0.05 

4 

Cell wall N 
in the reac

tion mixture 
(A) x (B) 

(%) 

0.013 
0.012 
0.012 
0.013 
0.012 
0.013 

0.018 
0.019 
0.018 
0.026 
0.024 

-
0.003 
0.004 
0.003 
0.003 

0.009 
0.010 
0.009 
0.009 
0.007 
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2 1.5. Substrates 
The substrates chosen for chymotrypsin: soybean (Glycine max. L.), baker's 

yeast (Saccharomyces cerevisiae) and the green algae (Scenedesmus spec, and 
Chlorella spec!). 

2.1.5.1. Soybean 
Soybean seeds, imported from China were purchased from N.V. Speelman's 

Oliefabrieken, Overschie. The variety 'Acme' was obtained from the Depart
ment of Agronomy and Plant Genetics, Institute of Agriculture, Minnesota, 
USA. Results obtained with these varieties were identical. 

Cotyledons. Prior to use, soybean seeds were soaked for 20 hours in 20 parts 
of distilled water (w/v) and dehulled. 

Unheated cells. EDTA at pH 6 or 8, sodium hexametaphosphate at pH 4 and 
glycine-NaOH buffer (0.1 M pH 10) failed to macerate the cotyledons. Macera
tion was effected by EDTA at pH 10 in the following way. Cotyledons (100 g wet 
weight) were kept suspended in 3.8 % EDTA solution containing 0.1 % Preven-
tol 115, pH 10 (1 litre) at 37 °C for two days. After that period the pH was 9.7. 
After decanting the liquid the softened cotyledons were suspended in 0.1 M 
borate buffer pH 8 and desintegrated with the aid of a 'Vibromischer' (Chemie-
Apparatebau A.G., Zurich) to obtain a suspension of single cells. 

The cell suspension obtained was centrifuged and the cells washed with 0.1 M 
borate buffer pH 8 several times and stored in 0.1 M borate buffer pH 8 contain
ing 0.1 % Preventol 115. 

Heated cells. Cells obtained by EDTA maceration were heated in distilled 
water at 100 °C for 5,10,15 or 20 minutes. 

Cells of heated seeds. The maceration procedure was applied to seeds which 
had been heated in distilled water for 5,10,15 or 20 minutes. 

Unheated sections. Sections of 100 [i were cut as shown in fig. 3. The sections 
were washed several times with 0.1 M borate buffer pH 8 to remove the cell 
contents from disrupted cells. They were stored in 0.1 M borate buffer pH 8 
containing 0.1 % Preventol 115 at 5 °C for 16 weeks. Each week this buffer was 
renewed to remove the proteins which were gradually extracted by the buffer, 
probably from broken cells. 

Heated sections. These sections were cut from cotyledons which just before 
sectioning had been heated in distilled water at 100 °C for 20 minutes. They 
were washed and stored in the same way as unheated sections. 

Sections-EDTA (unheated and heated). After 16 weeks of storage the sections 
(1 part) were submitted to the action of 3.8 % EDTA with 0.1 % Preventol 115, 
pH 10, (10 parts) for two days. EDTA was removed by rinsing carefully with 
0.1 M borate buffer pH 8. Then the experiments were carried out immediately 
without storing for a long time or shaking the sections (to avoid damaging them). 

Soybean powder (subcellular). Soybean powder was obtained by ball-milling 
vacuum-dried cotyledons in the presence of solid carbon dioxyde at -30 °C for 
30 minutes. The powder was sieved through a 23 mesh sieve. Microscopical 
inspection showed that the material passing through the sieve did not contain 
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FIG. 3. Diagram showing how soybean was 
sectioned. Soybean sections with a thickness 
of lOOfx were obtained with the aid of the 
microtome by cutting the upper part of the 
soybean cotyledons parallel with the plane 
C-D. The lower part of the cotyledons 
containing the radicles was discarded. 

From microphotographs of sections cut 
parallel with the plane A-B it was deduced 
that the 100[i sections have a proportion of 
1 part of damaged cells to 3 parts of 
undamaged cells. 

whole cells. The powder was stored at 5 °C in a desiccator over silicagel. Por
tions of this powder (P) were treated in the following way, giving several types 
of powder: 

Powder A. Treatment with 10 parts (w/v) of 3.8% EDTA solution pH 10 
with 0.1 % Preventol 115, at 37 °C for two days (unheated-EDTA). A portion 
treated with 10 parts (w/v) of 0.1 M borate buffer pH 10 with 0.1 % Preventol 
115, at 37 °C for two days served as a blank (unheated-control). 

After centrifuging, the powders were stirred with 5 parts of 0.1 M borate 
buffer pH 8 for 30 minutes and again centrifuged. Washing was repeated three 
times after which all the EDTA had been removed; this could be shown by the 
cobalt method (SEN SARMA, 1960). The centrifuged powder was stored at 5°C 
in the same buffer to which calcium chloride was added (final concentration 
0.005 M). 

Portions of unheated-EDTA and unheated-control were heated in 5 parts of 
0.1 M borate buffer pH 8 at 100°C for 20 minutes under reflux; in this way 
heated-EDTA and heated-control were prepared. 

Before the digestion experiments with chymotrypsin the powder suspensions 
were diluted to obtain a concentration of 20 %, checked with the aid of the 
hematocrit. 

Powder B. Powder P was heated at 120°C for 120 minutes in an autoclave 
and the same steps as for powder A were made resulting in the preparations 
heated-EDTA and heated-control. 

Powder C. Powder P was extracted twice with acetone at room temperature 
to remove the lipids and the same steps as for powder A were followed. 

Powder D. The powder P was extracted twice with 10 parts (w/v) of 80% 
ethanol at 55 °C for 24 hours. After each extraction the suspension was centri
fuged (11,000 g) at 5°C for one hour. The sediment was suspended in distilled 
water and stirred for one hour, then part of the suspension was dialysed against 
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water at 5°C for one night, perevaporated and lyophilised (unheated ethanol 
extracted powder). The remaining part of the suspension was heated at 100°C 
for 20 minutes, then dialysed, perevaporated and lyophilised (heated ethanol 
extracted powder). Perevaporation was effected by hanging the dialysis tube 
containing the suspension in a thermostat at 30 °C with forced ventilation. The 
constant air current caused rapid evaporation. 

Both lyophilised powders were suspended in 0.1 M borate buffer pH 8 to a 
concentration of 20% determined with the hematocrit, prior to the experiment. 

Powder E. Powder B was extracted twice with 80% ethanol at 55 °C, surpend-
ed in distilled water, perevaporated and lyophilised, then suspended in 0.1 M 
borate buffer pH 8, to a concentration of 20 % controlled with the aid of the 
hematocrit. 

Powder F. Powder P was extracted twice with 80% ethanol at 5°C instead 
of 55 °C and the same steps as for powder D were followed. 

Powder G. Powder P was treated with 10 parts of 3.8 % EDTA solution pH 
10 containing 0.1 % Preventol 115, at 37 °C for two days. A blank was prepared 
by treating a portion of powder P with 0.1 M borate buffer pH 10 containing 
0.1 % Preventol 115, at 37 °C for two days. Subsequently both suspensions were 
submitted to dialysis for two days against distilled water containing 0.1 % 
Preventol 115 and two days more against 0.1M borate buffer pH 8 with 0.1 % 
Preventol 115. After 4 days of dialysis at 5°C, the powder suspensions had a 
pH of 8. A part of each suspension (EDTA and control) was heated under 
reflux at 100°C for 20 minutes in the same buffer which remained at pH 8. 
Thus the respective heated powders were obtained. 

Powder //.The powder P was suspended directly in 0.1 M borate buffer pH 8 
without dialysis and without centrifuging. Part of the suspension was heated 
under reflux in the same buffer at 100 °C for 20 minutes. In this way the un-
heated-control and the heated-control were obtained. 

2.1.5.2. Yeast 
Baker's yeast was obtained from the 'Koninklijke Nederlandse Gist en Spiri-

tusfabriek', Delft. 
The yeast was stored in 0.1 M phosphate buffer pH 7.6 containing 0.1% 

Preventol 115, instead of in borate to avoid flocculation of the yeast cells 
(JANSSEN, 1958). Unless otherwise stated the yeast cells used in the experiments 
were dead. The unheated cells died during storage in 0.1 M phosphate buffer 
pH 7.6 containing 0.1 % Preventol 115. That the cells were dead was demonstrat
ed with the phosphate methylene blue reaction (JORGENSEN-HANSEN, 1948). 
Furthermore it was found that after inoculation of the cells in petri-dishes with 
malt-agar no growth occurred at 30°C. 

During the experiments it was found that the period of storage of the heated 
yeast cells was important. Therefore experiments were performed with cells 
which had been stored at 5°C for a short time (6-8 days, STS) and with cells 
which had been stored for a rather long time (25-30 days, LTS). 

The following preparations were made: 
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Unheated yeast-STS. The yeast was stored in 0.1 M phosphate buffer pH 
7.6 with 0.1% Preventol 115 for one week and when stored for 25-30 days 
unheatedyeast-LTS was obtained. 

Heated yeast-STS. The yeast was heated in distilled water at 100°C for 20 
minutes and stored in 0.1 M phosphate buffer pH 7.6 with 0.1 % Preventol 115 
for one week. When stored for 25-30 days heated yeast-LTS-was obtained. 

Unheated yeast (STS or LTSJ-EDTA. The same procedure was used as for 
isolated soybean cells. EDTA was removed by washing with 0.1 M phosphate 
buffer pH 7.6. To obtain heated yeast-STS-EDTA the same procedure as for 
unheated yeast-EDTA was followed using heated yeast-STS. 

Unheatedyeast-EDTA-heated. The cells were treated as unheated yeast-EDTA 
then EDTA was removed by washing with distilled water. The cells were heated 
in distilled water at 100°C for 20 minutes, after which they were washed 3 times 
with 0.1 M phosphate buffer pH 7.6. 

Live yeast. Yeast received freshly from the factory was suspended in 0.1 M 
phosphate buffer pH 7.6 and immediately used for the digestion by chymotryp-
sin. 

2.1.5.3. A lgae 
Scenedesmus spec, and Chlorella spec, were cultivated at room temperature 

in a solution with macro and micro nutrients according to SANWAL (1963) 
without sterilization, provided with light by TL fluorescent tubes, Philips 
20 W/33, and with a mixture of air + 5 % COa. Each week the algae were har
vested. For the preparation of EDTA-Fe solution the prescription of WARRIS 

(1953) was followed. 
For the preparation of the medium twice distilled rain water was used, since 

it was found that once distilled tap water caused poor growth. The latter may 
be due to the high chlorophenol content of tap water. 

The harvested algae were stored in 0.1 M borate buffer pH 8 with 0.2% 
Preventol 115, in which they soon died (unheated algae). This was verified 
by rinsing the algae with twice distilled water to remove Preventol 115, and 
incubating them again in the same conditions as previously mentioned. No 
growth occurred. 

Heated algae were obtained by heating a suspension of algae in distilled 
water at 100°C for 20 minutes. 

Algae-EDTA were obtained by treatment with EDTA as described for soy
bean and yeast cells. 

In this way the following preparations were obtained: 
unheated algae, heated algae, unheated algae-EDTA, unheated algae-EDTA-
heated and heated algae-EDTA. 

2.1.6. Digestion of the proteins in the substrates by chymotrypsin 
The degree of digestion of the proteins in a substrate effected by chymotrypsin 

was estimated by determining the increase in extinction at 280 mjj. of the solution 
obtained after removal of the substrate. The value of the extinction of this 
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