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THE DISTRIBUTIOS OF THE ENZYMES IN RESTISG CEREALS * 

I. THE DISTRIBLXIOX OF THE SACCHAROGESIC AMYLASE IN WHEAT, 
RYE AND B.4RLEY 

CHR. EKGEL 

Central lnstztute JOY A’utritiou Research, CJtrecht (Netherlands) 

In a previous paper (LINDERSTRBM-LAX ASU EKGEL ‘) we have described the 
distribution of the p amylase in the outer layers of germinating barley. It turned out 
that most of the amylase is located just below the aleuronc layer in the so-called suba- 
leurone layer, the first starch-containing cell layer of the endosperm. In the prcsen’t 
paper the distribution of the saccharogenic (p) amylase in resting grains of wheat, rye 
and barley is discussed. 

Little is known about the distribution of amylase in these cereals and hitherto 

no investigations have been made with the help of modern technical equipment. In our 
earlier paper attention has been paid only to the amylase distribution in the aleuronc 
and starch cell layers in the outer part of the grain. BROWX AND MORRIS 2 and others 
(for literature see 1) have been able to demonstrate that the germ part particularly the 
scutellum contains large amounts of amylase. 

According to OHLSON 3 the amylase in resting grain is only partly active. It is 
possible to activate the inactive enzyme by treating with papain (FORD AND GLTHRIE~). 

In the present paper both active and inactive enzymes have been deterniined according 
to the method of MYRBACK AND MYRB~‘CK~. 

I. fMalevials. 
Wheat (Tviticzcru vulgare) : a gocd sample of American >lanitoba wheat (1939 harvest). 
Rye (Secale cerealc) : an inland Dutch sample of Pctkus summer rye (1942 harvest). 
Barley (Hovdeunz satizwrn) : an inland Dutch sample of Abed Kcnia brcwcrs barley (1042 
harvest). 

2. .San$ling and histological technique, 

These arc the same as described by LISDERSTKBM-LASC AND I~GI:L I. Only slight 
alterations have been introduced. As we were working on resting grain WC did not want 
frozen sections, so that soaking in water could be avoided. The sections of the dry material 
were made with an ordinary Sartorius microtomc. To avoid curling up of the slices we 
have used an apparatus on the knife of the microtome as described by LISDEKSTKBM-LAN 
AND ~IOGEKSEN 6. In studying the amylasc distribution in the outer layers of the grain 
the same sampling has been used as in the previous paper. The diameter of the cylindrical 
borer was z mm. The cylinder is attached with the ventral or crcasc side of the grain to the 
microtome table with a very thick vircwe solution. A wall of cork may be used round the 
cylinder to strengthen it. 

* A preliminary communication 
318-320. 

appeared in Rec. tram. chim. Pays-has. 64 (1945) 
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In our previous invest igat ion the cylinder had been frozen on the microtome table 
with a drop of water. This may  have been the reason for some discrepancies in tha t  paper. 
The readily soluble amylase may  have shifted to other layers outside its real place in the 
grain. 

The amylase distr ibut ion in the rest of the grain has been s tudied according to the 
scheme given in Fig. I ; for the ana tomy of wheat  grain and an explanat ion of the terms 
we refer to FAIRCLOUGH 10. The whole grain has been cut  in sections of 25 ~z thickness. 
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Fig. I. Scheme of various series 
of sections used for the estima- 
tion of saccharogenic amylase 
in different parts of the grain. 
Series I, Outer layers of the 
dorsal side. The results of the 
amylase determinations have 
been given in the figures 2, 3 
and 4. 
Series II. Left  ventral  side. 
Results in figure 5. 
Series I I I .  Outer layers of the 
upper end. Results in fig~ 5. 
Series IV. Inner part  of, the 
endosperm. Results in Table I. 
Series V. Germ part. Results 
in Figures 7, 8 and 9 .  
Eve ry  t en th  section has-been 
ndicated by a numbered line. 

Owing to the lack of photographical  mater ial  a direct projection of the micros- 
copical picture (Magnific. approx. 5oo x) had to be made on a drawing table. This facilitates 
careful observat ion so tha t  the various tissues may be distinguished more exactly. 

3. Extraction and activation. 

Every  section has been ext rac ted  with 5 ° t~l M / I  5 phosphate buffer PH 5.3 during 
20 hours at 4 ° C. After taking 7.9 tzl of this extract  for the determinat ion of the free act ive 
amylase, 7.9 [zl of a 20/0 papain solution (Papayot inum purum ,,Geke" I : 200) h a s  been 
added and the act ivat ion has been carried out during 20 hours at  3 °0 C. From this ext rac t  
samples have been taken to carry out  the determinat ion of the total  amylase amount. 

4. Amylase determination. 

The maltose formed by the action of the amylase has been t i t r a ted  according to 
LINDERSTROM-LANG AND I-IOLTER ?. A soluble starch solution of 1,50/0 in MJ45 phosphate 
buffer PH 5.3 has been used as a substrate.  7.9 I ~1 of the aqueous or the papain ext rac t  
have been mixed with 92/~1 of the substrate.  After mixing hydrolysis has been carried out 
at 4 °o C. Of this mixture  17 t~I have been t i t ra ted  after varying t imes /The  enzyme ac t iv i ty  
has been calculated per ~1 of tissue and is expressed as rag maltose i o rmed  in one hour 
at 4 °0 C. 

Re~ere.aces ~age 49. 
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RESUL'IS ~ND DISCUSSION 

-Fig. 2, 3 and 4 give the results of the determinations in the outer layers at the 
dorsal side of the grains (Fig. I, I). Curve I represents the enzyme activities of the free 
amylase in the sections, curve I I  the amount  of amylase after activation with papain, 
i.e., the total amylase content. Curve I I I  shows the volume percentage of the aleurone 
cells in the sections. As the bran was completely amylase free, it could be eliminated 
in the calculation of this percentage. The distance from the surface of the grain is the 
abscissa in all graphs. 

~.,,o 
~ Q .  ZZ" 

E 20 , 

o°J. ,4 
• 

i 

Oi~qnce from murfoce in ram. 

Fig. 2. The distribution of saccharogenic 
amylase in the outer layers on the dorsal 
side of grains of Manitoba wheat. 
I. Active amylase. 
II.  Total amylase after activation with 
papain. 
I I I .  Percentage of the aleurone cells 
in the sections, 

In these three figures a very distinct 
opt imum of the amylase amount  may  be 
seen. I t  is located just below the aleurone 
cells. Quantitatively, rye has the highest 
opt imum of free active amylase ;  next 
follow wheat and barley. With respect to 
the activation with papain rye contains 
much less activated amylase (about i~°/o 
of the total) than wheat  and barley. 
Wheat  and rye show no second optimum, 
such as occurs in the outer layers of bar- 
ley ; cf. our earlier communication 1. As 
may be seen from the figures the aleu- 
rone cells do not contain any am3dase. 

Re/~rences page 49. 
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Fig. 3. The distribution of saccharogenic amy- 
lase in the outer layers on the dorsal side of 
grains of Petkus summer rye. Curves as in Fig. 2. 
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Fig. 4. The distribution of saccharogenic 
amylase in the outer layers on the dorsal 
side of grains of Abed Kenia brewers' bar- 

ley. Curves as in Fig. 2. 
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In  fur ther  exper imen t s  we have  examined  the ou te r  layers  of o the r  pa r t s  ; viz.,  
the  left  ven t r a l  side and the  uppe r  end of the  w h e a t  grain.  

The  series of sect ions which have  all  been cut  from the same grain  are  given in 
Fig.  5 and 6. The  locat ion of these  sect ions  m a y  be seen in Fig.  I ,  ( I I  and  I I I ) .  Abou t  
the  same resul ts  have  been ob ta ined  as in Fig.  2. 
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Fig. 5. The dis t r ibut ion of saccharogenic amy-  
lase in the  outer  layers on the left  front  side 
of grains of Mani toba wheat.  Curves as in 

Fig. 2. 
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Fig. 6. The dis t r ibut ion of saccha- 
rogenic amylase in the  outer  layers  
of the  upper  end of grains of 
Mani toba wheat.  Curves as in 

Fig. 2. 

Consider ing the  inner  pa r t  of the  gra in  we have  tu rned  our  a t t en t ion  to the  
a leurone and subaleurone  cells beside the  crease. This  pa r t  of the  grain (the same grain 
as in Fig.  5 and 6) has  been  cut  according to the  scheme in Fig.  I (IV). F o r  some sect ions 
of the  cy l inder  the  amylase  a m o u n t  has been es t imated•  In an o ther  gra in  we have  made  
some "amylase de t e rmina t ions  in sect ions conta in ing  only  s ta rch  cells f rom the  inner  
endosperm.  Subaleurone  cells have  been cut  away.  The  resul ts  of these de t e rmina t ions  
m a y  be found in Table  I. 

T A B L E  I 

A M Y L A S E  C O N T E N T  OF T I S S U E  A R O U N D  T H E  C R E A S E  A N D  OF T H E  I N N E R  P A R T  OF T H E  G R A I N  

Locat ion of Sections ~/o Aleurone Active amylase  expressed as mg maltose 
the  sections numbered  cells per  F1 per hour 

:f• Fig. I I ¥  

of• Fig. I I . . 

2 0  

28 

I6 
18 

I 2  2 0 . 0  

IO 18. 4 

o 11. 7 
o 8.9 

F r o m  these  de t e rmina t ions  i t  follows t ha t  the  inner  endospe rm also conta ins  an 
amoun t  of amylase .  In  the  s tc t ions  a round  the  crease amoun t s  have  been found corres- 
ponding  wi th  those  of the  sect ions in Fig.  2, 5 end 6 wi th  the  same percentage  of a leurone 
cells. 

Rele'temes page 49. 
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Fig. 2-6 give a fully detailled picture of the distribution of the amylase in the 
endosperm part  of the grain. 
~ The results obtained for the germ part  are given in the next Fig. 7, 8 and 9. 
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Fig. 7. The distribution of saccharogenic amylase 
wheat• 

Curve 

in the germ part of grains of Manitoba 

I I :  
I I I  : 
IV:  
V: 

VI : 
VII  : 

VI I I  

active amylase• 
total amylase. 
percentage of germ tissue in the complete sections. 
active amylase content of the isolated germ part of the sections. 
total amylase content of the isolated germ part of the sections. 
percentage of scutellum tissue of the germ part of the sections. 
active amylase content of t.he isolated endosperm part of the sections, 
calculated from curve I, I I I ,  and IV. 
percentage aleurone cells of the endosperm part of the sections. 
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\ '%--~ ,i / ~r 1 I ~ Fig. 8. The distribution of saccharogenic amy- 
~ . ~  [0~ lase in the germ part °I grains °f petkus 

i summer rye. Meaning of curves same as in 
Figure 7. 

0 0.5 t.O ..z~ I. 
O i ~ f o n c ~  f r o m  s u r f a c e  in men. 

The sections have been made according to the scheme in Fig. z (V). From the 
outside to the scutellum parallel cuttings have been made, The abscissa represents the 
distance from t h e  first section on the root top end in a direction at right angles with 
the cutting level. 
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Fig. 9. The distribution of saccharogenic amylase in the germ 
part of grains of Abed Kenia barley. Meaning of curves same as 

in Figure 7. 

Curves I and II (Fig. 7 A ,  8 and 9 A) give again the experimental results of the 
amylase determinations. Curves I I I  give the percentage of germ tissue of the sections. 
Only aleurone, starch and germ cells have been considered in this calculation. In rye 
(Fig. 8) papain did not increase the amylase amount, so that  no inactive amylase is 
present in the germ part of the grain; accordingly curves I and II  coincide. 

From the Fig. 7 A, 8 and 9 A it appears that  the outer part (±0.5 ram) of the 
germ does not contain amylase. 
• ,:::. ~ Curves I and .II do not give a decisive answer to the question as to where the 

ah13;fase iS:l'ocated in the germ part. ..... 
In the same series some sections have therefore been made free from the endosperm 

part by cutting them under a microscope. 
The amylase contents of these preparations have been given in the curves IV and 

V (Fig. 7 B, 8 and 9B). In rye (Fig. 8) these curves again coincide, owing to the lack of 
inactive amylase. 

Curves VI (Fig. 7 B, 8 and 9 B) give the percentage of scutellum tissue of the 
germ part of the sections. Because of the histological technique these curves imply some 
inaccuracy as regards the lower part of the curve. However, the upper part of it is 
correct. 

From the curves IV, V and VI it appears that  only the scutellum contains a con- 
siderable amount of amylase. With the method used no measurable amounts have 
been-found ili the rest of the germ. 

It  would be highly interesting if the amylase amounts in the various parts of 
the scutelluN could be estimated, because according to some histological papers 
(HORI~ilNG s, GiiNTttER 9), the epithelial layer against the endosperm has a structure 
different frorn the rest. Only by  means of finer technique can these estimations be 
carried out: 
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In Fig. 7 B, 8 and 9 B the curves VI I  have been obtained by calculation. They 
represent the amylase anmunts in the endosperm part  of the sections. They have been 
derived from curves I, I I I  and IV. Curves V I I I  give the perceatage of the aleurone 
cells in these endosperm parts. From these curves it appears that in wheat (Fig. 7 B) 
there are two opt ima in the amylase content of the endosperm parts. The first corres- 
ponds with the opt imum in the subaleurone layer. The second is broader (:t: 350 v~) 
and is located inside the grain along the scutellum. In rye (Fig. 8) the situation is the 
same. In barley (Fig. 9 B) the situation differs slightly from that  in wheat ; the second 
opt imum in the endosperm part is only small and lies only 5o V~ below the scutellum. 

AI  j 

S¢ t 

• , . . .  • . , . 

~,£...~ • :. 

AI 

6 

G 

A B 

C 

6 

0 

Fig. io. Scheme of the dis tr ibuton of saccharogenic amylase in wheat grain. With some 
alterations, which may be derived from the given figures, the same scheme may be applied 

for rye and barley. 
Dotted parts = Amylase. 
A Longitudinal section along the crease. 
B Longitudinal section perpendicular to the crease. 
C and D transverse sections of the grain. 
G Germ. 
Sc Scutellum. 
A1 Aleurone layer. 

The ratio total amylase is not the same for all parts of the grain. In wheat 
active amylase 

series in various parts of the same grain have been cut and this ratio has been estimated. 
See Table II .  

The results so far obtained with these resting grains give a general idea of the 
amylase distribytion in the grain. This is schematically given ill Fig. IO. 

I t  would be interesting to find out wether the described distribution of the amylase 
in the grain coincides with different histological structures in the tissues concerned. 
HORNING S has made a qualitative study of the distribution of the mitochondria in 
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THE RATIO 

TABLE I I  

TOTAL AMYLASE 

ACTIVE AMYLASE 
IN VARIOUS PARTS OF A WHEAT GRAIN 

Number  of series 
acc. to Fig. i (I--IV) 

dorsal side I cf. Fig. 2 . . . . . . . . . . .  
ventral  side I I  cf. Fig. 5 . . . . . . . . . .  
Germ + endosperm V cf. Fig. 7 A . . . . . . .  
Top end I I I  cf. Fig. 6 . . . . . . . . . . .  
Only germ part  V cf. Fig. 713 . . . . . . . .  

total  amylase 
active amylase 

1.8 
1. 7 
1. 4 
1. 4 
2.O 

germina t ing  cereals. F rom his figures it  appears tha t  the subaleurone layer,  the scute l lum 
and the endosperm layer  along the scute l lum are par t icular ly  rich in mitochondria .  
I t  m a y  be tha t  there is a connection between this and the high amylase content  of the 
tissues. Fur the r  invest igat ions are necessary to elucidate this problem. 

SUMMARY 

In resting grains (wheat, rye and barley) the bran and the aleurone cells do not  
contain any  saccharogenic amylase. The first starch containing cell layer (the sub-aleurone) 
is part icularly rich in amylase. The inner  endosperm contains moderate quanti t ies  but  
the par t  which lies close to the germ is also part icularly rich. In  the germ the amylase is 
located in the scutellum tissue. There are some differences among the three kinds of 
grains examined. 

RI~SUMt~ 

Dans les grains au repos (bl6, seigle et orge), le son et l'assise prot6ique nc 
renferment pas d 'amylase saccharog6nique. La premiere couche de cellules renfermant  
de l 'amidon (le sub-aleurone) est particuli~rement fiche en amylase. L ' int6rieur  de l 'endo- 
sperme en contient  des quanti t6s  mod6r6es, mais la partie voisine du gernle est aussi 
particuli~rement fiche. Dans le germe, l 'amylase est contenue dans le tissu du scutellum. 
Les trois sortes de c6r6ales examin6es accusent quelques diff6renees. 

ZUSAMMENFASSUNG 

Die Kleie und die Aleuronzellen der ruhenden Getreidek6rner (Weizen, l~oggen 
und Gerste) enthal ten keine Saccharogen-Amylase. Die erste Zellschicht, welche 
St/irke enth~ilt (Subaleuron), ist besonders amylasereich. Das Innere des Endosperms 
enth/ilt  nl/issige Mengen, aber der Teil, der dem Keim am n/ichsten liegt, ist auch besonders 
reich. Die im Keim enthal tene Amylase befindet sich im Gewebe des Scutellum. Die drei 
untersuchten Getreidearten weisen einige Unterschiede auf. 
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