
in phagocytosis. The C'3 receptor com- 
pensates for the inability of yM anti- 
bodies to react with monocytes and for 
the inhibition of the reaction of yG 
antibodies by free 7G (12). The yG 
receptor, on the other hand, compen- 
sates for the lower complement-binding 
capacity of 7G antibodies relative to 
yM antibodies (13). 
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A particulate fraction of cells of pea 
seeds contains amylopectin-1,6-gluco- 
sidase (E.C. 3.2.1.9) which is released 
into the soluble fraction of the cell dur- 
ing germination (1). We now describe 
the particles and demonstrate that ac- 
tivation of the enzyme does not involve 
synthesis of new protein. 
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by centrifugation at 30,000g for 30 
minutes from homogenates (1) of seeds 
soaked for 4 hours. The precipitate was 
resuspended, layered on a gradient with 
a concentration of 20 percent Ficoll 
(Pharmacia) at the top of the tube and 
50 percent Ficoll at the bottom and 
centrifuged for 1 hour at 10,000g at 
0?C; the fractions at various densities 
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Table 1. Density-graient fractionation (in 
Ficoll medium) of particles from which the 
amylopectin-1,6-glucosidase is released. Con- 
trol is supernatant plus buffer. Incubation is 
at 26?C. 

Activity (IDC unit/ml) 
Ficoll after addition of 
(%) supernatant at 

0 time 212 hr 

0 0.175 0.182 

20 .192 1.740 

30 .225 0.215 

40+50 .287 .325 

Control .165 .170 
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were then recovered. Since the amylo- 
pectin-1,6-glucosidase in the particulate 
fraction can be activated and released 
by addition of supernatant fractions of 
the same homogenate (1), the activities 
of the fractions were assayed either 
immediately on recovery, or after suit- 
able incubation with the supernatant 
fraction obtained from the initial homo- 
genate of the seeds. The fraction in 
equilibrium with 20 percent Ficoll con- 
tained all the amylopectin-1,6-gluco- 
sidase activity (Table 1). 

To study the appearance of the 
particulate fraction, we rinsed it with 
buffer in the presence of lauric acid (2) 
to remove the Ficoll. The particles were 
then fixed with glutaraldehyde, treated 
with osmic acid, embedded in Luft's 
Epon (3), and sectioned. The sections 
were stained with uranyl acetate and 
examined under the electron micro- 
scope, before and after activation (Fig. 
1). The intact, purified particulate frac- 
tion is composed of well-defined parti- 
cles with granular content. The parti- 
cles lose their granular content, and 
subsequently also their structure, after 
treatment with trypsin which releases 
the amylopectin-1,6-glucosidase. It is- 
therefore legitimate to regard the struc- 
tural changes and the activation as 
related processes and to refer to these 
particles as zymogen granules. It was 
now necessary to establish whether 
release and activation of the enzyme 
involved synthesis of new protein. 

Seeds were germinated for 72 hours 
in the presence of 35S-labeled K2SO4 (4) 
and homogenized; the supernatant was 
recovered after centrifugation of the 
homogenate at 30,000g. The super- 
natant was subjected to electrophoresis 
on agar gel. Amylopectin-1,6-gluco- 
sidase, a-amylase, and 8-amylase were 
located on the gel. Radioactivity in the 
various sections of the gel was deter- 
mined in parallel. No radioactivity was 
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Abstract. Pea seeds have zymogen-like granules that contain an inactive jorm 
of the enzyme amylopectin-1,6-glucosidase. The enzyme can be liberated from 
the particles in the inactive forin and can then be activated by limited proteolysis 
with trypsin. 
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incorporated into amylopectin-l,6-glu- 
cosidase, while radioactivity was present 
in t-amylase and 3-amylase (Fig 2). 
Seeds were also soaked :for 4 hours in 
the presence of the labeled K2SO, and 
the zymogen granules were isolated. Of 
the total radioactivity absorbed by the 
seeds (110 x 106 count/min), only 100 

count/min could be recovered fromt1 the 

purified granules. The granules were 
then exposed to a short activation treat- 
ment with trypsin (1), and the soluble 
protein that was released was recovered. 
This fraction that contained the enzyme 
activity showed only a trace of radio- 
activity (28 count/min). Thus the re- 

Fig. 1. Electron micrograph of the particles from which amylopectin-1,6-glucosidase is 
released. (a) Appearance of particles after isolation. (b) The same particles after pro- 
longed treatment with trypsin (X 46,372). 

Application Slit 

+ 

Control 

17 Cppm 

6- Control 

61 Cpm 

72 Cpm 

Fig. 2. Electrophoretic separation of starch-degrading enzymes from pea seedlings ger- 
minated in- the presence of "3S-labeled K2SO4 and determination of the amount of "S 
incorporated into each enzyme. [After being stained for enzyme activity (1), portions 
of the-gel that showed activity were removed and dried in a scintillation bottle. Activity 
wag counted in the scintillation liqu-id (5).] 
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lease and activation of the amylopectin- 
1,6-glucosidase from the particles is 
not accompanied by protein synthesis or 
incorporation of 3~S. The presence of 
3'S in the two amylases serves as an in- 
ternal control, showing that newly 
formed enzymes do incorporate `5S 
from radioactive sulphate. 

A particulate fraction was prepared 
from pea seeds soaked for 4 hours in 
water. The particulate fraction was 
disrupted with ultrasound and the sus- 

pension was centrifuged at 30,000g for 
30 minutes. The resultant particulate 
and supernatant fractions were assayed 
for amylopectin-l,6-glucosidase activity 
before and after activation with trypsin. 
The residual particulate fraction con- 
tained 0.135 iodine dextrin color (IDC) 
unit per milliliter both before and 
after activation. In contrast, activ- 
ity in the supernatant fraction rose from 
0 to 1.250 IDC unit/ml after trypsin 
treatment. Thus release and activation 
are distinct processes. The solubilized, 
inactive enzyme prepared by sonic dis- 
ruption was precipitated with ammo- 
nium sulphate, and the precipitate was 
resuspended and dialyzed overnight. 
Activity was again determined before 
and after treatment with trypsin. The 

amylopectin-l,6-glucosidase could be 
recovered in an inactive form by am- 
monium sulphate fractionation and 
subsequently be activated. 

We believe that these experiments are 
the first to demonstrate the presence of 

zymogen granules in a plant tissue. No 
information is as yet available on the 
relation of these granules to cytological 
structures in the intact cells of the seed. 
The occurrence of such granules in 
germinating seeds and the demonstra- 
tion that enzymes are activated during 
germination may be important for un- 
derstanding the mechanism of germina- 
tion and for determining the ways in 
which the processes of germination are 
controlled. 
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