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ABBREVIATIONS 

A 

D 

cot . 

emb. 

ax. 

germ. 

CH 

glucNH2 

ME 

PEG-400 

TM 

IEF 

SDS-PAGE" 

SDS-PAGE+ 

: afterripened 

: dormant 

: cotyledons 

: embryos 

: axes 

: germination 

: cycloheximide 

: glucosamine 

: 2-mercaptoethanol 

: polyethylene glycol-400 

: tunicamycin 

: isoe lect r ic focusing 

: one dimensional polyacr, 
absence of ME 

: one dimensional polyacr 
presence of ME 

(2D) SDS-PAGE"+ : two dimensional electrophoresis with SDS-PAGE" in the f i r s t 
and SDS-PAGE in the second dimension 

M : molecular weight re la t ive to standards 

DC : difference coef f ic ient 

SEM : standard error of the mean 

Other abbreviations are in accordance with those used in Planta. 
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CHAPTER 1 

GENERAL INTRODUCTION 

Since proteins are the agents which carry out the processes of life development 

and differentiation are supposedly directed by differential gene expression. 

Gene expression may be controlled on the level of transcription, during proces

sing, transport and translation of RNA, or post-translationally. In plants at 

least three different types of control have been reported. (1) The synthesis of 

storage proteins is regulated on the transcriptional level (Goldberg et al., 
1981b; Gatehouse et al., 1982).This mode of regulation has also been found for 

superabundant mRNAs in a variety of animal systems (Davidson and Britten, 1979). 

(2) Kamalay and Goldberg (1980) reported that leaf structural genes which are not 

utilized to produce proteins in the stem were nonetheless transcribed into stem 

nuclear RNA. This indicates that in plants like in animals the control of mRNA 

translation occurs also post4ranscriptionally. (3) Proteins may be modified^or 

example by phosphorylation (Rubin and Randall, 1977) or proteolytic activity 

(Meyer et al., 1971; Wallace, 1977; Brown et al., 1982). 

The plant seed offers an excellent experimental system to study the relation

ship between protein synthesis and developmental processes in plants. For seeds 

two very different phases are distinguished: the ripening and the germination 

phase. Ripening seeds are characterized by the synthesis of reserve materials 

such as fats, starch and storage proteins. The synthesis of storage proteins is 

both from the economic and from the scientific viewpoint an important research 

subject (Spencer and Higgins, 1979). Desiccation of seeds causes a transition 

from the embryogénie developmental program to the germination program (Dasgupta 

and Bewley, 1982; Gal au and Dure, 1981; Dure et al., 1981). During and after 

rehydration of the seeds several successive developmental events occur: the 

re-activation of the metabolism along with the uptake of water, a lag phase 

which seems to be preparatory to growth, axis elongation, seedling growth, hy

drolysis of reserve materials and the synthesis of the photosynthetic apparatus. 

Dormant seeds are inhibited at some stage prior to axis elongation. 

In this thesis protein synthesis was studied in ripening, dormant (D) and af-

terripened (A) Agrosterma githago L. seeds. Ripening seeds are undessicated 

seeds taken directly from the plants. Freshly harvested dried Agrosterma seeds 

[i.e. 'dormant seeds') have a relative dormancy: They germinate at low (4 0C) 
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but not at high (20 0C) temperature. After three months of dry storage at room 

temperature the seeds are afterripened and germinate also at high temperature 

(Hübe!, 1966). Dormancy in freshly harvested Agrostemma seeds is localized in 
the embryo (Borriss and Arndt, 1956). 

Agrosterma githago is a typical weed adapted to the cultivation of cereals 

such as rye and oat. Agrostemma most probably originated in the area of the eas

tern Mediterranean. The germination response altered little during its histori

cal association with man as a weed in cultivation of cereals (Thompson, 1973; 

Hammer et al., 1982; Svensson and Wigren, 1983). Different strains have been 

collected and kept in a gene bank in Gatersleben (GDR) which at present contains 

100 accessions (Hammer et al., 1982). In the experiments described in this thesis 

a strain of Agrostemma githago was used which was originally collected near Ga

tersleben (GDR). This strain was also used by Borriss and co-workers in Greifs

wald (GDR). Apart from some investigations with ripening seeds (Borriss and Arndt, 

1956; Borriss et al., 1967; Hecker, 1976) most of their research was carried out 

with dormant, thermodormant and afterripened seeds (for reviews see: Borriss and 

Schneider, 1956; Borriss, 1956/1957; Borriss, 1977; other important publications 

in Borriss, 1967 and: Borriss, 1940; GUnther, 1957/1958; HUbel, 1966; Borriss and 

Schulze, 1967; Hirschberg et al., 1972; Borriss and Schmerder, 1978). Our re

search represents a continuation of the work of Hecker (for a short review see 

Hecker, 1977 and Hecker et al. , 1982) whose main results were that embryos of 

D and A Agrostemma seeds do not differ with regard to RNA synthesis and proces
sing, and protein synthesis, while DNA synthesis was activated in the axes of 

A seeds only (Hecker, 1975; Hecker and Bernhardt, 1976a; Hecker and Maibauer, 

1976; Hecker et al., 1976; Hecker et al., 19773^,с). Our results on protein 

synthesis in D and A Agrosterma seeds differed essentially from Heckers' because 

of improvements in the experimental procedures (see the Introduction of Chapter 

7)· 

Throughout this thesis protein synthesis in Agrostemma eirbryos is determined 

by incubation of isolated embryos in solutions with labeled precursors. Therefore, 

the effect of isolation on protein synthesis is examined first (Chapter 2). Part 

I (Chapters 3 to 6) deals with protein synthesis in ripening seeds. Protein syn

thesis changes during the successive ripening periods (Chapter 3). Since sto

rage proteins in Agrosterma are synthesized from large precursor proteins, the 

precursor-product relationships and the several modes of precursor-processing 

are examined (Chapter 4). The main class of storage proteins in Agrostemma is 

assenèled into an U S oligomer. This raises questions about the relationship 

between precursor cleavage and assembly of oligomers (Chanter 5). Finally, gly-
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cosylation and deglycosylation of storage proteins are investigated (Chapter 6). 

Part II (Chapters 7 to 12) concerns protein synthesis in D and A Agrosterma 

seeds. Prior to axis elongation A seeds pass through preparatory processes which 

lead to an increase of protein synthesis in the axes and, to a smaller extent, 

in the cotyledons (Chapter 7). D seeds do not pass through these preparatory 

processes and do not have the increased rate of protein synthesis (Chapter 3). 

The relationship between protein synthesis and germination is further investi

gated by determination of growth rates and protein synthesis after incubation 

in inhibitors and after partial afterripening of D seeds (Chapter 9). Protein 

synthesis in D and A seeds is examined qualitatively (Chapter 10). Finally, the 

degradation of early synthesized proteins is investigated quantitatively and 

qualitatively (Chapters 11 and 12). 
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CHAPTER 2 

THE EFFECT OF ISOLATION ON PROTEIN SYNTHESIS IN RIPENING, 

DORMANT AND AFTERRIPENED AGROSTEMMA GITHAGO L. EMBRYOS 

ABSTRACT 

Isolated embryos are more suitable for in vivo study of protein synthesis than 
non-isolated embryos because, after isolation, the uptake of labeled amino 
acids is about 1000 times higher. However, isolation also stimulates protein 
synthesis: Up to 4 h after isolation, the capacity to incorporate labeled 
amino acids increased 7 times. Therefore, data on incorporation obtained with 
isolated embryos cannot be extended to non-isolated embryos. 

The increase of protein synthesis was not due to synthesis of specific pro
teins, but was a general increase. In addition, ripening, dormant and after-
ripened embryos showed the same degree of increase. Isolation therefore stim
ulates protein synthesis nonspecifically. 

When embryos were kept under anaerobic conditions after isolation, protein 
synthesis did not increase. Therefore, higher oxygen consumption after removal 
of the seed coat is probably the cause of the higher incorporation capacity. 
Furthermore, the activation of protein synthesis lagged several hours behind 
the increase of oxygen consumption. 

INTRODUCTION 

Seed coats of most plant species inhibit the uptake of labeled precursors by 

the embryo (Klein et al., 1971; Bernhardt et al., 1978). Because of this permea

bility barrier, most authors isolate embryos from seeds or prick seeds for the 

study of in vivo incorporation. No attention is given, however, to the effect 

of this isolation on the metabolism of the embryo. In plants, embryo isolation 

increases oxygen consumption strongly (Yemm, 1965). It was found in many systems 

that oxygen availability affected protein synthesis quantitatively and qualita

tively (Rasi-Caldogno and Michelis, 1978; Bertam' and Brambilla, 1982). Moreover, 

Grzelczak and Buchowicz (1977) showed that for wheat embryos isolation stimulated 

the synthesis of rRNA. As a part of the investigations in this thesis on protein 

metabolism in ripening, dormant, and afterripened Agrostemma githago embryos, I 

wanted to know if protein synthesis in isolated embryos is affected by the ex

cision itself. To my knowledge, no paper reports a critical investigation on the 

influence of isolation of embryos on protein metabolism. This chapter reports 

that isolation increases protein synthesis in ripening, dormant, and afterripened 
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Agroetemma embryos and that this increase is caused by higher oxygen consumption 
of isolated embryos. 

To study the influence of isolation two methods could have been tried. First, 

radioactive precursors could have been added by injection. This method is, how

ever, less suitable, because the label is added to just one small area, the 

tissue is damaged by injection, and Agrosterma embryos are too thin for ade

quate injection without the label leaking out. The second method, which was 

employed here, was to isolate embryos from seeds and to determine incorporation 

into protein after short periods of incubation of the embryos in solutions with 

labeled precursors, preceded by various periods of preincubation of isolated 

embryos without label. It is likely that immediately after isolation embryos 

synthesize proteins in the same degree as non-isolated embryos. If isolation 

has no effect, incorporation of labeled amino acids should be the same immedia

tely after isolation or after long preincubation. 

MATERIALS AND METHODS 

Plant material 
Seeds of Agrostemma githago L. (Provenance Gatersleben, GDR) were cultivated 
in the Botanical Garden of the University of Nijmegen in 1978. After harvest 
the air-dry seeds were stored at room temperature for 4 months or longer (A 
seeds), or at -20 0C (D seeds) (Hübel, 1966). 

Inaubat-Lon proaeduree 
For most experiments, embryos were isolated from seeds after 14 h imbibition 
at 20 0C on moistened filter paper. Preincubation of isolated embryos was per
formed in petri dishes on filter paper moistened with an aqueous solution of 
10 mM KCl, 1 mM СаСІ2, and 50 yg ml"1

 chloramphenicol (Bernhardt et al., 1978). 
No growth was detectable during preincubation which lasted maximally 4 h. For 
incorporation studies, samples of 5 embryos were incubated in 200 μΐ of the 
same solution, to which labeled precursor was added. 

Determination of TCA-soluble and TCA-insoluble label 
Sets of 5 embryos were homogenized in potter tubes in 3 ml 10 mM Tris-HCl + 
0.02% Triton X-100, pH 8.0. To the homogenates 1 ml 20% TCA was added. After 
10 min at 90

 0
C, the proteins were precipitated overnight at 4

 0
C and centri-

fuged for 20 min at 1500^. To 0.25 ml of the supernatant 3.5 ml Aqua luma was 
added. Dependent of the relative amount of un-incorporated label, the pellets 
were washed 1, 2, or 3 times with 7 ml S% TCA. For each wash, the pellets were 
resuspended and then precipitated overnight at 4

 0
C. The washed pellets were 

each dissolved in 0.5 ml 20% K0H. After 5 min at 100
 0
C , 4.5 ml water was 

added. Then to 0.5 ml of sample 3.5 ml Aqua luma was added. The samples were 
counted in a Philips LSA PW 4540. 

Isoelectric focusing (IEF) 
After incubation the sets of 5 embryos were homogenized in 0.5 ml 10 mM Tris-
HCl + 0.02% Triton X-100, pH 8.0 at 0 °C. The homogenized extracts were im
mediately used for electrophoresis. IEF was performed with slab gels (pH 3.5-
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9.5) according to the directions of the supplyer (LKB). After separation the 
gels were fixed, stained and destained. The gels were dried on a Bio-Rad slab 
gel dryer and autoradiography was performed with Kodak RP Royal X-Omat film. 

Determination of oxygen consumption 
Oxygen consumption was determined in a Warburg apparatus at 20

 0
C. In the main 

compartment 0.5 ml water was added. CO2 was removed with 0.3 ml 20% KOH and a 
piece of filter paper in the center compartment. Before the measurements started 
the vessels were allowed to equilibrate for 10 min. 

Radioactive materials 
•И. reclamino acid m

 ч
 , ..._ . ,,.-,- •·-

ine (25.2 TBq mmol"l) were purchased 

Наагоааіг е таіеггаіз 
[

3
H]water (135 MBq m l

- 1
) , [

14
C]amino acid mixture (2.15 GBq maf C-l), [4

S
5-

3
H]-

leucine (3.89 TBq mmol
- 1
), and [

35
S]methionir 

from the Radiochemical Centre, Amersham, UK. 

RESULTS 

Uptake of amino aaids by non-isolated and isolated embryos 
14 3 

When seeds were incubated in a mixture of [ Clamino acids and [ H]water, the 

uptake of C-label by the embryos was extremely low (Table 1). Maximally 0.05% 

of the applied C-label was taken up by the 5 embryos. The uptake of H-label 
14 

was 4.4%, about 100 times higher. Furthermore, most C-label was taken up 
during the f i r s t 6 h of i m b i b i t i o n , probably entering along with the water. 

14 3 
Table 1. Uptake of [ Clamino acids and [ H]water by D and A embryos 
remaining wi th in intact seeds and by isolated D and A embryos. Samples 
of 5 seeds were imbibed in a mixture of 14 kBq [^Clamino acids and 
533 kBq [3H]water in 200 μΐ water. After 6 and 20 h i m b i b i t i o n , the 
embryos were isolated from the seeds and analysed. From other samples 
of 5 seeds the embryos were isolated a f t e r 18 h imbibit ion in the 3H/14C 
medium and incubated again for 2 h in 200 μΐ fresh 3 H/^C medium. Each 
value represents the mean of 6 samples ± confidence l i m i t s at 95% l e v e l . 

D, 6h non-isol. 

D, 20h non-isol. 

D, 18h non-isol. + 2h isol. 

A, 6h non-isol. 

A, 20h non-isol. 

A, 18h non-isol. + 2h isol. 

Medium before incubation 

14
C(cpm) 

191±40 

242±52 

182,283*12,637 

245±78 

329±71 

225,338±14,524 

701,313 

3
H(cpm) 

661,820*48,743 

704,600±56,269 

724,824*52,911 

713,307*30,912 

709,544*38,155 

730,219*62,388 

16,213,889 

3
H/

1 4
C 

3,456 ±651 

2,911 ±511 

4.0*0.5 

2,912 ±793 

2,165 ±602 

3.2±0.4 

23.1 
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cpm · 5 embryos 

750 000 -

500 000 -

250000 -

21,0 
min after isolation 

Figure 1. Uptake and incorporation of [^Clamino acids a f t e r increa
sing periods of preincubation. Samples of 5 embryos were isolated 
from 14 h imbibed D and A seeds and preincubated on moistened f i l t e r 
paper for increasing time intervals without addit ion of l a b e l . After 
preincubation the samples were incubated f o r 12 min in 110 kBq [ ^ C ] 
amino acids. At the end of incubation t o t a l uptake, the TCA-insoluble 
label (a) and the incorporation as a percent of tota l uptake (b) were 
determined. Each value represents the mean of 3 samples ± SEM. 
D: о o; A: · · . 
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This shows that diffusion of amino acids to the embryo was inhibited. When, 

however, the embryos were isolated from the seeds after 18 h imbibition in the 
14 3 
[ Clamino acids-[ H]water mixture and incubated for 2 h more in fresh medium, 

14 the uptake of C-label increased dramatically: Before isolation the uptake was 
12 or 16 cpm-5 embryos" -h" for D or A embryos; after isolation the uptake was 
91,141 or 112,669 cpm-5 embryos" -h" , about 7,000 times higher. In the incuba-

3 14 tion medium, the H/ C-ratio was 23.1; in isolated A embryos , it was 3.2, and 

in isolated D ones, 4.0. This indicates that the uptake of amino acids by isola

ted embryos is an active process. The uptake was significantly higher in A 

embryos (p < 0.01). 

The effect of preineubation of isolated embryos on amino acid uptake and 

incorporation 

14 

Embryos were isolated from 14 h imbibed seeds and incubated for 12 min in [ Cl

amino acids after various periods of preincubation. The uptake of label after 

4 h preincubation was about 4 times higher than immediately after isolation. 

The amount of TCA-insoluble material was 30 times higher (Fig. la). Incorpora

tion, expressed as a percent of uptake, increased 7 times (Fig. lb). The stimu

lation of uptake and incorporation was found in both D and A embryos. The higher 

incorporation percentage in D embryos was independent of the length of preincu

bation. No increase was observed for embryos which remained imbibing up to 18 h 

within the seeds (data not shown). The increase after isolation is therefore not 

caused by longer imbibition. 

The observed increase of incorporation of label, however, may not be due to 

a higher capacity for protein synthesis, but to a decrease of the free amino 

acid pool in the embryos, resulting in a higher specific activity of labeled 

amino acids inside the embryos, and, consequently, in a higher incorporation 

of label into proteins. To check this possibility, incorporation experiments 
3 

were done with [ H]leucine diluted by an excess of non-labeled leucine to 
swamp out the internal pool. In both D and A embryos incorporation increased 

after 3 h preincubation (Table 2). The increase was lower because of longer 

incubation. This experiment shows that higher incorporation percentages after 

preincubation indeed reflected a higher activity of the protein synthesizing 

machinery. 

The higher capacity for protein synthesis after preincubation of the isolated 

embryos might be due to the extra synthesis of just some proteins or to an 

overall increase of protein synthesis. The first possibility would have impor

tant implications for all qualitative in vivo studies on protein synthesis in 
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Table 2. Incorporation of [ H]leucine by preincubated and non-preincu-
bated embryos in the presence of an excess of cold leucine. Samples of 
5 embryos were isolated from seeds a f t e r 14 h imbib i t ion. A 25 min incu
bation was performed in 8.5 kBq [^Hlleucine with addit ion of 5 mM cold 
leucine. Incubations were done immediately or 3 h a f t e r i s o l a t i o n . The 
uptake was 60 nmol or 100 nmol leucine per 5 non-preincubated or preincuba
ted embryos. The internal leucine pool was determined with an amino acid 
analyser and found to be about 14 nmol per 5 embryos. Each value repre
sents the mean of 3 samples ± SEM. 

incorporation 
(nmol-5 embryos"l'25 min' l ) 

D, no preincubation 

D, 3 h preincubation 

A, no preincubation 

A, 3 h preincubation 

3.0±0.1 

6.2±0.3 

2.7*0.1 

7.4±1.2 

О 15 60 240 0 15 60 240 min 

2 Q A 

Figure 2. Characterization with isoelectric focusing of proteins synthe
sized after increasing periods of preincubation. Samples of 5 embryos 
were isolated from 14 h imbibed D and A seeds. After 0, 15, 60 or 240 
min of preincubation the embryos were incubated for 15 min in 200 μΐ 
medium with respectively 8, 5, 2.5 or 0.8 kBq [35s]methionine. Samples 
were applied at the acid side of the gel. Exposure time was 15 d. The 
arrows indicate the main differences between the preincubated and non-
preincubated embryos. 

18 



seed embryos. Therefore, the patterns of newly synthesized proteins were analysed 

by isoelectric focusing, followed by autoradiography (Fig. 2). The overall pat

tern remai ned constant, with just a few differences detectable between preincu-

bated and non-preincubated embryos (indicated by arrows). Thus, the sevenfold 

increase of protein synthesis after 4 h of preincubation is to be ascribed to 

an overall increase of protein synthesis and not to a specific stimulation of 

the synthesis of just some proteins. 

The kind of proteins synthesized by ripening Agrostemma embryos differs 
highly from that of imbibed D and A embryos and consists in a large part of 

storage proteins (Chapter 3). I was interested if isolation stimulated protein 

synthesis as well in these physiologically very different embryos. Ripening 
14 

embryos of an early and of a late stage were incubated in [ Clamino acids 

either immediately after isolation or after 3 h of preincubation (Table 3). 

Preincubation of isolated embryos stimulated amino acid uptake and incorporation 

in both ripening stages. 

The effect of oxygen during preincubation 

The increase of amino acid uptake and incorporation is most likely due to 

higher diffusion, because the seed coat is known to be a permeability barrier. 

The increase may thus be due to higher gaseous exchange, particularly oxygen 

uptake, or to outward diffusion of endogenous inhibitors. Because oxygen con-

Table 3. The effect of preincubation on amino acid uptake and incorpora
tion in ripening embryos. Samples of 5 embryos, isolated from seeds at 
ripening stage 2 and 6 (see Chapter 3) and from 14 h imbibed D seeds, 
were incubated immediately after isolation or after 3 h preincubation 
in 6 kBq [^Clamino acids for 25 min. Each value represents the mean 
of 3 samples ± SEM. 

uptake incorporated incorporated 
(cpm) (cpm) (% of uptake) 

No preincubation stage 2 9,536±533 1,357±108 14.U0.4 

stage 6 31,041*3,497 9,484*1,603 30.0±1.8 

D 30,211*1,116 7,561*1,195 25.1*0.3 

3h preincubation stage 2 20,241*684 6,897*288 34.1*0.2 

stage 6 54,009*1,769 30,089*1,282 55.7*0.6 

D 66,643*2,017 43,230*1,213 64.9*1.0 
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sumption is considerably higher in isolated Agrostemma embryos (see Fig. 3 and 

Günther and Borriss, 1967), protein synthesis was determined after preincubation 

in various oxygen concentrations. Samples of 5 embryos were isolated from seeds 

and preincubated for 3 h either submersed in deaerated water, submersed in aera

ted water or emersed on moistened filter paper. Then the embryos were incubated 

for 25 min in [ C]amino acids under standard conditions (Table 4). After anae

robic preincubation by submersion in deaerated water, no increase was observed 

for both uptake and incorporation of label. When preincubation was performed by 

submersion in water saturated with air, uptake and incorporation increased con

siderably but were still lower than after preincubation by emersion on moistened 

filter paper. The differential effect of aerated and deaerated water indicates 

that the increase of protein synthesis is due to higher oxygen consumption after 

isolation. 

As shown in Fig. 1, the protein synthesis increased gradually after isolation. 

Therefore, it was investigated if there was a parallel increase in oxygen con

sumption. Sets of 15 isolated embryos, of 30 seeds or of 30 seed-residues after 

removal of the embryos were incubated in Warburg vessels in 500 μΐ water and 

Table 4. The effect of anaerobic preincubation on amino acid uptake and 
incorporation. Samples of 5 embryos were isolated from 14 h imbibed seeds 
and preincubated for 3 h either submersed in a 100 ml erlenmeyer flask 
filled with deaerated water, submersed in a 100 ml erlemeyer flask filled 
with water saturated with air (aerated during 1 h before use), or emersed 
on moistened filter paper. After preincubation the embryos were incubated 
under standard conditions for 25 min in 9 kBq [

14
C]amino acids. A non-

preincubated sample was also analysed. Each value represents the mean 
of 3 samples ± SEM. 

No preincubation 

Preincubation in 
deaerated water 

Preincubation in 

aerated water 

Preincubation on 
filter paper 

D 

A 

D 

A 

D 

A 

D 

A 

uptake 
(cpm) 

20,963±823 

20,960±1,723 

20,319±344 

21,984±1,093 

36,716±599 

35,00112,832 

42,055 879 

55,874 2,582 

incorporated 

(cpm) 

5,918±358 

4,811±367 

5,669±295 

4,880±313 

18,289±722 

11,88111,449 

27,119 470 

33,330 3,027 

incorporated 

[% of uptake) 

28.4±2.1 

23.0±0.3 

27.9±0.6 

22.2±1.2 

49.8±1.2 

33.5±1.3 

64.5±0.3 

59.3±2.8 
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oxygen consumption was measured for 4 h (Fig. 3). The oxygen consumption of 

embryos remaining within seeds was estimated by subtracting the oxygen consump

tion of seed-residues from the oxygen consumption of intact seeds. Isolation 

increased oxygen consumption immediately after isolation more than two times. 

After this sharp rise, it increased gradually from 5.3 μ1·10 min" ·15 embryos" 

to 9.3 μ1·10 min" ·15 embryos" at 4 h after isolation. The slope of the regres

sion line, calculated from the original values, is significantly different from 

zero for both D and A embryos (p < 0.001). 

It may be that there is a jump in protein synthesis just as there is a sharp 

rise in oxygen consumption. To check this possibility, isolated embryos were 
14 

incubated in [ Clamino acids anaerobically, because, as was shown previously, 

jUl02 -lOmin"· 

15 embryos or 15 seeds 

10 - isolated 

" , - ' " « ^ . embryos 

intact 
- seeds 

non - isolated 
embryos 

60 120 1Θ0 210 
mm after isolation 

Figure 3. Uptake of oxygen during imbibition of isolated embryos. Samples 
of 15 embryos were isolated from 14 h imbibed seeds, samples of 30 14 h 
imbibed seeds and samples of 30 14 h imbibed seeds from which the embryo 
was removed (seed-residues) were incubated in Warburg vessels with 500 
yl water. After IO min of equilibration the measurements were started. 
Each value represents the average uptake of oxygen per 10 min of 3 
measurements. The oxygen uptake of embryos remaining in intact seeds 
was estimated by subtracting the oxygen uptake of seed-residues from 
the oxygen uptake of intact seeds. The oxygen consumption of seed-resi
dues remained constant after the removal of the embryos and was found 
to be 1.1 μΐ · 10 ¡ηιη~1·15 seed-residues-1

. D: о and ; A: · and 
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14 
Table 5. Uptake and incorporation of [ Clamino acids during aerobic and 
anaerobic incubation. Embryos were isolated from 14 h imbibed seeds. Im
mediately a f t e r i s o l a t i o n samples of 5 embryos were incubated f o r 12 min 
in 200 μΐ of a [ ^ d a m i n o acids solution containing 12 kBq m l " ^ . Other 
samples were incubated for 12 min in 1 ml of deaerated solution con
ta in ing also 12 kBq [1 4C]amino acids ml-1 and placed under paraf f in 
o i l to prevent oxygen d i f fus ion into the solut ion during the incubation 
period. Each value represents the mean of 3 samples ± SEM. 

uptake incorporated incorporated 
(cpm) , (cpm) (% of uptake) 

Anaerobic preinc. D 22,194±1,116 1,495±95 6.7±0.3 

4.5±0.2 

D 

A 

D 

A 

22,194±1,116 

19,401±938 

19,494±988 

18,573±793 

1,495±95 

870±43 

1,590±60 

1,141±83 

Aerobic preinc. D 19,494±988 1,590±60 8.2±0.3 

6.U0.2 

anaerobic preincubation resembled the non-isolated state. Isolated embryos that 

are incubated anaerobically should reflect the protein synthesis of embryos re

maining within the seeds. As is shown in Table 5, the incorporation percentage 

under anaerobic conditions was a little lower than under aerobic conditions. So, 

protein synthesis makes no jump as oxygen consumption does. These results show 

that the increase of oxygen consumption is not directly paralleled by the in

crease of protein synthesis. 

DISCUSSION 

Most authors who investigated in vivo synthesis of RNA and proteins in plant 

seed embryos applied labeled precursors to isolated embryos without paying 

attention to a possible effect of isolation. It has been known for a long time, 

however, that isolation stimulates oxygen consumption strongly. Furthermore, 

oxygen availability influences both the rate of protein synthesis and the kinds 

of proteins that are synthesized (Rasi-Caldogno and de Michelis, 1978; Mocquot 

et al., 1981; Okimoto et al., 1980; Bertani and Brambilla, 1982). In this chapter 

it is shown that in Agrosterma embryos isolation stimulated protein synthesis 

strongly: At 4 h after isolation the protein synthesis was about 7 times higher 

than it was immediately after isolation. Consequently, quantitative data on pro

tein synthesis obtained with embryos which are isolated for long periods, do not 

hold for non-isolated embryos. 
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In spite of the quantitative increase, the pattern of newly synthesized pro

teins analysed with isoelectric focusing remained for the most part the same 

after isolation. Furthermore, differences in incorporation between D and A 

embryos ( see Chapters 7 and 10) remained unaltered by isolation: This holds 

true with both quantitative (see Chapter 7) and qualitative (not shown) synthe

sis. Finally, in ripening embryos which have a very different physiological 

state, isolation stimulated protein synthesis in the same degree. Consequently, 

it is likely that isolation only stimulates protein synthesis aspecifically. 

Therefore, data obtained with isolated embryos still remain valuable. 

Many authors reported that oxygen consumption is stimulated by isolation 

(Yemm, 1965). This was also found for Agro atema (Günther and Borriss, 1967). 

Because, after anaerobic preincubation of isolated embryos protein synthesis 

was not higher, the increase of protein synthesis must be caused by higher 

oxygen consumption by isolated embryos. However, oxygen consumption and protein 

synthesis do not undergo a parallel increase: The oxygen consumption jumps about 

100% immediately after isolation and gradually increases with another 120% up to 

4 h after isolation; the protein synthesis does not show a sudden jump after 

isolation and gradually increases 7 times, up to 4 h after isolation. It was 

found by other authors (Okimoto et al., 1980; Mocquot et al., 1981; Bertani and 

Brambilla, 1982) that the electrophoresis pattern of newly synthesized proteins 

changed strongly after anaerobiosis. It should be noted that in their experiments 

anaerobiosis was absolute while Agrosterma embryos within seeds are limited 

to about 60% in their uptake of oxygen (Fig. 3). 

The effect of isolation on protein synthesis in ripening embryos is also 

examined in Chapter 4. The relation between protein synthesis and isolation in 

dormant and afterripened seeds is further examined in Chapter 7. 
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PART I 

PROTEIN SYNTHESIS IN RIPENING 

AGROSTEMMA GlTHA GO L. SEEDS 
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CHAPTER 3 

CHANGES IN PROTEIN SYNTHESIS DURING THE RIPENING OF AGROSTEMMA GITHAGO L. SEEDS 

ABSTRACT 

The transition from the growth to the maturation phase in ripening seeds of 
Agrostemna gitliago coincided with major changes in the rate of protein synthesis, 
the kinds of proteins synthesized, and the composition of the non-protein-bound 
amino acid pools. Changes were also observed for viability and the ability to 
withstand desiccation. In rehydrated dormant and afterripened seeds no synthesis 
of storage proteins was observed with the exception of one particular set of 
storage proteins. Dormant and afterripened seeds synthesized the same kinds of 
proteins during early imbibition indicating an almost identical metabolic state 
which differs considerably from that of ripening seeds. 

INTRODUCTION 

Embryogenesis may be divided into four phases: (1) differentiation of all major 

tissues, (2) embryo growth including both cell division and cell elongation, (3) 

embryo maturation during which the bulk of reserve materials is accumulated, and 

(4) desiccation of the seeds (Walbot, 1978). In the course of ripening,large 

changes occur for many characteristics such as the rates of DNA, RNA and protein 

synthesis, the synthesis of the various classes of storage proteins, hormone 

content, viability, dormancy, the ability to withstand desiccation and the com

position of the free amino acid pool (see Discussion for references). As to how 

these changes are regulated knowledge is restricted (Dure, 1975; Walbot, 1978). 

In ripening Agrostemna. githago seeds storage proteins are synthesized by clea

vage of large precursor proteins (Chapter 4). In this chapter it is reported 

that all classes of storage proteins are present throughout the embryo growth 

and the embryo maturation phases, but that the rate of synthesis of the various 

classes of storage proteins changes during ripening. In addition, major changes 

are observed for the rate of total protein synthesis, viability, the ability to 

withstand desiccation and the content of the non-protein amino acid pool. The 

data indicate that the major shift in these parameters corresponds with the 

transition of the embryo growth to the embryo maturation phase. 

When mature Agrosterma seeds desiccate they are dormant. After three months 

of dry storage, seeds are afterripened and germinate when imbibed at 20 0C (HU-
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bel, 1966). In Agroetemma dormancy is located in the embryo (Borriss and Arndt, 

1956). Dormant embryos are capable of high protein synthesis (Chapter 7). The 

data presented in this chapter indicate that imbibed dormant and afterripened 

seeds are very much alike with regard to protein synthesis and that they both 

differ considerably from ripening seeds. 

MATERIALS AND METHODS 

Plant material 

The ripening seeds used in the various experiments were derived from plants of 
Agrostemma githago L. (Provenance Gatersleben, GDR) cultivated in the Botanical 
Garden of the University of Nijmegen in 1980 and 1982. The plants were grown from 
seeds either in the field from May till September or 1n the greenhouse from De
cember till May. The source of the seeds used is indicated in each experiment. 
Before use, the pods were first stored at room temperature for 3 h. Experiments 
repeated over several years yielded essentially the same results. 

Dormant and afterripened seeds were obtained from plants grown in 1977. After 
harvest the seeds were either inmediately stored at -20

 0
C (dormant seeds) or 

kept for 1 year under dry storage conditions at room temperature and then at 
-20 OC (afterripened seeds) (HUbel, 1966). 

Pulse and pulse-chase aonditions 
For qualitative determinations,embryos were excised from seeds which were collec
ted from several pods. For pulse-labeling, samples of 5 embryos were incubated in 
150 yl 10 mM KCl, 1 mM CaClg and 50 vq ml

- 1
 chloramphenicol (Bernhardt et al. , 

1978) to which labeled precursors were added. After the pulse the embryos were 
rinsed in distilled water and transferred to filter paper moistened with the 
KCl-CaClg-chloramphenicol solution containing 100 mM of the appropriate unlabeled 
precursor and after 2 h chase to a fresh solution containing 10 mM unlabeled 
precursor. 

For quantitative determinations, samples of 5 embryos were taken from several 
pods and incubated for 1 h in 200 yl KCl-CaClp-chloramphenicol solution to which 
37.7 kBq [Зщіеисіпе was added together with 10 mM unlabeled leucine to swamp 
the internal leucine pool. 

Electrophoresis 
After pulse or pulse-chase the samples of 5 embryos were rinsed in distilled 
water and homogenized in 1 ml cold 50 mM Tris-HCl (pH 8.0) in an all-glass homo-
genizer. The homogenate was diluted 1:1 with a solution containing 4% SDS, 20% 
glycerol, 10% ME and 0.05% Bromphenol blue. The mixture was heated inmediately 
for 3 min at 100

 0
C and centrifuged for 5 min at lOOOg. Electrophoresis was 

carried out as described by Laemmli (1970) using 13% gels. After separation, the 
gels were stained with Coomassie blue R-250, destained and photographed. Gels 
with [

35
S]proteins were dried on a BioRad slab gel dryer. Autoradiography was 

performed with Kodak X-0mat R film. Gels with [
3
H]- and [

14
C]proteins were cut 

with a Mickle gel slicer into 2 mm slices. These were dissolved overnight in 0.3 
ml H2O2 at 65 oc. Subsequently 3.5 ml Aqua luma (Baker) was added for liquid 
scintillation analysis. 

Determination of labeled protein 
Determination of labeled protein was carried out as described in Chapter 2 by 
precipitating proteins in hot 5% TCA. 
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Determination of free and oligopeptide bound amino acids 
Samples of\15 embryos were excised from seeds at several stages of ripening and 
homogenized in 5 ml 80% ethanol to which 0.1% th iodig lycol and 0.1% c i t r i c acid 
were added. The homogenates were centr i fuged f o r 20 min at 1500^ and the pel lets 
washed 2 times with 7 ml of the ethanol s o l u t i o n . One half of the supernatant and 
the pe l le t were hydrolysed overnight at 120 0C in 6 N HCl under N 2 . The superna
t a n t , the hydrolysed supernatant and the hydrolysed p e l l e t were analysed with a 
JE0L 6-AH analysator. Norleucine was used as an internal standard and added pr ior 
to homogenization. 

Radioactive materials i n ι , -зс 
[ l - 1 4 C ] l e u c i n e (2.19 GBq mmol - 1 ), [^б-ЗнЛеисіпе (3.89 TBq mmol'l) and [ « S ] -
methionine (23.1 TBq mmol"1) were purchased from the Radiochemical Centre, Amer-

RESULTS 

Developmental stages of ripening Agrostemma seeds 

On the basis of the darkening colour of the seed coat Borriss et al. (1967) and 

Hecker (1976) divided the ripening of Agrostemma githago seeds into several sta

ges. During the first two stages, the testa is white and the fresh weight of the 

embryos increases sharply. Then the fresh weight increase slows down and the 

testa becomes successively yellow, brown, dark-brown and black. Finally, the 

seeds desiccate (Hecker, 1976). In our experiments the same observations were 

made and a slightly modified version of ripening stages is presented in Table 1. 

The data of Hecker (1976) on [H]thymidine incorporation show that stages 1 and 2 

Table 1. Characterization of the ripening stages in developing Agrostemma 
githago seeds. The data on dry weight are derived from the seeds used for 
the experiment of Fig. 4. The data on days after flowering were obtained 
from plants grown in the greenhouse. 

stage 1 

stage 2 

stage 3 

stage 4 

stage 5 

stage 6 

white, covered with 
зііщу liquid 

white 

yel1ow 

brown 

dark-brown 

black 

dry weight 
(mg-dry weight

-1
) 

2.2 - 5.0 

6.3 - 11.2 

12.9 - 16.8 

19.1 - 23.2 

21.0 - 27.2 

20.6 - 27.2 

days after 
flowering 

10 - 16 

17 - 20 

21 - 24 

25 - 28 

29 - 35 

36 - 42 
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correspond with the embryo growth phase, stages 3 to 5 with the maturation phase 

and stage 6 with the desiccation phase (Walbot, 1978; see Introduction). In addi

tion, a timetable of the stages was made under controlled conditions in the 

greenhouse (Table 1). As reported for other species (Walbot, 1978) the maturation 

phase starts about halfway seed development. 

Synthesis of the various classes of storage proteins 

Proteins extracted from embryos of the successive ripening stages 1 to 6, sepa

rated by SDS-PAGE and stained with Coomassie blue showed almost identical pat

terns from stage 3 to 6 (Fig. 1). The proteins which are abundantly present,were 

all degraded during germination (unpublished observations) and are consequently 

storage proteins. The storage proteins are marked by Roman numerals. The patterns 

of stages 1 and 2 differ from stages 3 to 6 particularly by a reduced staining 

of the bands X and XI. The storage proteins VI, VIII and IX are also present in 

lower amounts in the early stages. 

For many species it has been reported that during ripening the rate of syn

thesis changes for the various classes of storage proteins (see Discussion for re

ferences). It will be shown in Chapter 4 that in Agrostemma storage proteins are 
not synthesized directly but by cleavage of large precursor proteins. Therefore, 

the synthesis of storage proteins during successive ripening stages was studied 

with pulse and pulse-chase experiments. Embryos were excised from ripening seeds 
35 

at various stages of development and incubated for 4 h in [ S]methionine. There
after, with half of the embryos a chase was performed. After the 4 h pulse the 
storage embryos indicated by VI, VIII and IX were heavily labeled (Fig. 2). These 
bands are synthesized by cleavage of large precursor proteins of 88, 69, 66, and 
65 kD (Chapter 4) which were also heavily labeled during the pulse: band I 

Figure l. Fractionation by SDS-PAGE+(13% gel) of proteins extracted from 
embryos at 6 successive ripening stages. The gel is stained with Coomassie 
blue. Roman numerals indicate the main storage proteins. The Mr is given in 
brackets and is taken from Chapter 4. The experiment was performed with 
seeds obtained from plants grown in the field in 1980. 

Figure 2. Fractionation by SDS-PAGE+(13% gel) of proteins extracted from 
embryos at 6 successive ripening stages, which were labeled for 4 h with 
2 MBq [35S]methiom'ne and either directly analysed or after a 48 h chase 
with addition of unlabeled methionine. Autoradiography was performed for 
15 days. The various components are indicated by Roman numerals. The ex
periment was carried out with seeds obtained from plants grown in the 
field in 1980. 
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and the three bands of III respectively. After a 48 h chase, bands I and III had 

totally disappeared and the heavily labeled bands all coincided with storage pro

teins. 

After the 4 h pulse a smear of label was observed at the same place of the gel 

as band Via. After the 48 h chase, however, this smear had disappeared (Fig. 2). 

In addition, it was found that in band Via almost no incorporation of labeled 

methionine occurred because this protein has an extremely low methionine content 

(Chapter 4). This indicates that the label found at the position of Via after 

the 4 h pulse was not Via but another protein. This protein is likely an inter

mediate in the synthesis of VIb which is deglycosylated during the chase, there

by yielding VIb (Chapter 6). 

When embryos were excised from 16 h imbibed dormant and afterripened seeds 
35 

and pulse-labeled for 4 h with [ S]methionine, the electrophoresis pattern of 

newly synthesized proteins was the same in dormant and afterripened embryos 

(Fig. 2). The main difference with the patterns of ripening seeds is the absence 

of labeling of storage protein precursors. In addition, some bands were labeled 

strongly only in dormant and afterripened embryos. As opposed to ripening embryos 

no or almost no processing of proteins was observed in dormant and afterripened 

embryos during the chase. Finally, it should be noted that in dormant embryos 

after the chase low labeling of band IX was found. After longer exposure, also 

labeling of IX was observed after the 4 h pulse in both dormant and afterripened 

embryos. 

In Fig. 2 it can be seen that bands I and III are being synthesized in all 

stages that were examined. The proteins of band III, however, appeared to be 

more synthesized at the beginning of the ripening period and band I at the end. 

Because autoradiography is not suitable for a precise comparison and because 
35 

band I is little labeled with [ Slmethionine (see above), the rate of synthesis 

of the various classes of storage proteins during ripening was also studied in 

double labeling experiments. Embryos were excised from stage 1 and stage 6 seeds, 
3 14 

pulse-labeled for 1 h with [ H]- and [ Clleucine respectively and, thereafter, 

chased. Stage 1 and 6 embryos of the corresponding pulse and pulse-chase periods 

were homogenized together and subjected to electrophoresis (Fig. 3). The patterns 
3 14 

of H- and C-labeled proteins synthesized during the 1 h pulse differed strongly 

(Fig. 3a). Stage б embryos synthesized the precursor proteins I and III at a 

higher rate than stage 1 embryos. Furthermore, in stage 1 embryos the synthesis 

of band I is much lower and the synthesis of band III only a little lower. After 

the 1 h pulse, no label was found yet in the region of bands VI and VIII. 

When the 1 h pulse was followed by a 5 h chase, bands I and III had disappeared 
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Figwe 3. Patterns of Η- and C-label ed proteins after SDS-PAGE 
(13% gel) of [ЗнЛеисіпе pulse-labeled and pulse-chased stage 1 embryos 
and [l^Clleucine pulse-labeled and pulse-chased stage 6 embryos. Incu
bations were performed for 1 h with samples of 5 (stage 6) or 10 (stage 
1) embryos in377 kBq [

14
C]leucine and 1.88 MBq [

3
H]leucine respectively. 

After the pulse the embryos were chased in the presence of unlabeled 
leucine. The samples were analysed directly after the 1 h pulse (a), 
after a 5 h chase (b) and after a 23 h chase (c). The experiments were 
carried out with seeds obtained, from plants grown in the field in 1982. 
Stage 1: о о; Stage 6: > ». 

in both stage 1 and stage 6 embryos and almost all label was found in bands IV, 

VI, VIII and IX (Fig. 3b). It will be shown in Chapter 4 that bands IV and VIHd 

are synthesized by cleavage of band I and subsequently, after longer chase times, 

processed to Via and VHIb respectively. Consequently, after the 5 h chase in 

stage 1 embryos low labeling of bands IV and VII Id was observed (Fig. 3b). Be

cause after the 5 h chase only low amounts of Via were formed, the labeling of 

band VI was about the same in stage 1 and 6 embryos. Due to low labeling of band 
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protein synthesis 

( η m o l leu h " 1 · 5 e m b " 1 ) 

10 
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Θ 

/^desiccated and 
rehydrated 

10 ZO 30 

embryo dry weight 

( m g - 5 e m b " 1 ) 

Figure 4. Incorporation of exogenous leucine by embryos excised directly 
from ripening seeds of stage 1 to 6 and by embryos excised from seeds of 
stage 1 to 6 that were first dried for 48 h and then rehydrated for 16 
h. Samples of 5 embryos were incubated for 1 h in 38 kBq [Зщleucine 
with addition of 10 mM unlabeled leucine. Each value is the mean of 6 
determinations ± SEM (a). Inserted is the germination percent of seeds 
of the successive ripening stages after imbibition at 4

 0
C. From each 

stage 40 to 50 seeds were used (b). The incorporation experiments with 
ripening and dried-and-rehydrated seeds and the germination experiment 
were done with seeds taken from the same pods. The experiments were 
carried out with seeds obtained from plants grown in the field in 1982. 

35 
IV with [ S]methionine, this band could not be visualized in Fig. 2. 

After a 23 h chase, bands IV and VIHd were processed to IVa and Vlllb which 

were correspondingly lowly labeled in stage 1 embryos. The total amount of label 

in storage proteins VI, VIII and IX decreased in stage 1 embryos between 5 and 23 

h of chase with about 20%. This may indicate that in isolated stage 1 embryos sto
rage proteins are broken down. 

When stage 3 and 6 embryos were compared by the same double labeling technique, 

the patterns of H- and C-labeled proteins were for the greater part the same. 

However, in stage 3 embryos the synthesis of band I was still somewhat lower. 
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Rate of protein synthesis^ viability and ability to withstand desioaation 

Embryos were excised from seeds of the various ripening stages and incubated in 
3 
[ H]leucine with addition of 10 mM unlabeled leucine to swamp the internal leu

cine pool. The rate of protein synthesis per embryo increased up to stage 5 and, 

thereafter, decreased somewhat (Fig. 4a). When the amount of nmol applied leu

cine incorporated per mg dry weight is taken as a measure of the rate of protein 

synthesis, stages 1 and 2 had the highest rate which was 1.2 and 0.9 nmol-mg" , 

respectively. Although the dry weight increased from stage 2 to 3 with 75%, the 

rate of protein synthesis per embryo remained constant. Calculated per mg dry 

weight protein synthesis dropped to 0.5 nmol-mg" and remained at this level du

ring stages 4 and 5. Thereafter, protein synthesis dropped again in stage 6. The 

strong decrease of protein synthesis calculated per mg dry weight from stage 2 

to 3 was observed repeatedly in consecutive experiments. 

When ripening seeds of the various stages were dried for 48 h and rehydrated 

for 16 h the rate of protein synthesis in stage 1 and 2 embryos was very low, 

about 0.1 nmol-mg dry weight" (Fig. 4a). At stage 3 protein synthesis increased 

sharply to 0.3 nmol-mg" and remained at this level up to stage 6. Firstly, these 

data indicate that stage 1 and 2 embryos have only a low ability to withstand 

desiccation. Secondly, ripening embryos have a higher capacity for protein syn

thesis than imbibed dormant embryos. Thirdly, the capacity for protein synthesis 

of imbibed dormant embryos is higher, the more they have completed the ripening 

period. 

When ripening seeds were allowed to germinate at 4 C, they were unable to 

germinate at stages 1 and 2 (Fig. 4b). This is in all likelihood not caused by 

deep dormancy: Borriss and Arndt (1956) found that excised ripening embryos from 

stages 1 and 2 were not dormant, but as opposed to later ripening stages, ger

minated when cultured on medium with nutrients. In addition, imbibition at 4 0C 

unvariably leads to germination, even when a high degree of secondary dormancy 

is superimposed on innate dormancy in dormant Agrosterma seeds (de Klerk and 

Willekens, unpublished results). Therefore, the lack of germination in stage 1 

and 2 seeds is likely due to an insufficient content of energy rich materials 

to support germination. 

.Free amino aaid and oligopeptide pools 

The changes in protein synthesis during ripening indicate that the free amino 

acid pool might also alter. Therefore, the amino acid content of the non-protein 

fraction was examined (Table 2). Because in Agrostemma embryos a large portion 
of the non-protein amino acids is present as bound amino acids, likely oligo-
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Table 2. The amino acid composition of the 80% ethanol-soluble fraction 
before and after hydrolysis of stage 1, 2, 3, 4, and 6 embryos. Of stage 
6 embryos, the composition of the proteins (the 80% ethanol-insoluble 
fraction) is also given. The amino acid composition is expressed as a 
percent of total. Each value is the mean of 2 samples. The experiments 
were performed with seeds obtained from plants that were grown in the 
greenhouse in 1980. 
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thr 

ser 

glu 

pro 

giy 

ala 

cys 

α-aba 

val 

met 

ileu 

leu 

tyr 

phe 
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1
) 

γ-aba 

orn 

lys 

etNH
2 

his 

arg 

total
2) 

total
3) 

% pept.
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80% ethanol-s 

1 

0.4 

5.5 

3.6 

11.6 

21.0 

1.4 

23.8 

1.0 

-

1.7 

2.1 

0.4 

1.1 

1.3 

0.7 

-

1.2 

0.9 

2.0 

3.8 

1.5 

15.3 

2158 
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) 

2 

0.3 

2.9 

2.0 

12.2 

15.8 

1.7 

28.9 

-

-

1.8 

1.3 

0.3 

0.9 

1.0 

0.4 

-

1.2 

1.1 

1.6 

1.9 

1.0 

23.7 

6798 

796 

3 

3.9 

4.9 

5.6 

14.9 

3.1 

0.7 

18.8 

-

-

3.2 

1.8 

0.6 

1.0 

1.0 

0.3 

5.6 

0.9 

1.0 

1.1 

3.1 

1.0 

29.9 

5060 

356 

oluble 

4 

4.5 

5.2 

5.6 

16.0 

1.3 

0.5 

9.2 

-

-

5.9 

1.9 

1.1 

1.7 

1.0 

0.4 

10.4 

0.5 

0.5 

1.9 

0.5 

0.9 

30.7 

3488 
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6 
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13.0 
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-

-
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0.8 
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0.3 

-
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-

-

0.6 

0.3 

1.7 

32.1 

2382 

98 

80% ethanol-soluble 
hydrolysed 

1 

1.3 

1.0 

3.6 

17.0 

18.4 

3.4 

22.2 

0.9 

-

2.0 

2.8 

0.6 

1.3 

1.3 

0.9 

-

1.0 

1.0 

2.2 

2.8 

1.5 

14.2 

2266 
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4.8 

2 

1.8 

1.0 
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0.8 
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0.5 
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0.8 
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1.9 
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0 
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1.0 

2.6 

1.4 

1.2 

23.7 

5812 
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1.9 

-
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0.5 
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0.9 
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» 
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2.4 
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0.2 

4.0 

1.1 

1.2 

17.3 

6544 
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peptide bound (Köhler, 1967; Chapter 11), also hydrolysed non-protein fractions 

were analysed. In the non-protein fraction (i.e. the 80% ethanol-soluble fraction) 

no proteins were observed after SDS-electrophoresis. With the exception of stage 

1 embryos the total amount of non-protein amino acids (i.e. the hydrolysed 80% 
ethanol soluble fraction) was about 6000 nmobS embryos . Calculated per mg dry 

or fresh weight, there was a strong drop from stage 2 to 3. From stage 3 onward, 

the percent of oligopeptide-bound amino acids increased up to 63.6% in stage 6. 

Correspondingly, the amount of free non-bound amino acids dropped from stage 2 

to 3 and onward, both per embryo and per mg fresh or dry weight. In dry embryos 

obtained from plants grown outdoors, oligopeptides made up about 80% of the non

protein fraction (de Klerk and van der Krieken, unpublished observations). 

During ripening the composition of the non-protein amino acid pool changed 

considerably. There is a remarkable reduction in proline from stage 2 to 3 and in 

alanine from stage 3 to 4. In stage 1 both amino acids made up about 20% of the 

total pool and in stage 6 their share dropped to about 2% in the free non-bound 

amino acid pool and to 5% in the total non-protein pool. Increases were found 

for valine, glycine and arginine. Little arginine appeared to be bound to oligo

peptides: only 32% as opposed to the mean of about 64% for all amino acids. Fi

nally, in the non-hydrolysed fractions of stages 3 to 6, an unidentified amino 

acid compound was observed. It eluted from the column after phenylalanine almost 

coincident with glucosamine. This compound was also found with thin layer chro

matography, but then did not coincide with glucosamine. This compound is likely 

orcylalanine which is synthesized in large amounts in ripening Agrostemma seeds 
(Schneider, 1961). The disappearance of this compound after acid hydrolysis at 

120 0C was not included in the determination of the amino acid content of the 

hydrolysed fractions. 

During ripening the oligopeptide content of Agrostemma embryos increased 

strongly (Table 2). Higgins and Payne (1981) observed a high correlation between 

the amino acid composition of the oligopeptide pool and the storage proteins in 

germinating barley. In stage 6 Agrostemma embryos the free non-bound amino acid 
pool had a correlation of 0.54 with the protein fraction (after tentative correc

tion for glutamine and asparagi ne which were released from the column together 

with threonine). The correlation of the total non-protein fraction with the pro

tein fraction was much higher, 0.83. The correlation of the protein fraction 

with the oligopeptide fraction (calculated by subtracting the content of the non-

bound amino acid pool from the total non-protein fraction)was 0.89 (for all: 

N=17, the amino acids which are not present in proteins were omitted). For stage 

1, 2, 3, 4, and 6 embryos the correlation of the total non-protein fraction with 
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the protein fraction of stage 6 embryos, which consists for the greater part of 

storage proteins (Fig. 1), was 0.36, 0.40, 0.64, 0.73, and 0.83 respectively. 

This shows that the composition of the total non-protein fraction gradually 

becomes more alike the storage proteins. 

DISCUSSION 

The data presented in this chapter were obtained from plants grown outdoors with 

the exception of those presented in Table 2 and with regard to the timetable in 

Table 1 which were obtained with plants grown in the greenhouse. This might have 

contributed to variations in the results. However, the results were essentially 

the same in repeated experiments. 

Hecker (1976) found in ripening Agrostemma seeds higher levels of incorpora-
3 

ti on of [ H]thymidine compared to the later stages indicating that in the embryos 

of stages 1 and 2 cell divisions occurred. For many species, however, an increase 

of DNA content has been observed after the cessation of cell division resulting 

in high levels of polyploidy (Millerd and Whitfield, 1971; Walbot and Dure, 1976; 

Dhillon and Miksche, 1983). Because in ripe Agrosterma embryos polyploidy is low, 

i . e . Ш (Hecker et al. , 1979) compared with 48% in soybean (Dhillon and Miksche, 

1983), DNA synthesis in stages 1 and 2 is most probably due to cell division. 

Therefore, stage 1 and 2 seeds are in all likelihood in the embryo growth phase. 

From stage 2 to the later stages significant changes occur. The fresh weight 

increase of the embryos slows down (Hecker, 1976). The embryos develop dormancy 

(Borriss and Arndt, 1956). The seeds are capable of germination in the absence 

of nutrients and get the ability to withstand desiccation (Fig. 4). The rate of 

protein synthesis calculated per mg dry weight dropped sharply. Calculated per 

embryo it increased up to stage 5 and then decreased (Fig. 4). The rate of syn

thesis of the various classes of storage proteins changed (Figs. 2 and 3). Fi

nally, large changes were observed for the composition of the non-protein amino 

acid pool (Table 2). 

Similar observations were made by other authors. It was found that storage pro

tein synthesis started in the cell division phase (Millerd and Spencer, 1974) and 

that the rates of synthesis of the various classes of storage proteins were dif

ferent in the successive ripening stages (Paz-Ares et al., 1983; Chrispeels et 

al., 1982; Gatehouse et al. 1982). It was also found that the capacity to synthe

size proteins, calculated per embryo, increased during maturation and decreased 

along with desiccation (Beevers and Poulson, 1972; Dasgupta et al., 1982). The 

ability to withstand desiccation and viability are reported to develop halfway 
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during seed development (Rogerson and Matthews, 1977; Siddhu and Cuvers, 1977). 

In Avena fatua it was also found that seeds are dormant as soon as they are 

viable (Andrews and Simpson, 1969). Many authors studied the composition of the 

free non-bound amino acid pool during maturation (Flinn and Pate, 1968; Boulter 

and Davis, 1968; Capdevila and Dure, 1977; Sano and Kawashima, 1982; Murray, 

1983). In some species the decrease of proline and alanine (Table 2) was also 

observed. The reason for the large change observed for these two amino acids is 

unclear. Invariably high levels of glutamic acid and arginine were observed. 

To my knowledge no author studied the synthesis of the oligopeptide pool du

ring seed maturation. Only King and Leffler (1979) report indirect evidence of 

a high peptide content in ripening cotton seeds. In Agrosterma the synthesis of 

an oligopeptide pool was observed during seed maturation, likely beginning in 

the embryo maturation phase (stage 3, see Table 2). The function of the oligopep

tide pool is still obscure. Higgins and Payne (1981, 1982) supposed that it is 

an intermediate in the breakdown of storage proteins and that it functions then 

in the transport of degradation products. This is in contrast with the synthesis 

of the oligopeptide pool during ripening and with the large content of the oligo

peptide pool, which contains about 20% of the nitrogen in ripe Agrostemma embryos 
(Köhler, 1967; Borriss and Schneider, 1956). Furthermore, in imbibed dormant and 

afterripened Agvosterma embryos oligopeptides are synthesized at least in 

part directly and not via degradation of proteins (compare Breddam et al., 1981; 

see Chapter 11). These data indicate that the oligopeptide pool is a supplemen

tary storage for amino acids. This is supported by the fact that the composition 

of the oligopeptide pool and the storage proteins is similar. In contrast to sto

rage proteins oligopeptides have probably a short life and are continuously syn

thesized and degraded. Analysis with thin layer chromatography showed that there 

are many kinds of oligopeptides (de Klerk and van der Krieken, unpublished obser

vations). 

When seeds desiccate, the synthesis of storage proteins ceases and after re

hydration the synthesis of "germination proteins" commences (Dure and Galau, 1981; 

Dasgupta and Bewley, 1982). In Agrostemma embryos the synthesis of storage pro
teins makes up about 60% of total protein synthesis at the end of the ripening 

period (Fig. 3). After desiccation Agrosterma seeds are dormant. Imbibed dormant 

Agrostemma seeds have nevertheless a high rate of protein synthesis (Chapter 7). 
The electrophoresis pattern of newly synthesized proteins in imbibed dormant 

seeds is almost identical to that of afterripened seeds but differs considerably 

from ripening seeds (Fig. 2; see also Chapter 10): None or only very low synthe

sis of storage proteins is found with the exception of band IX (Fig. 2). Further-
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more,some bands are only strongly labeled in dormant and afterripened seeds. This 

indicates that dormant and afterripened seeds are very similar but differ greatly 

from ripening seeds. Whether seeds germinate or not is thus probably due to some 

minor metabolic differences between dormant and afterripened seeds. 

There is a remarkable synthesis of band IX in dormant and afterripened seeds 

(Fig. 2). It is of interest that the synthesis of this band also continued when 

at 2 days after isolation of ripening embryos from the seeds, the synthesis of 

the storage proteins, bands VI and VIII had stopped (Chapter 4). Nevertheless, the 

proteins of IX are also degraded during germination. Whether the proteins of 

band IX are present in the protein bodies is currently investigated. 

In conclusion, the data presented indicate that during the ripening of 

Agrostemma githago seeds major shifts in protein synthesis occurred, in particu

lar during the transition from the embryo growth to the embryo maturation phase 

(from stage 2 to the later stages) and when the seeds desiccate and attain the 

dormancy phase. 
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CHAPTER 4 

THE BIOSYNTHESIS OF STORAGE PROTEINS IN RIPENING AGROSTEMMA GITHAGO L. SEEDS 

ABSTRACT 

The synthesis of storage proteins in ripening Agrosterma githago seeds was 
studied by гп vivo pulse and pulse-chase experiments with labeled amino acids 
and labeled glucosamine. It was found that storage proteins were not synthesized 
directly, but via cleavage of several large precursor proteins. 

Two disulphide-linked proteins of 38 and 25 kD were synthesized via a single 
large precursor protein. This precursor protein contained internal di sul phi de 
bridges, at least one of which is involved in holding the subunit structure 
together following cleavage of the precursor. A similar mode of biosynthesis 
was noted for two other disulphide-linked proteins of 36 and 22 kD. The half-
life of the precursor was about 2 h. This mode of processing is analogous to the 
synthesis of legumin in legumes and globulin in oats. A third pair of disulphide-
bonded proteins (41 and 23 kD) was synthesized from a precursor protein in se
veral steps. These included a legumin-like cleavage, whereafter the subunits 
remained disulphide-bonded. Then, from the largest subunit a part was cleaved 
off, probably a storage protein of 17 kD. This 17 kD protein was not disulphide-
bonded to the 41-23 kD complex. The first processing step was fast, the second 
slow: the half-lifes of the precursors were about 3 h and 10 h, respectivily. 
Finally, a group of 16 and 17 kD proteins was synthesized by cleavage of large 
precursor proteins, likely in two steps. After cleavage the proteins were not 
disulphide-bonded. The half-life of the precursors was short, less than 1 h. 
In addition, for the 38 kD, 23 kD and one of the 17 kD proteins a small decrease 
of relative molecular weight was observed as a last processing step. This was 
likely due to deglycosylation. 

INTRODUCTION 

Numerous studies have been carried out on the synthesis of storage proteins in 

ripening seeds (for reviews see Spencer and Higgins, 1979; MUntz et al., 1981; 

Brown et al., 1982). It has been found that in many species storage proteins 

are not synthesized directly but by cleavage of high molecular weight precursor 

proteins. The precursor proteins may undergo several co- and post-translational 

modifications before yielding the final storage proteins. First, comparison of 

in vivo and in vitro translation products showed that the former are normally a 

few kD larger. Probably, in vitro a signal peptide is removed co-translationally 

(Burr and Burr, 1982; Higgins and Spencer, 1981). Second, some storage proteins 

are glycosylated. It was shown for phaseolin in beans (Bollini et al., 1983) and 

conglycinin in beans (Sengupta et al. , 1981) that co-translational glycosylation 
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is followed by a second glycosylation step. Third, following synthesis the pre

cursor may undergo cleavage. It was found for legumin in peas (Croy et al., 1980; 

Spencer and Higgins, 1980), glycinin in soybeans (Sengupta et al., 1981; Turner et 

al., 1981; Barton et al., 1982) and globulin in oats (Brinegar and Peterson, 1982) 

that the precursor protein is split into two subunits which, after cleavage, re

main connected by a disulphide bridge. It might be that, such as in the processing 

of pro-insulin in animals, a connecting peptide is excised (Turner et al., 1982). 

In peas the lower molecular weight vicilin subunits are also derived from large 

precursor proteins. After the successive cleavage events the subunits are not 

linked by disulphide bridges (Chrispeels et al., 1982b; Gatehouse et al., 1981). 

A similar splitting of high molecular weight precursors is also reported for 

other species, but no test was made for the presence of disulphide bridges (Dure 

and Galau, 1981; Yamagata et al., 1982). Finally, a small decrease in the relati

ve molecular weight was found as a last processing step for phytohemagglutinin 

and phaseolin in beans (Chrispeels and Bollini, 1982; Bollini et al., 1983) and 

conglycinin in soybeans (Sengupta et al., 1981). 

With the exception of the removal of signal peptides, the several modes of 

processing have been examined almost exclusively in leguminous seeds. The syn

thesis of globulin in oats (Brinegar and Peterson, 1982) indicates that the legu-

min-type of processing represents a general mode. In this chapter, the synthesis of 

storage proteins is examined in Agrosterma githago. It was found that in Agro-

stemma storage proteins are synthesized via large precursor proteins. The pre

cursor-product relations and the modes of processing were examined by differen

tial labeling of storage proteins and by comparison of electrophoresis in the 

presence and absence of ME. It was shown that the above-mentioned post-transla-

tional modifications also occur in Agrosterma. 

MATERIALS AND METHODS 

Plant material 
Plants of Agroatemma githago L. (Provenance Gatersleben, GDR) were cultivated 
in the Botanical Garden of the University of Nijmegen in 1981 and 1982. The 
seeds were sown in the beginning of May and the experiments were carried out in 
September and October. For each experiment pods of several plants were collected. 
Before use, the pods were first stored at room temperature for 3 h. Pods were 
selected which contained almost mature, dark-brown to black seeds (see Chapter 3). 

Pulse and pulse-chase conditions 
Embryos were excised from seeds which were taken from several pods. For pulse-la
beling, samples of 5 embryos were incubated in 150 μΐ 10 mM KCl, 1 mM СаСІ2 and 
50 yg ml"

1
 chloramphenicol (Bernhardt et al., 1978) to which the labeled precur

sors were added. After the pulse, the embryos were rinsed in distilled water and 
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transferred to filterpaper moistened with the KCl- CaCl2-chloramphenicol solution 
containing 100 mM of the appropriate unlabeled precursor and after 2 h chase to 
fresh solution containing 10 mM unlabeled precursor. In some experiments, the 
embryos were incubated after the pulse in medium without unlabeled precursor. 

Protein extraction 
After pulse or pulse-chase the samples of 5 embryos were rinsed in distilled 
water and homogenized in 1 ml cold 50 mM Tris-HCl (pH 8.0) in an all-glass 
homogenizer. The homogenate was diluted 1:1 with a solution containing 4% SDS, 
20% glycerol, 0.005% bromphenolblue and, where appropriate, 10% ME. The mixture 
was heated immediately for 3 min at 100 0C and centrifuged for 5 min at 1000^. 

Electrophoresis 
Protein samples were analysed by ID SDS-PAGE as described by Laemmli (1970) 
using 11% or 13% gels. After electrophoresis the gels were stained with Coo-
massie blue R-250, destained and photographed. Some gels were prepared for 
fluorography (Bonner and Laskey, 1974) using Kodak X-0mat R film. Other gels 
were cut with a Mickle gel slicer into 2 mm slices. These were dissolved over
night with 0.3 ml H2O2 at 65 0C, whereafter 3.5 ml Aqua luma (Baker) was added. 

For 2D SDS-PAGE-+, first ID SDS-PAGE" was performed on a 11% slab gel. Then 
from one track a 2 mm broad lane was excised and equilibrated for 15 min in a 
125 mM Tris-HCl (pH 6.8), 0.1% SDS and 5% ME solution. Then the excised lane 
was brought onto the second dimension gel which was 13%. A 1% agarose gel with 
125 mM Tris-HCl (pH 6.8), 0.1% SDS, 2% ME and 0.005% Bromphenolblue was used to 
keep the first dimension gel in place and to avoid mixing of the proteins moving 
from the first to the second dimension gel. 

Mr was determined using lysozyme (14.3 kD), ß-lactoglobulin (18.4 kD), tryp-
sinogen (24 kD), carbonic anhydrase (29 kD), pepsin (34.7 kD), egg albumin (45 
kD), bovine albumin (66 kD), Phosphorylase В (94.7 kD), and ß-galactosidase 
(116 kD) as standards (Sigma). 

Radioactive materials 
D-[6-3H]glucosamine hydrochloride (935 GBq mmol - 1), L-[4,5-3H]leucine (2.26 TBq 
mmol"1), L-[l-14C]leucine (0.2 GBq mmol - 1), L-[methyl-3H]methionine (3.12 TBq 
mmol"1) and L-tU-^Clproline (8.9 GBq mmol-1) were purchased from the Radioche
mical Centre, Amersham, UK. 

RESULTS 

Labeling of proteins in pulse-ohase experiments 
3 

When isolated embryos were pulse-labeled with [ H]leucine for i h, four major 
labeled bands were visible after SDS-PAGE+ at 88, 69, 66, and 65 kD (Fig. la, 

indicated by I and Ilia, b, c). These bands did not coincide with any strong 

Coomassie blue stained bands (lane g) and therefore likely represent short-lived 

proteins. Indeed, after a 5J h chase all four bands had disappeared almost total

ly. During the chase several new bands became labeled and after a 47J h chase the 

heavily labeled bands all coincided with proteins that were heavily stained with 

Coomassie blue (lane f, indicated by Via, b, c. Villa, b, с and IXa, b). These 

Coomassie blue stained bands were shown to represent storage proteins since they 
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were present in large amounts in mature seeds and were found to be broken down 

during germination. 

During the chase some labeled bands appeared and subsequently disappeared. 

This holds for bands IV and VHId which both appeared after a 21 h chase. 

Furthermore, bands at 10 and 9 kD (indicated by arrows in lane b) and a band 

at 8 kD appeared or increased after a 2J h chase and subsequently decreased 

with longer chase times. Finally, some weakly labeled bands, present after a 

i h pulse, disappeared during the chase (e.g. band IXc). 

In a parallel experiment the loss of label from proteins during the chase 

was determined as a percent of label after the J h pulse and found to be 2.4%, 

9.5%, 12.9%, 18.2% and 24.3% for 3 h, 6 h, 12 h, 24 h, and 48 h, respectively. 

These data show that the short-lived proteins are most probably precursors of 

the storage proteins. 

The effect of -isolation 

Because the seed coat strongly inhibits the uptake of amino acids (Chapter 2), 

the pulse-chase experiments were performed with isolated embryos. In general, 

isolation of embryos out of the seeds increases the rate of protein synthesis 

several fold, probably because it facilitates oxygen uptake by the embryo (Chapter 

2). In ripening seeds, embryo isolation may stop the synthesis of storage pro

teins (see e.g. Dure and Galau, 1981). Therefore, it was determined whether ex

cised ripening Agrostemma embryos remain capable of synthesizing storage proteins 

after long periods of isolation (Fig. 2). Up to 6 h after isolation all three 

precursor proteins indicated by III were synthesized, but the synthesis of the 

Figure l. Fractionation by SDS-PAGE"
1
" (13% gel) of extracts of pulse-

chased embryos. Samples of 5 embryos were pulsed for J h in 754 kBq 
[3H]leucine and thereafter chased in the presence of cold leucine. 
Lanes a-f are fluorographs after increasing periods of chase. Lane g 
is Coomassie blue stained and representative for all other lanes. 
The various compounds are indicated by Roman numerals with M

r
 in brackets. 

Figure 2. Fractionation by SDS-PAGE+
 (13% gel) followed by fluorography 

of extracts of embryos which were 1 h pulse-labeled after increasing 
periods of isolation (lanes a-g) and then chased for 23 h in the presence 
of cold leucine (lanes h-m). Incubations were performed with samples of 5 
embryos in 377 kBq [Зщіеисіпе. Roman numerals indicate the various 
protein bands. 
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Figure 3. Pattern of 3
H- and

 14
C-labeled proteins after SDS-PAGE"

1
" (13% 

gel) of extracts of embryos that were 1 h pulsed in a [
3
H]methionine-

[Ì4C]leucine mixture and thereafter chased in the presence of unlabeled 
precursors. Incubations were performed with samples of 5 embryos in 1.88 
MBq [3H]-methionine and 377 kBq [14C]leucine. The samples were analysed 
directly after the pulse (A), after a 5 h chase (B) and after a 23 h 
chase (C). Roman numerals indicate the various proteins. 

faster two bands of III (the 65 and 66 kD proteins) was reduced considerably 

(Fig. 2a-c). At 24 h after isolation the synthesis of band III had ceased and 

in the same region of the gel a 65 kD protein was heavily labeled (lane e-g). 

Band I was synthesized up to 24 h after excision (lane a-e). After 24 h a new 

labeled protein was found at 89 kD (lane e-g). This band was not processed 

(lane k-m). These results indicate that the experiments with isolated embryos 

reflect the mode of synthesis of non-isolated embryos up to at least 6 h after 

isolation. 
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Figure 4. Fractionation by SDS-PAGE+ (13% gel) followed by fluorography 
of extracts of [Зщglucosamine (lane e-h) and [3H]leucine labeled em
bryos af ter increasing periods of chase. Samples of 5 embryos were l a 
beled for 1 h in 377 kBq [ 3 H]leucine or 754 kBq [3H]glucosamine. Then 
the embryos were incubated without addit ion of unlabeled precursors. 
Roman numerals indicate the various proteins. 

Differential labeling of storage proteins 

The precursor-product relations were examined by incubating embryos for 1 h in 
3 

solutions of two d i f f e r e n t amino acids one of which was Η-labeled and the other 
14 

C-labeled. Direct ly a f t e r the pulse, a f t e r a 5 h chase and a f t e r a 23 h chase, 
+ 3 14 

proteins were fract ionated by SDS-PAGE and the d i s t r i b u t i o n of H- and H-la-
3 14 

beled proteins over the gel was determined. A [ H]methionine-[ C]leucine mixture 
gave the clearest results (Fig. 3). After a 1 h pulse 3 bands were predominantly 

3 
labeled from which one, band I , was weakly labeled with [ Hlmethionine (Fig. 3a). 
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After a 5 h chase, bands I, II and III had disappeared and VHId had low and IV 
3 

very low Η-labeling (Fig. 3b). After a 23 h chase, VHIb had low and Via very 
3 

low H-label ing (Fig. 3c). When Via was eluted from the gel, hydrolysed and 

examined with an amino acid analyser, the methionine content was as expected 

very low. These data strongly indicate a precursor-product relationship of bands 

I and Via with band IV as an intermediate. 

When embryos were incubated for 1 h in [ H]glucosamine, band I was predominant

ly labeled (Fig. 4e). During the chase, VHId first became labeled and then VHIb 

(Fig. 4f-l). This shows that VHIb was processed from I with VHId as intermedia

te. Staining gels with periodic acid-Shiff reagent also showed that VHIb cor

responds to the major glycoprotein in Agrosterma seeds. It should be noted that 

a protein of 102 kD was also labeled with [ H]glucosamine (Fig. 4, indicated by 

la) and subsequently processed. Later in this article it will be argued that this 

protein is a precursor of band I. 
3 14 

Embryos were pulse-labeled in [ H]leucine or [ C]leucine. Directly after the 
3 

pulse, after a 5 h chase, and after a 23 h chase axes of H-label ed and cotyle-
14 

dons of C-labeled embryos were pooled and the labeled proteins were fractionated 

by SDS-PAGE
+
. After the pulse, band V was heavily labeled in the axes only (Fig. 

5a). Band VII was also more labeled in the axes. After the 23 h chase, band IX was 

more highly labeled in the axes (Fig. 5c). These results suggest that band V was 

cleaved to yield IX with band VII as a possible short-lived intermediate. Additio

nal evidence will be given later in this article. Because the axis makes up only 

15% of the embryo and since axes and cotyledons in the other experiments were not 

separated, band V was then only weakly labeled. 

Electrophoresis without ME 

When SDS-PAGE was carried out with omission of ME, the pattern of Coomassie blue 

stained proteins differed from the pattern in the presence of ME (respectively 

Fig. 6a and b). By 2D SDS-PAGE"
+
 it was found that band C, consisted of bands 

Via and VHIb linked by disulphide bridges (the 41-23 kD complex), C
2
 of VIb 

and Villa (the 38-25 kD complex) and C
3
 of Vic and VIIIc (the 36-22 kD complex). 

It was found that C, and C2 were each frequently resolved into two distinct 

bands. The same was observed for Via and VIb. After SDS-PAGE" the patterns of 

labeled proteins were also different. After the pulse three major bands were 

labeled: A, Dĵ  and Dp (Fig. 6c). When electrophoresis was performed on a lower 

percentage gel, band A appeared to be a doublet (Fig. 7a). After a 5 h chase 

new labeled bands appeared: band В and some bands that coincided with the strong 

Coomassie blue stained bands C2 and C3 (Fig. 6d). Again, band В appeared to be a 
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Figure 5. Pattern of ;?H- and 14C-labeled proteins after SDS-PAGE+ (13% 
gel) of extracts of [3H]leucine pulse-chased axes and [^C]leucine pulse-
chased cotyledons. Samples of 5 embryos were pulsed in 1.88 MBq [^H]leu
cine or 377 kBq [^C]leucine. Directly after the pulse (A), after a 5 h 
chase (B), and after a 23 h chase (C) the samples were analysed. Extracts 
of ^H-labeled axes and l^c-labeled cotyledons were mixed. Roman numerals 
indicate the various proteins. 

doublet (Fig. 7b). After a 23 h chase all major labeled bands coincided with the 

major Coomassie blue stained proteins (Fig. бе). The results of electrophoresis 

with and without ME will be discussed in detail below for the several classes 

of storage proteins that could be distinguished. 

The synthesis of bands Via and VHIb (the 41-23 kD complex) 
3 3 

After pulse and pulse-chase with [ H]leucine or [ H]glucosamine, the labeled 

proteins were fractionated in the absence of ME (Fig. 7). The pulse-chase with 

[ H]glucosamine showed that during the chase A was cleaved to yield B. This 

intermediate was then processed to C, (Fig. 7e-h). Comparison of Fig. 7e-f with 

Fig. 4e-f shows that band I was derived from A and VIHd from B. 
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Figure 6. Fractionation by SDS-PAGE' and SDS-PA6E+
 of labeled proteins 

after pulse and pulse-chase. Samples of 5 embryos were labeled for 1 h 
in 377 kBq [-^Clproline and then chased in the presence of unlabeled 
proline. Extracts were fractionated in the absence (a, c-e) and in the 
presence (b, f-h) of ME on the same 13% slab gel. Proteins were visuali
zed by fluorography (c-h). Lanes a and b are Coomassie blue stained and 
representative for c-e and f-h respectively. Roman numerals indicate 
proteins after SDS-PAGE

+
 and capitals proteins after SDS-PAGE". 

The relationships between the bands after electrophoresis under reducing and 

non-reducing conditions were also investigated by SDS-PAGE" . After 2D-PAGE 

the proteins that were found below the diagonal were linked to other proteins 

by disulphide bridges during SDS-PAGE". In addition, some proteins could be 

found above the diagonal due to changes in the tertiary structure of the protein 

caused by ME. When 1 h pulse-labeled proteins were analysed by 2D SDS-PAGE" , 

band I as expected was derived from band A (Fig. 8a). The small protein that 

was disulphide-bonded with I is not visible on the 2D gel. Because after SDS-

PAGE"
1
' no band was found at the same place as band A, it is possible that band A 

was cleaved co-translationally. Just above band A, however, a labeled protein 
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¥-шлге 7. Fractionation by SDS-PAGE" (11% gel) of [3
H]leucine (a-d) and 

[•'Hlglucosamine (e-h) labeled proteins after pulse and pulse-chase. 
Samples of 5 embryos were labeled for 1 h in either 377 kBq [^Hlleucine 
or 754 kBq [

3
H]glucosamine and thereafter incubated without addition of 

cold precursor. Capitals indicate the various proteins. 

was found which coincided with a band after SDS-PAGE (Fig. 6c and f, indicated 

by respectively A, and la). Fractionation on a lower percentage gel showed that 

band A^ was a doublet, just as were bands A and В (Fig. 7a). In addition, becau

se both band A, and la were glycosylated and processed (Figs. 4, 6 and 7), band 

Ai/Ia is presumably the parent molecule of band A. 

After a 5 h chase band A was processed to В which has a somewhat lower M 

than I (Fig. 6d). Likely the small protein that was disulphide linked to I, was 

lost together with a small part of the protein. SDS-PAGE" showed that В consist-
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ed of IV and Vllld linked by disulphide bridges (Fig. 8b). 

Finally, after a 23 h chase band В was processed to Cj. The increase of label 

of band IXa (Fig. Ic-f) indicated that IXa consists of two proteins, one of which 

was cleaved off from IV. Fractionation of the storage proteins on a sucrose den

sity gradient also showed that IXa consisted of two separate proteins, one of 

which was connected with the 41-23 kD complex (see Chapter 5). A scheme of the 

possible mode of synthesis of bands Via and Vlllb (the 41-23 kD complex) is gi

ven in Fig. 9. 

The synthesis of bands VIb and Villa (38-25 kD aomplex) and bands Via and Villa 

(36-22 kD aomplex) 

Fig. 8a shows that band D, corresponded with band Ilia and band D- with bands 

Illb and IIIc. Under reducing conditions the mobility of these bands decreased 

somewhat. After a 23 h chase D, and D2 had disappeared (Fig. бе). The label 

from О, and D2 was chased into Cp and C
3
, because apart from band C, these were 

the only proteins that got heavily labeled during the chase. So the main pro

cessing step was a specific internal cleavage of the precursor protein where

after the two subunits remained linked by disulphide bridges. 

Although the label in band-III had disappeared after a 5J h chase (Fig. 1c), 

the label in band VIb continued to increase with longer chase times (Fig. Ic-f). 

In addition, because the labeled band just above VIb had a little lower M„ af-

" r 

ter а 2| and a 5J h chase than Via (Figs. 1, 4, 6), it seems unlikely that this 

band represents product Via. Moreover, when embryos were pulse-chased with 
35 
[ Slmethionine (which labels Via only to very low amounts, see Fig. 3), after 

a 3 h chase at the same position as Via,label is present which disappears with 

longer chase times (data not shown, see also Chapter 2). Finally, at the same 

place of the gel just above band VIb a short-lived glycoprotein was found 

(Chapter 6). Therefore, the band which is present at the gel just above band 

VIb after a 3 and a 5 h chase, is presumably a precursor protein of VIb which 

is deglycosylated during the chase. 

Figure 8. Fractionation by SDS-PAGE"+
 of extracts of embryos after pulse 

and pulse-chase. Samples of 5 embryos were labeled for 1 h in 377 kBq 
[

14
C]proline and then chased in the presence of unlabeled proline. Sam

ples were taken after the pulse (A) and after a 5 h chase (B). For the 
first dimension proteins were fractionated by SDS-PAGE" on a 11% gel. 
After the first dimension a 2 mm broad lane was excised from the gel 
and electrophoresed in the presence of ME on a 13% gel. The gels were 
prepared for fluorography. Capitals indicate the various proteins after 
SDS-PAGE

-
; Roman numerals after SDS-PAGE

+
. Inserted in В is the 2D se

paration of band IX after 1 h pulse, but exposed for a longer time (C). 
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The synthesis of band IX (16 and 17 kD proteins) 

The results presented in Fig. 3 suggested that the proteins indicated by IX were 

processed from V with the exception of one of the proteins of IXa which originat

ed from band la/A,. The processing of band V could also be shown by SDS-PAGE~ . 

The mobility of one of the proteins of band IX was reduced by ME and was found 

above the diagonal after 2D SDS-PAGE" (Fig. 8b, indicated by an arrow). The 

same likely holds for its precursor proteins and was found after a 1 h pulse 

for one of the bands of V and one of the bands of VII (Fig. 8a, indicated by 

arrows). After a 5 h chase no labeled proteins were found above the diagonal 

in the regions of V and VII, indicating that these proteins were processed 

(Fig. 8b). 

The protein found above the diagonal after a 1 h pulse in the region of IX 

(Fig. 8c, indicated by an arrow) corresponded with band IXc in Fig. 1. After a 

5 h chase this protein had disappeared (Fig. 8b) and one of the two proteins of 

IXa was found above the diagonal after 2D SDS-PAGE"+ indicating that it was 
3 

processed from IXc. In addition, after pulse-labeling with [ H]mannose a high 
peak was found at the position of IXc that disappeared with longer chase times 

(Chapter 6). These data indicate that IXc is processed to one of the proteins 

of IXa and that and that the decrease of M is caused by deglycosylation. 

DISCUSSION 

For the data shown in this chapter a number of experiments were performed. 

Invariably, high levels of labeling were found for precursor proteins I and III. 

The amount of radioactivity in these bands varied, however, considerably. The 

same holds for the weakly labeled precursor proteins such as II and V. Varia

bility was also observed for post-translational modifications. Likely a variety 

of factors was responsible for this, such as the condition of the plants from 

which the seeds were collected and the changing climate conditions. 

The results presented here show that in ripening Agrostemma githago seeds, 

storage proteins are not synthesized directly but via high molecular weight 

precursor proteins. Several modes of processing were observed. For the disulphi-

de-bonded bands VIb and Villa (38-25 kD complex, band C2 after SDS-PAGE") a le-

gumin-like processing was observed: The precursor protein (one of the bands in

dicated by III) contained internal di sul phi de bridges, at least one of which 

was involved in holding the subunit structure together following the internal 

cleavage. A similar mode of processing was found for the disulphide-bonded bands 

Vie and VIIIc (36-22 kD complex, band C, after SDS-PAGE"). The exact precursor-
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Figure 9. Scheme of the possible mode of synthesis of the 41-23 kD com
plex (bands Via and VHIb). Capitals indicate compounds after SDS-PAGE"; 
Roman numerals after SDS-PAGE+. The position of the various compounds on 
the chain is in part accidental, xj is likely a peptide of 9-10 kD; x

b 

X3 and X4 might be small peptides or carbohydrate sidechains. 
f is carbohydrate sidechain. 

product relationships between each of the three bands of III and bands VIb-VIIIa 

(from which VIb is a doublet) and VIc-VIIIc are still unclear. As the legumin-

type of processing is also reported for various legumes (Croy et al., 1980; 

Spencer and Higgins, 1980; Turner et al., 1981; Barton et al., 1982) and for oats 

(Brinegar and Peterson, 1982), it could very well represent a general phenomenon 

for the synthesis of storage proteins. In Agrosterma the half-life of the pre

cursors was about 2 h. The same was found for the legumin-precursor in peas 

(Chrispeels et a l . , 1982b). 

The synthesis of a third pair of disulphide-linked proteins, bands Via and 

Vlllb (41-23 kD complex, band Cj after SDS-PAGE") was more complex. The precur

sor was cleaved in several steps (see Fig. 9). After some initial fast proces

sing steps an 88 kD intermediate (band I) was cleaved into two subum'ts which 

remained disulphide linked (band IV, 59 kD and Vllld, 24 kD). The half-life of 

band I was about 3 h. After this legumin-like cleavage, subunit band IV was 

cleaved in band Via and another protein, presumably one of the proteins indicat

ed by IXa (17kD). Band IXa was not di sulphide-bonded to the VI-VIIIb complex. 

This processing step resembles the mode of synthesis of the smaller vicilin 

polypeptides in peas (Chrispeels et al., 1982b). Interestingly, the Vla-VIIIb 

complex resembles vicilin in more respects (see Derbyshire et al., 1976): It is 

is very methionine poor (Fig. 3) and it is the major glycoprotein in Agrosterma 
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seeds (Fig. 4). In addition, the processing of band IV is much slower than of 

the other precursor proteins. The processing of the vici lin precursor in peas 

is also much slower (Chrispeels et al., 1982b). 

With the exception of one of the bands of IXa, which was derived from band 

IV, the synthesis of the remaining bands of IX (16 and 17 kD) was less well un

derstood. They also appeared to be synthesized from precursor oroteins. Differ

ential labeling in axes and cotyledons (Fig. 5) and SDS-PAGE" indicated that 

they were derived from band V with band VII as possible intermediate. After 

cleavage the subunits were not linked by disulphide bridges. The synthesis of 

band IX continued for more than two days after isolation of the embryos out of 

the seeds, a time at which the synthesis of other storage proteins had ceased 

(Fig. 2). Furthermore, the proteins of band IX are also synthesized during 

early inhibition in dormant and afterripened seeds (Chapter 3). 

As a final processing step a small decrease of M was observed for band 

VII Id, band IXc, and the precursor of VIb which was found on the gel just above 

this band. This was likely not due to the splitting of a signal peptide, because 

this occurs co-translationally (Turner et al., 1981; Higgins and Spencer, 1981; 

Burr and Burr, 1982). Furthermore, the small decrease of M was also likely not 

due to the cleavage of a signal peptide during or after post-translational 

transport over membranes as reported for some enzymes (Highfield and Ellis, 

1978; Chua and Schmidt, 1979), because the precursor protein is already sequest

ered within the rough endoplasmic reticulum (Higgins and Spencer, 1981; Hurkman 

and Beevers, 1982). A small decrease of M is also reported as a last processing 

step in the synthesis of storage proteins in other species (Sengupta et al., 
1981; Chrispeels and Bollini, 1982; Bollini et al., 1983). As argued in the 

Result section, the small decrease of M found for the precursor of VIb and for 

IXc is possibly due to deglycosylation. The same holds likely for Vllld. It 

should be noted that although the mobility of a protein on SDS-gels likely in

creases after deglycosylation (e.g· Mort and Lamport, 1977), glycoproteins do 

not behave normally on SDS-gels (Weber and Osborn, 1975). 
Ò 

During the pulse-chase with [ Hlleucine all storage proteins were strongly 
labeled with the exception of bands X (12 and 11 kD) and XI (8 kD). Incubation 
in other amino acids (proline, threonine, methionine) resulted also in very low 

3 
labeling. Moreover, when pods were injected with [ Hlleucine after 5 days all 

storage proteins were labeled with the exceptions of bands X and XI. As these 

proteins are major bands with Coomassie blue staining (Fig. 1), they must be 

synthesized from very long-lived precursors and are therefore not detectable at 

5 days after labeling. The chase products could not be established for all pro-
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teins that were labeled during the pulse and processed during the chase. This 

holds in particular for band II. 

In peas storage proteins are synthesized by membrane-bound polysomes and se

questered into the cisternal space of the rough endoplasmic reticulum (Hurkman 

and Beevers, 1982; Chrispeels et al., 1982a). The half-life of the proteins in 

the endoplasmic reticulum is about 90 min (Chrispeels et ál., 1982a). The reserve 

protein-precursors are then transported to the protein bodies, likely via the 

Golgi apparatus (Chrispeels, 1983b). In the protein bodies the major processing 

events occur of both legumin- and vicilin-precursors. Since most of the proces

sing events reported in this chapter occur late, they probably occur in the pro

tein bodies when the proteins are assembled into their final oligomeric form and 

packed. The assembly of Agvosteuma storage proteins is examined in the next chap
ter. Chapter 6 deals with the glycosylation and deglycosylation of storage pro

teins. 
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CHAPTER 5 

ASSEMBLY OF STORAGE PROTEINS AND THEIR PRECURSOR PROTEINS IN 

RIPENING AGROSTEMMA GITHAGO L. SEEDS 

ABSTRACT 

Sucrose gradient f ract ionat ion of extracts of Agrosterma githago embryos yielded 
fractions of 1-2S and US storage proteins. Analogous to US storage proteins 
(legumins) in other species the US holoprotein in our material consists in a l l 
l ikel ihood of 6 pairs of disulphide-l inked subunits. 

The assembly of precursor proteins and the relationships between cleavage of 
precursors and assembly of oligomers were examined with regard to the US pro
te ins. The precursor proteins of two pairs of disulphide-linked proteins (bands 
VIb-VIIIa, 38-25 kD; bands VIc-VI I Ic, 36-22 kD) were f i r s t assembled into a 7S 
oligomer, subsequently cleaved to y i e l d the disulphide-linked subunits and, there
a f t e r , assembled into the f i n a l US form. The precursor of a t h i r d pair of d i 
sulphide-linked proteins (bands Vla-VII Ib, 41-23 kO) was f i r s t assembled into 
an 8S oligomer and was then cleaved to y i e l d an intermediate of two disulphide-
linked proteins." In some of the complexes the cleavage of the intermediate takes 
place before and in others a f t e r the assembly in the US form. 

INTRODUCTION 

With regard to dicotyledonous plants storage proteins have been investigated most 

extensively in leguminous seeds. Separation by u l t racentr i fugat ion yielded two 

major bands with sedimentation coeff ic ients of 11-12S and 7-8S. In some species 

additional proteins are present having a sedimentation c o e f f i c i e n t of 2-4S. The 

11-12S proteins are of the legumin-type and the 7-8S of the v i c i l i n - t y p e . Legu-

min also occurs in a number of non-legumes. I t consists of б acidic (M « 40 kD) 

and б basic (M « 20 kD) subunits l inked together in pairs by disulphide b r i d 

ges (Derbyshire et al., 1976). 

In legumes both legumin and v i c i l i n are synthesized by cleavage of high mole

cular weight precursor proteins (Croy et al., 1980; Gatehouse et al., 1981; 

Chrispeels et al., 1982b). I t was reported in the previous chapter that in 

Agvostenma the synthesis of two pairs of disulphide-linked proteins of 38 and 

25 kD (bands VIb and V i l l a ) and 36 and 22 kD (bands Vic and V i l l e ) was ident ical 

to the mode of synthesis of legumin. The synthesis of a t h i r d pair of disulphide-

linked proteins of 41 and 23 kD (bands Via and VHIb) reseirtbled both the synthe

sis of legumin and of v i c i l i n . I t is reported in th is chapter that a l l three pairs 
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occur in oligomers with a sedimentation c o e f f i c i e n t of IIS and thus are of the 

legumin-type. The fact that the legumin-type storage proteins are assembled into 

oligomers raises questions concerning the assembly of the precursor proteins and 

concerning the relat ionship between precursor cleavage and assembly of holopro-

t e i n s . These questions w i l l be dealt with in t h i s chapter. Similar investigations 

have been done in ripening peas (Spencer and Higgins, 1980; Chrispeels et dl., 

1982b). 

MATERIALS AND METHODS 

Plant material 
Ripening seeds were derived from plants of Agrostemma githago L. (Provenance Ga-
tersleben, GDR) cult ivated in the Botanical Garden of the University of Nijmegen 
in 1983. The plants were grown from May t i l l August in 1983. Before use the pods 
were f i r s t stored at room temperature f o r 3 h. 

Pulse and pulse-ahase conditions 
Samples of 5 embryos were excised from seeds which had been collected from seve
ral pods and incubated for 1 h in 150 μΐ 10 mM KCl, 1 mM СаСІ2 and 50 yg m l " 1 

chloramphenicol (Bernhardt et al., 1978) to which 570 kBq of a [14C]amino acid 
mixture (2.15 GBq mat C"1, Radiochemical Centre, Amersham, UK) was added. After 
the pulse the embryos were rinsed in d i s t i l l e d water and transferred to f i l t e r 
paper moistened with the KCl-CaClg-chloramphenicol solut ion without l a b e l . 

Separation of oligomers on sucrose density gradients 
After pulse or pulse-chase the samples of 5 embryos were homogenized in an a l l -
glass homogenizer in 1.5 ml 0.25 M NaCl, 0.1 M Tris-HCl (pH 8.0) and \% Tween-20. 
At pH 8.0 the proteolyt ic act iv i ty in the extracts is very low (de Klerk, unpu
blished r e s u l t s ) . The homogenates were centrifuged f o r 20 min at 20,000^. The 
supernatant was loaded on a l inear 8-24% (wt/vol) sucrose gradient. The gradient 
solut ion contained 0.25 M NaCl and 0.1 MTris-HCl (pH 8.0). The gradients were 
centrifuged in a Beekman SW41 rotor at 5 0C at 40,000 rpm ( 1 9 6 , 0 0 0 ^ ) for 24 
h. Af ter centr i fugati on from each gradient 14 fract ions were collected ( i n c l u 
ding the buffer loaded on the gradient). In each f r a c t i o n the proteins were pre
c i p i t a t e d by ethanol added to a f i n a l percentage of 75%. After centr i fugat ion 
the pel lets were dissolved in a solution containing 2% SDS, 10% g l y c e r o l , 5% ME 
and 0.005% bromphenol blue and heated for 3 min at 100 0 C. Electrophoresis was 
performed according to Leammli (1970) using a 13% slab ge l . The gels were stained 
with Coomassie blue R-250, destai ned and photographed, Thereafter, the gels were 
prepared f o r fluorography according to Bonner and Laskey (1974) using Kodak 
X-0mat R f i l m . 

RESULTS AND DISCUSSION 

Separation of storage proteins by ultvaoentrifugation 

Ultracentr i fugation on a sucrose gradient yielded two fractions of storage pro

teins in Agrostemma githago seeds. The f i r s t f r a c t i o n had a sedimentation coef

f i c i e n t of 1-2S and consisted of bands IX and X (F ig. 1). The second was US 

and consisted of bands VI and V I I I . In dicotyledonous seeds three major types 
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CT 1 2 3 4 5 6 7 8 У 10 11 12 13 14 

Figure 1. Fractionation of proteins extracted from ripening Agvostemma 
githago embryos on sucrose density gradient followed by analysis of 
gradient fractions with SDS-PAGE

+
 and staining with Coomassie blue. Equal 

portions of each fraction were loaded on the gel. Roman numerals indi
cate the various storage proteins (compare Chapter 4, Fig. 1). The 
numbers refer to fractions of the gradient with fraction 14 at the bottom 
of the gradient. Τ and с are total extracts stored during centrifugation 
at -20 °C and 5

 0
C respectively. 

of storage proteins have been found: an 11-12S fraction (legumin-type), a 7-8S 

fraction (vieil in-type), and a 2-4S fraction (Derbyshire et al., 1976). Just 

like in other non-legumes in Agvostemma the 7-8S form is absent. Analogous to 

legumin in other species the U S holoprotein in Agrostemma seeds probably also 

consists of б pairs of disulphide-linked VI and VIII subunits. It is not clear 

whether the 6 pairs which form an U S oligomer are all identical. 

In the previous chapter a similarity between the disulphide-linked Vla-VIIIb 

complex (41-23 kD) and vicilin was reported: Just as vicilin the Vla-VIIIb com

plex was the major glycoprotein. It also had an extremely low methionine content. 

Moreover, the mode of synthesis of the Vla-VIIIb complex resembled partially the 

synthesis of the vicilin subunits from large precursor proteins. Since the way 

of synthesis of the Vla-VIIIb complex also resembled the legumin-mode and since 

it had a sedimentation coefficient of U S it should be classified as a legumin-

like storage protein. 

It is of interest that in fraction 9 also a minor Coomassie blue stained band 
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Figure 2. Fractionation of labeled proteins extracted from ripening 
Agrosterma githago embryos af ter pulse or pulse-chase on sucrose den
s i t y gradient followed by analysis of gradient fract ions with SDS-PAGE+ 

(13%) gel and fluorography. The embryos were pulse-labeled f o r 1 h ( a ) , 
or pulse-labeled for 1 h followed by a 2 h chase ( b ) , a 5 h chase ( c ) , 
or a 23 h chase ( d ) . Equal portions of each f r a c t i o n were loaded on the 
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gel. с is the fluorograph of the gel shown in Fig. 1. In a, b, and с 
the major part of the storage proteins VI and VIII was in fractions 
7-10. In d there was a smear from fraction 7 to 14. Roman numerals 
indicate the various protein compounds. The numbers refer to the 
fractions of the gradient with fraction 14 as the bottom fraction. 
Τ and С are total extracts stored during the centrifugation at -20 
0
C and 5 OC respectively. 
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was present correponding to band IV (Fig. 1). This indicates that band IV which 

is the direct precursor of band Via (Chapter 4 ) is itself also assembled into an 

U S oligomer. In addition, also one of the bands of IXa is present in fraction 9 

(compare Chapter 4). This corroborates the presumption in the previous chapter 

that one of the proteins indicated by IXa is derived from band IV. 

The bands of X and IX are present in the upper part of the gradient and have 

a sedimentation coefficient of 1-2S. They may be assembled into low molecular 

weight oligomers. Little is known about the nature of the 2-4S storage proteins 

in other species (Derbyshire et dl., 1976). In kgvosterma the IX and X proteins 

are globulins like bands VI and VIII, with the exception of one of the proteins 

of IXa which is partiallly soluble in water (de Klerk, unpublished observations). 

Assembty of the precursor proteins bands Ilia, b, and a and their chase products 

Band VIb (38 kD) is disulphide-linked with band Villa (25 kD) and Vic (36 kD) 

with band Ville (22 kD). Both complexes are synthesized from a set of 3 precursor 

proteins of 69, 66, and 65 kD indicated by Ilia, b and с The exact relationship 

between each of these bands and their processing products is not known (Chapter 

4). After ultracentri fugati on the bands of III are found in fractions 6 and 7 

(Fig. 2a) having a sedimentation coefficient of 7S. This strongly indicates that 

the precursor III is assembled in a complex of about 190 kD consisting of 3 sub-

units of about 60 kD. The same was found for the legumin precursor in peas (Spen

cer and Higgins, 1980; Chrispeels et al., 1982b). In fractions 1-5 little or no 

activity was present at the same position on the gel. This indicates that band 

III is assembled in the 7S form rapidly after its synthesis. This is in contrast 

with the findings of Chrispeels et al. (1982b) who reported that in the endo

plasmic reticulum fraction of ripening peas the legumin precursor was assembled 

for only 30-40% in the 8S form after a 1 h pulse. 

During the chase band III was splitted and yielded the disulphide-linked bands 

VIb and Villa and the disulphide-linked bands Vic and VIIIc (Chapter 4). After a 

2 h chase fraction 7 had more label at the position of VIb,с and Villa,с than 

fraction 9 (Fig. 2b). The Coomassie blue staining of the same gel showed, how

ever, that the bulk of proteins VIb,с and Villa,с was present in fraction 9. 

This demonstrates that the cleavage products remained initially in the 7S form. 

After a 5 h chase the labeling of VIb,с and Villa,с in fractions 8 and 9 became 

higher, but the labeling in fractions 6 and 7 was still more than might have been 

expected on basis of the Coomassie blue staining (compare Fig. 2c with Fig. 1 

which are from the same gel). After a 23 h chase the Coomassie blue staining and 

the labeling showed an identical distribution (Fig. 2d). The results may be sum-
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ma ri zed as follows: 

III * (III)7S * (VIb,c-VIIIa,c)7s+(VIb,c-VIIIa,c)lls 

In peas it was found that the assembly and processing of the precursor proteins 

occurred in a similar way. However, the assembly of the precursors and the as

sembly in the final 12S form were much slower (Spencer and Higgins, 1980; Chris-

peels et al. , 1982b). 

In Chapters 3 and 4 it was concluded that in the synthesis of band VIb a last 

processing step occurred after about 4 h in which the M was reduced with about 

2 kD. Thus this step may take place both in the U S and in the 7S form. The data 

presented in this chapter provide no conclusive evidence on this matter. 

Assembly of preaursor protein band I and its chase products 

The disulphide-linked bands Via and VHIb are synthesized from precursor protein 

band I which in its turn might be derived from band la (Chapter 4). Band la was 

as expected present in low amounts after the 1 h pulse and was found in fractions 

4 and 5 having a sedimentation coefficient of 4.5S (Fig. 2a, indicated by arrow). 

As the molecular weight of a 4.5S protein is about 100 kD band la is not assem

bled into an oligomer. After a 2 h chase la was broken down (Fig. 2b). Band I was 

present in fractions 6,7, and 8 having a sedimentation coefficient of 8S (Fig. 

2a). This suggests that it is present as a trimer. The sedimentation coefficient 

of I was a little higher than the sedimentation coefficient of band III which 

makes it unlikely that these bands are present in the same oligomer. Band I was 

present only in small amounts in fractions 1-5 indicating that after synthesis 

it was rapidly assembled into the 8S form. 

After a 2 h chase band I was processed to bands IV and Vllld (Chapter 4). Both 

bands appeared to be present in higher amounts in fractions 6 and 7 and in lower 

amounts in fractions 8, 9, and 10 (Fig. 2b). This indicates that after cleavage 

of band I the resulting disulphide-linked subunits IV and Vllld initially remain

ed in the 8S form and were then assembled into the final U S form. After a 5 h 

chase a larger part of the IV-VIIId complex was present in fractions 8 and 9 

(Fig. 2c). Furthermore, band IV was cleaved to yield band Via. It is remarkable, 

however, that Via was present both in the 8S form (fractions 7 and 8) and in the 

U S form (fractions 8 and 9). From this it follows that in some of the IV-VIIId 

complexes the cleavage of IV takes place before and in others after the assembly 

into the U S form. After a 23 h chase band Vllld was processed to VHIb. It should 

be noted that this probably occurred in two steps (Chapter 4) from which the first 

might have been completed after the 5 h chase. The processing and assembly of the 
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Vla-VIIIb complex may be summarized as follows: 

я (IV-VIIId)
l l s 

(
Ia
)4.5S * t^BS - ( I V

-
V I I I d

)8S ί (VIa-VIIId)8s * (
V I a

-
V I I I b

)llS 

The processing of VHId to VHIb occurs when the protein is assembled in the U S 

form. It might be though that it also occurs in the 8S form. 

Assembly of band IX 

The synthesis of the proteins indicated by IX is less understood (Chapter 4). 

With the exception of one of the proteins indicated by IXa (see Chapter 4 and 

this Chapter, Fig. 1) which is possibly derived from precursor protein I, the 

other proteins were likely synthesized from bands V and VII. So the short-lived 

proteins which were labeled after the 1 h pulse and were present in fractions 2 

and 3 (indicated by V and VII) might be the precursor proteins of the proteins 

indicated by IX. The data do not provide evidence about the assembly of band IX 

and its precursors. 

Conclusion 

In peas the 60 kD precursor protein is first assembled into an 8S oligomer which 

is then transported to the protein bodies. Subsequently the precursor is cleaved 

and thereafter legumin is assembled into the final 12S oligomer (Chrispeels et 

al., 1982b). In this chapter it was found that the storage proteins VIb.c and 

Villa,с (38, 36, 25, and 22 kD respectively) in Agrostemma seeds are processed 
and assembled in the same way as pea-legumin. Therefore, the processing and the 

final assembly also probably occur in the protein bodies. 

In contrast with pea-legumin, in the synthesis and assembly of the Vla-VIIIb 

complex (41 and 23 kD respectively) the intermediate protein band IV may be 

cleaved both before and after assembly in the final U S form. Consequently the 

cleavage event seems to be independent of the oligomeric form. In addition, it 

is not necessary that the intermediate is cleaved prior to assembly. This pro

cessing event is probably necessary for the final packaging of the U S complexes 

in the protein bodies. The same may hold for the small decrease in M such as 

the processing of VHId to Vlllb which also occurs at least partially when the 

storage proteins are in their final oligomeric form. 
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CHAPTER б 

GLYCOSYLATION AND DEGLYCOSYLATION OF STORAGE PROTEINS IN 

RIPENING AGROSTEMMA GITHAGO L. SEEDS 

ABSTRACT 

A 23 kD protein is the major glycoprotein in Agrostemma githago seeds. This pro
tein is synthesized from a 88 kD precursor in which most or all of the glycosy-
lation occurred. The small decrease in molecular weight which was previously 
shown to be the final processing step in the synthesis of two storage proteins 
of 17 kD and 38 kD, represents in all likelihood deglycosylation as was shown 
during a chase by the disappearance of [

3
H]mannose and [^H]glucosamine label 

at the appropriate positions on the gel. By analogy the small decrease of the 
molecular weight in the synthesis of the 23 kD glycoprotein could be attributed 
to partial deglycosylation. 

Because cycloheximide (CH) inhibited leucine incorporation considerably more 
than glucosamine incorporation, at least part of the glycosylation was post-
translational. CH inhibited glycosylation of the various proteins to different 
degrees. Tunicamycin (TM) was found to be ineffective as inhibitor of glycosy
lation in ripening Agrostemma embryos. 

INTRODUCTION 

The carbohydrate content of storage glycoproteins in seeds is normally low, i.e. 

less than 5%. The main sugars are mannose and acetyl-glucosamine (Selvendran and 

O ' N e i l l , 1981). Storage glycoproteins have the tf-acetylglucosaminyl-asparagine 

l ink ing group. By analogy with animal cel ls the biosynthesis of the storage 

glycoproteins probably involves the formation of l ipid-sugar intermediates in 

which two acetyl-glucosamine, nine mannose and three glucose residues are l inked 

to the l i p i d (dol ichol) c a r r i e r (see Elbein, 1981 for review). The ol igosacchari

de is transferred en bloc to the protein. As the assembly of the oligosaccharide-

l i p i d complex and the transfer of the oligosaccharide are mediated by endoplasmic 

reticulum associated enzymes (Nagahashi and Beevers, 1978; Marriot and Tanner, 

1979; Palamarczyk et al., 1980), glycosylation occurs in the endoplasmic r e t i 

culum. I t was found f o r conglycinin in soybeans and phaseolin in commom beans 

that some of the proteins are glycosylated twice. The f i r s t glycosylation step 

is co-translational and the second may be post-translat ional (Sengupta et al. , 

1981; B o l l i n i et al., 1983). Once the glycoprotein is formed the oligosaccharide 

may be modified by removal of glucose residues. Then the storage glycoprotein is 
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transported to the Golgi apparatus where mannose residues may be removed followed 

by addition of other sugars such as galactose and fucose (Chrispeels, 1983a,b). 

Tunicamycin (TM) inhibits the glycosylation of proteins by preventing the for

mation of the lipid-sugar intermediate (Schwarz and Datema, 1980). 

The function of the carbohydrate chain is unclear. It may serve as a signal 

in the intracellular transport of proteins. This is suggested by the finding that 

TM influences the secretion of proteins (Hasilik and Tanner, 1978; Rosenfeld et 

al., 1982). In other cases, however, no effect of TM was found (Mizrahi et al., 

1978). In terms of plant systems it was found that TM inhibited the release of 

the glycoprotein α-amylase in isolated barley aleurone layers by 60 to 80% 

(Schwaiger and Tanner, 1979). However, these data are based on the measurement 

of enzyme activity and do not discriminate between inhibition of secretion and 

enzymatic activity. Miyata and Akazawa (1982) found no significant effect of TM 

on the secretion of α-amylase from the scutellar epithelium in rice. With regard 

to storage proteins, Badenoch-Jones et al. (1981) found no effect of TM on the 

assembly of storage proteins in oligomers in developing pea cotyledons. Moreover, 

in pea TM did not influence the movement of reserve proteins into or out the en

doplasmic reticulum (Chrispeels et al., 1982a). However, TM may have been inef

fective in their experiments (see Discussion). Finally, since TM affects the elec

trophoresis patterns of labeled storage proteins after pulse-chase in soybeans, 

glycosylation seems to be necessary for the proper processing of the soybean 

storage protein precursors (Sengupta et al., 1981). Other functions of the car

bohydrate sidechain may be the protection from intracellular proteolytic acti

vity and stabilization of the tertiary structure of proteins (Selvendran and 

O'Neill, 1982). 

In this chapter the glycosylation of storage proteins is examined in embryos 

of ripening Agrostemma githago seeds. It is shown that there is one major glyco

protein in Agrostemma. Glycosylation was found to occur both co- and post-trans-

lationally. Furthermore, the data indicate that in the synthesis of some reserve 

proteins the removal of a carbohydrate sidechain occurs as a final processing 

step. As TM was found to inhibit glycosylation insufficiently, the function of 

the carbohydrate sidechain could not be studied by using this drug. 

MATERIALS AND METHODS 

Plant material 
The ripening seeds used in the various experiments were derived from plants of 
Agrostemma githago L. (Provenance Gatersleben, GDR) cultivated in the Botanical 
Garden of the University of Nijmegen from May till September 1982 or in the green-
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house from January till June in 1983. The source of the seeds used is indicated 
in each experiment. Before use, the pods were first stored at room temperature 
for 3 h. 

Pulse and pulse-ahase conditions 
Samples of 5 embryos were excised from seeds which had been collected from seve
ral pods and incubated in 200 yl 10 mM KCl, 1 mM СаСІ2 and 50 yg ml"

1
 chloram

phenicol to which labeled precursors were added. The preincubations and the cha
ses were performed in the same medium as the incubation medium, however, without 
radioactive materials. The addition of TM or 10 mM glucosamine occurred together 
with 0.01 M sodium phosphate buffer (pH 7.5). The same was done with the appro
priate parallel incubations. Details of the exact procedures are given for each 
experiment in the legends. 

Determination of labeled protein 
Distribution of Зн- and l^c-iabeled proteins over the gel was determined as des
cribed in Chapter 3. Fluorographs were prepared as described in Chapter 4. Quan
titative determination of the amount of labeled proteins and of total uptake was 
carried out as described in Chapter 2 with the exception of one washing step 
with 7 ml 5% TCA which was replaced by a washing step with 80% ethanol 

Chemicals 
D-[6-3H]glucosamine hydrochloride (935 GBq mmol"1), L-[ l - 1 4 C]leucine (2.2 GBq 
mmol"1), and D-[2-3H]mannose (590 GBq mmol"1) were purchased from the Radio
chemical Centre, Amersham, UK. Tunicamycin was from Sigma. 

RESULTS 

Labeling with I H]mannose and [ ¡¡"[glucosamine 

When proteins were extracted from dry Agrostemma embryos and fractionated by 
SDS-PAGE or SDS-PAGE", staining with periodic acid-Schiff reagent revealed that 

band VIHb, a 23 kD storage protein, is the major glycoprotein in Agrostemma 
seeds. In agreement herewith, it was shown in Chapter 4 that after a pulse-chase 

3 
with [ Hlglucosamine only this protein became heavily labeled. 

Embryos excised from ripening seeds were incubated for \ h in a mixture of 
3 14 

[ H]mannose and [ C]leucine. After various chase periods without addition of 

unlabeled precursors the incorporation of label into 80% ethanol- hot 5% TCA 

insoluble material was determined (Fig. la). After 3 h pulse-chase little or no 
3 14 increase of the incorporation percentage was observed for both H- and C-label 

indicating that after 3 h only few additional proteins were labeled. In addition, 
the labeled proteins were fractionated by SDS-PAGE+ and the distribution of H-

14 
and C-labeled proteins over the gel was determined (Fig. Ib-f). 

14 
After a J h pulse the distribution of [ C]leucine-labeled protein was the 

same as reported in Chapter 4: High labeling was found in bands I and III and 

low labeling in other bands such as II and IX (Fig. lb). It was shown in Chapter 

4 that the precursor of the 23 kD storage glycoprotein, the 83 kD protein indi-
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Figure l. Patterns of
 3
H- and

 14
C-labeled proteins after SDS-PAGE (13« 

gel) of extracts from embryos which had been pulse-labeled for i h in a 
mixture of [

3
H]mannose and [

14
C]leucine and subsequently chased without 

the addition of unlabeled precursors. Samples of 5 embryos were excised 
from ripening seeds (1982) and incubated in 1.89 MBq [^Imannose and 282 
kBq t

14
C]leucine. Directly after the pulse (b) or after a J h, 2| h, 5¡ h, 

or 23! h chase (c-f) the embryos were homogenized and the extracts elec-
trophoresed. Of the same extracts also the incorporation of label into 
80% ethanol-hot S% TCA insoluble material was determined as a percent 
of total uptake (a). Roman numerals indicate the various storage proteins 
and their precursors. 3H-label: · ·; 14c-label: о о. 
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cated by I,became heavily labeled after incubation in [ Hlglucosamine. This pre
cursor protein was also heavily labeled after incubation of ripening embryos in 
3 
[ H]mannose (Fig. lb). After the J h pulse another compound which coincided with 

3 
IXc (see Chapter 4) was also heavily labeled by [ H]mannose. 

During the chase the distribution of the C-labeled proteins on the gel 

changed as reported in Chapter 4: The label was chased from bands I, II, and III 

into the intermediate band IV and into the final chase products VI, VIII and IX. 

It was shown in Chapter 4 that band I was cleaved to yield bands IV and VHId. 

From band VHId a small part was cleaved off yielding band VHIb. In agreement 

3 

herewith the Η-label was chased from band I to band VIII (Fig. Ib-f). The pro

cessing from VHId to Vlllb was not detectable on this gel. The Η-label at the 

position of IXc had also disappeared after a 2J h chase (Fig. Ib-d). As shown in 

Chapter 4, from band IXc likely a 1-2 kD fragment was cleaved off during the 

chase to yield one of the proteins of IXa. Taken together, these data indicate 
that band IXc is deglycosylated during the chase. 

3 
Apart from the bands mentioned before, some proteins were labeled with [ H]-

mannose which were probably not storage proteins. This is especially true for a 

band which had a somewhat lower M than band VI. Also much label was found in 

low molecular weight compounds indicated by XI. These compounds did not coincide 
14 

exactly with [ C]leucine labeled proteins. The nature of these compounds is 

unclear. 

3 14 
A similar experiment was performed with a [ H]glucosamine-[ C]leucine mixture 

(Fig. 2). From this experiment the same conclusions can be drawn. The main dif-
3 14 

ference with the [ H]mannose-[ C]leucine experiment are that band IXc was less 
3 

labeled and band XI more labeled after incubation in [ H]glucosamine. In addition, 
in this experiment the processing from VHId to Vlllb is clear . Finally, it is 

3 
of interest that coincident with band Via [ H]glucosamine-!abel ing was observed. 

This was especially clear after a 2$ h chase (Fig. 2d, indicated with arrow). 

With a prolonged chase the amount of labeling at this position on the gel decreased 

3 

strongly (Fig. 2e,f). When the patterns of [ H]mannose-labeled proteins were exa

mined carefully, at the same position on the gel, also after a Zi h chase, a short

lived glycoprotein was observed (Fig. Id, indicated with arrow). Since at the 

same position on the gel a short-lived intermediate in the synthesis of band VIb 

was found (Chapters 3 and 4), it seems probable that the short-lived glycoprotein 
is an intermediate in the synthesis of VIb and is deglycosylated with prolonged 

3 
chase times to yield VIb. The Η-labeled protein which is present at the position 

of Via after the J h pulse (Fig. 2b) may be another coinciding protein. 

When carbohydrate sidechains are specifically removed from the polypeptide 
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Figure 2. Patterns of 3 H- and 14C-1abeled proteins after SDS-PAGE+ (13% 
gel) of extracts from embryos which had been pulse-labeled for J h in a 
mixture of [3H]glucosamine and [14c]leucine and subsequently chased with
out the addition of unlabeled precursors. Samples of 5 embryos were ex
cised from ri peni no seeds (1982) and incubated in 1.89 MBq [3H]glucosa-
mme and 282 kBq [ I 4C]leucine. Directly after the pulse (b) or after a J 
h, 2J h, 5J h, or 23J h chase (c-f) the embryos were homogenized and the 
extracts electrophoresed. Of the same extracts also the incorporation of 
label into 80% ethanol-hot 5% TCA insoluble material was determined as 
a percent of total uptake ( a ) . Roman numerals indicate the various sto
rage proteins and their precursors. 3 H-label:· · ; I 4 C-label· 
о o. 
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Table l. Loss of label from proteins during a chase after incubation in 
a [

3
H]glucosannne-[14c]leucine mixture. Samples of 5 embryos were.isola-

ted from ripening seeds (1983) and incubated for J h in 0.6 kBq [
1 4
C]-

1 eue i ne and 2.5 kBq [Зщ glucosamine. Thereafter, the embryos were rinsed 
and chased for 2J h without addition followed by a chase with addition 
of 10 mM unlabeled glucosamine and 10 mM unlabeled leucine. At 3 h, 6 h, 
or 24 h after the start of the experiment radioactivity was determined 
in the 80% ethanol-hot 5% TCA insoluble fraction. The In

 1 4
C/

3
H was de

termined from the original data. Each value is the mean of 6 determina
tions ± SEM. 

3 h 

6 h 

24 h 

3
H-labeled proteins 

(cpm) 

4,363±128 (100) 

3,709±119 ( 85) 

3,101±167 ( 71) 

^c-labeled proteins 
(cpm) 

6,175±273 (100) 

5,690±120 (92) 

5,201±100 (84) 

In
 1 4

C/
3
H 

0.34±0.06 

0.42±0.03 

0.52±0.05 

chain, it follows that during a chase after a pulse with a [ H]glucosamine-[ C] 
3 

leucine mixture Η-label will be released more rapidly from the TCA-insoluble 

fraction than C-label. This was precisely what was found (Table 1). The 

14 3 

In C/ H at 3 h and 24 h differed significantly. The possibility that glyco

proteins are specifically excreted during the chase, however, can not be ruled 

out. In addition, the role of the low molecular weight compounds (indicated by 

IX in Fig. 2) is unclear. 

The effect of oyoloheximide (CH) on glyaosylation 

The attachment of sugar residues to the protein chain may occur co- and post-

translationally (see Introduction). This was examined in ripening Agrostemma em

bryos by incubation in CH, an inhibitor of the initiation and extension of pro

tein chains (Lin et al., 1966). For the quantitative determinations it was first 

established at which concentration applied glucosamine swamped the internal pre

cursor pool. The data shown in Table 2 indicate that a minimum concentration of 

10 mM glucosamine should be used. High glucosamine concentration may inhibit gly-

cosylation of proteins (Schwarz and Datema, 1980) likely by depleting the UTP 

pool by the formation of UDP-glucosamine and thereby inhibiting the formation 

of other necessary UDP-sugars (Milenkovic et al. , 1980). A concentration of 10 

mM glucosamine though did not inhibit the incorporation of applied [ H]niannose 

(Table 4) and thus unlikely restricted glycosylation . 
14 

When ripening Agrosterma embryos were incubated in a mixture of [ C]leucine 
3 -1 

and [ Hlglucosamine with the addition of 50 ug ml CH, the incorporation of 
leucine was inhibited by 85% and the incorporation of glucosamine only by 40% 
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Table 2. Incorporation of endogenous glucosamine after incubation in so
lutions with increasing glucosamine concentrations. Samples of 5 embryos 
were isolated from ripening seeds (1982), preincubated for 2 h in medium 
without addition and then for 1 h in medium with Ю

-
' , 10"5, 10"

4
, 10-3, 

IO"
2
, or 5-10-

2
 M glucosamine to which 3.8, 3.8, 18.9, 18.9, 38, or 38 

kBq [Зщglucosamine was added respectively. After 1 h total uptake and 
incorporation into 80% ethanol-hot 5% TCA insoluble material was deter
mined. Each value is the mean of 3 determinations ± SEM. 

IO"
7
 M 

IO"
5
 M 

IO"
4
 M 

IO"
3
 M 

IO"
2
 M 

5·10"
2
 M 

uptake 
(nmol-S emb-i-h

-1
) 

0.0021±0.0002 

0.184 ±0.002 

1.654 ±0.029 

16.988 ±0.456 

144.773 ±2.047 

561.853 ±11.365 

incorporated 
(nmol-5 emb-i-h-l) 

0.000226±0.000002 

0.014 

0.070 

0.375 

1.059 

1.381 

±0.006 

±0.003 

±0.014 

±0.058 

±0.182 

Table 3. Effect of cycloheximide (CH) on the incorporation of applied 
leucine and glucosamine. Samples of 5 embryos were isolated from ripening 
seeds (1982) and preincubated for 1 h in the presence or absence of 50 
yg ml-1 CH. Then the embryos were incubated for 1 h in 38 kBq [

3
H]leucine 

+ 10 mM unlabeled leucine or 38 kBq [^H]glucosamine + 10 mM unlabeled 
glucosamine and when appropriate 50 ug ml'l CH. After the incubation the 
incorporation of applied leucine and glucosamine in the 80% ethanol-hot 
5% TCA insoluble material and total uptake were determined. Each value 
is the mean of 3 determinations ± SEM. 

preme, inc. 
uptake 

(nmol·5 emb-l'h-
incorporated 

(nmol·5 emb-l-h-1) 

leu 

glucNH
2 

-CH 

-CH 

+CH 

-CH 

-CH 

+CH 

-CH 

+CH 

+CH 

-CH 

+CH 

+CH 

232.59±4.25 

260.85±9.60 

244.89±8.08 

121.62*1.31 

119.75±4.72 

112.23±8.89 

13.59±0.65 (100) 

2.09±0.11 (15) 

1.23±0.20 (9) 

1.32±0.12 (100) 

0.79±0.12 (60) 

0.50±0.05 (38) 

(Table 3). When the embryos had first been preincubated in CH and then incubated 

in 3 14 

[ H]glucosamine or [ C]leucine with addition of CH, the incorporation of 
leucine was inhibited by 91% and of glucosamine by 62%. These data indicate that 
3 
[ H]glucosamine-!abel was attached to the protein partially after translation. 
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Идите 3. Patterns of 3
Н- and

 14
C-labeled proteins after SDS-PAGE+ (13% 

gel) of extracts from embryos which had been pulse-labeled for 1 h in a 
mixture of [

J
H]glucosamine and [14C]leucine with or without addition of 

CH. Samples of 5 embryos were excised from ripening seeds (1982) and pre-
incubated with or without addition of 50 ug ml-1 CH. Then the embryos were 
1 r i Ä t e d - f o r 1 h in a m 1 x t u re of 1-89 MBq [3H]g1ucosamine and 282 kBq 
[^Clleucine with or without addition of CH and subsequently homogenized. 
a: preincubation and incubation without CH; b: preincubation without and 
incubation with CH; c: preincubation and incubation with CH. In a parallel 
experiment the inhibition of incorporation by CH was determined (the ex
periment presented in Table 3) and the sum of the 3H-cpm in all slices 
was not eoualed with 100% but with 60% (b) and 38% (c). In addition, from 
u ai!r £ j C'labe1 was omitted sipçe CH inhibited the incorporation percent 
by 95-99% resulting in very low 14C-label in proteins. Roman numerals in
dicate the various proteins. 3H: · ·; I4c: о о 

The electrophoresis patterns of proteins labeled with [
3
H]glucosamine either 

in the presence or the absence of CH revealed that probably the glycosylation 

of all proteins was inhibited with the exception of band XI (Fig. 3). The degree 

of inhibition, however, differed for the various proteins. It seemed to be less 

for the label at the position of bands III and vi (Fig. 3b,c). If this label in-
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Table 4. The effect of tunicamycin (TM) on the incorporation of applied 
glucosamine and mannose. Samples of 5 embryos were isolated from ripe
ning seeds (1983) and preincubated for 2 h in 0, 5, 50, or 500 yg ml"l 
TM. Then the embryos were incubated in the appropriate TM solution with 
the addition of 38 kBq [^Hlglucosamine + 10 mM unlabeled glucosamine, 
3.8 kBq [

3
H]qlucosamine, 38 kBq [^Hlmannose + 10 mM unlabeled mannose, 

or 3.8 kBq [3H]mannose. After incubation incorporation of label in the 
80% ethanol-hot 5% TCA insoluble material and total uptake were deter
mined. In addition, the effect of 10 mM glucosamine on mannose incorpo
ration was also determined. Each value is the mean of 3 determinations 
± SEM. 

[3H]glucNH2 OygmWTM 

5 

50 

500 

pHlmannose ОудтГ^ТМ 

5 

50 

500 

10 mM glucNH2 

with 
10 mM unlabeled precursor 

uptake 
(nmol) 

188.2±3.2 

199.6±5.2 

214.3±3.5 

215.3±1.6 

95.3±2.3 

88.9±1.9 

81.0±4.0 

80.2±2.1 

81.6±0.6 

incorporated 
(nmol) 

1.04±0.05 (100) 

1.16±0.06 (112) 

0.91±0.08 (88) 

0.88±0.03 (85) 

1.48±0.14(100) 

1.52±0.32 (103) 

1.22±0.10 (82) 

1.37±0.29 (93) 

1.34±0.08 (91) 

without 
10 mM unlabeled precursor 

uptake 
(cpm) 

42,965±1,314 

40,024*501 

44,520±231 

44,120±654 

30,539±1,268 

29,194±2,014 

26,550±701 

25,643±1,195 

21,748±975 

incorporated 
(%) 

18.01±0.45(100) 

14.20±0.56 (79) 

9.66*0.47 (54) 

8.77±0.34 (49) 

8.66*0.68(100) 

7.20*0.86 (83) 

5.75*0.54 (66) 

5.22*0.19 (60) 

7.95*0.17 (92) 

deed belonged to the storage proteins or their precursors indicated by III and VI, 

then for them the attachment of glucosamine is a late event. Finally, the nature 

of band XI is unclear. Since the amount of label in this band increased the inhi

bition of glycosylation of the storage protein precursors by CH was consequently 

higher then indicated by Table 3. 

The effect of tuniaamycin (TM) on glycoaylation 

TM prevents the first step in the assembly of the sugar-lipid complex, the forma

tion of Dol-PP-tf-acetylglucosamine, and thereby inhibits the transfer of sugar re

sidues to proteins (Schwarz and Datema, 1980). In order to examine the role of 

glycosylation in the synthesis of storage proteins incorporation experiments were 

performed in the presence of TM. In ripening Agvostemma embryos TM inhibited the 
3 3 

incorporation of [ H]glucosamine and [ H]mannose only about 10-15% (Table 4). 

There was no effect on the incorporation of exogenous leucine (data not shown). 
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Figure 4. The effect of TM on the synthesis and processing of proteins 
in ripening Agrostemma embryos. Samples of 5 embryos were excised from 
ripening seeds (1982), preincubated for 2 h and then incubated for 1 h 
in medium with 377 kBq [^H]leucine. Thereafter, a chase was performed 
without the addition of unlabeled precursor. ТЙ (50 vg ml'l) was either 
present (b,d,f,h) or absent (a,c,e,g) throughout preincubation, incubation 
and chase. The chase was performed for 0, 2, 5, or 23 h. SDS-PAGE

+
 was 

carried out with a 12% gel. Roman numerals indicate the various proteins. 

In some reports (Badenoch-Jones et al., 1981; Chrispeels et al., 1982a) the in

hibition by TM was determined without taking into account that the application of 

TM probably enlarges the internal precursor pool. When in Agrostemma the inhibi-
3 

tion of incorporation of [ Hlglucosamine was determined without the addition of 

10 mM unlabeled precursor, the inhibition was much larger (Table 4) indicating 

that TM indeed enlarges the endogenous precursor pool considerably. Finally, it 

should be noted that the preincubation in TM cannot be prolonged as embryos iso

lated from ripening seeds rapidly loose the capability to synthesize storage pro

teins (Chapter 4). 

For a further examination of the effect of TM, ripening embryos were preincu

bated for 2 h either in the presence or the absence of TM, subsequently pulse-
3 

labeled with [ H]leucine and chased for various periods also in the presence or 
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Table 5. Effect of deoxyglucose on the incorporation of applied leucine 
and glucosamine. Samples of 5 embryos were excised from ripening seeds 
(1983) and preincubated for 2 h in 0, 0.1, 1, 10, 100, or 1000 yg ml"

1 

deoxyglucose. Then the embryos were incubated in the appropriate deoxy
glucose solution with the addition of 38 kBq [

3
H]leucine + 10 mM unla

beled leucine, or 38 kBq [^Hlglucosamine + 10 mM unlabeled glucosamine. 
After incubation the incorporation of label in 80% ethanol-hot 5% TCA 
insoluble material and total uptake were determined. Each value is the 
mean of 3 determinations ± SEM. 

glucNH2 leu 

uptake incorporated uptake incorporated 

(nmol) (nmol) (nmol) (nmol) 

0 yg ml'
1
 96±3 1.23±0.09 (100) 374±19 15.02±0.65 (100) 

0.1 103±3 1.21±0.06 (98) 387±16 17.32±1.73 (115) 

1 96±4 1.05*0.07 (85) 322*26 17.48*1.11(116) 

10 101*3 1.21*0.03 (98) 353*12 17.04*0.87(113) 

100 98*3 1.03*0.02 (84) 281*12 16.00*1.43(107) 

1000 98*7 0.55*0.03 (45) 168*5 7.20*0.48 (48) 

absence of TM respectively. TM did not affect the electrophoresis patterns of 

the labeled proteins significantly (fig. 4). Only below band Vili a weakly la

beled band was present in the extracts of treated embryos (indicated with arrow). 

This protein may be the unglycosylated form of band VHIb. Several experiments 

were performed in which a pulse-chase was carried out in the absence or presence 

3 14 

of TM with [ H]leucine and [ C]leucine respectively. Again no significant dif

ferences were observed between the distribution of H- and C-labeled proteins 

(data not shown). Since the mobility of band ІІІЬ was not significantly affec

ted by TM the inhibition of glycosylation was apparently insufficient. 

Deoxyglucose inhibits glycosylation, possibly by the consumption of dolichol-

phosphate by GDP-deoxyglucose (Schwarz and Datema, 1980). In ripening Agrosterma. 
embryos deoxyglucose inhibited glycosylation only at high concentrations but then 

also inhibited protein synthesis (Table 5). 

DISCUSSION 

In Agrostemma seeds a 23 kD storage protein, band VII lb, is the major glycopro

tein. As mannose and glucosamine are readily incorporated in VII lb, the carbo

hydrate sidechain is probably tf-glycosidic linked to the protein. In other plant 

species storage proteins also have the tf-glycosidic linkage (Selvendran and 
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O'Neill, 1981). Glycosylation takes place in the precursor of Vlllb, a 88 kD pro

tein indicated by I, or in the possible precursor of I, band la (see Chapter 4). 

In all probability glycosylation occurred partially post-translationally: When 

the incorporation of leucine was inhibited 85 or 91% by incubation in CH or in 

CH preceded by 1 h preincubation in CH, the incorporation of glucosamine in band 

I was inhibited only 65 or 88% (In band la 68 or 86%). Similar results have been 

reported by Basha and Beevers, 1976). In addition, it was found by Sengupta et 

al. (1981) and Bollini et al. (1983) that the glycosylation of some storage pro

teins occurs in two steps from which the second may be post-translational. Fur

thermore, after 'trimming' of the carbohydrate sidechain in the endoplasmic re

ticulum and the Golgi apparatus new sugar residues may be attached (Chrispeels, 

1983b). 

Some storage proteins appeared to be glycosylated and subsequently deglycosy-

lated. This was most evident from band IXc. After a i h pulse a compound which 

had the same position on the gel as IXc, was highly labeled by mannose and less 

by glucosamine. After a 1\ h chase this label had disappeared completely (Figs. 

Id and 2d). From other evidence it was concluded in Chapter 4 that during the 

chase a small part of IXc was cleaved off to yield one of the proteins of band 

IXa. Taken together, these data strongly indicate that band IXc was deglycosy-

lated during the chase. It must be noted that band IXc was still present after 

a 2| h chase (Chapter 4, Fig. 1) but that the mannose label at the same position 

of the gel had disappeared (Fig. Id). This may be due to differential exhaustion 

of the precursor pool or to differences in the plant material. It is also DOS-

3 3 

sible that the labeling with [ H]leucine and [ H]mannose occur at long inter

vals. 
3 

A small decrease in M together with a disappearance of [ H]glucosamine and 
3 
[ H]mannose label was also observed in the synthesis of band VIb (Chapters 3 

and 4 and this Chapter, Figs. 1 and 2). By analogy the processing of Vllld to 

Vlllb could also be a deglycosylation event (Chapter 4). A small decrease in M 

as a final processing step was also observed in the synthesis of storage proteins 

in other species (Chrispeels and Bollini, 1982; Bollini et al., 1983; Sengupta 

et al., 1981). For these authors the nature of this processing step was, however, 

unclear. Since the deglycosylation was the final processing step it occurred in 

all likelihood in the protein bodies. In agreement herewith the protein bodies 

contain glycosidases such as α-mannosidase (van der Wilden et al., 1980). In 

the case of VlIId/VIIIb the processing occurred at least partially when the sto

rage proteins had been assembled into their final U S oligomeric form. It is 

tempting to speculate that the carbohydrate sidechain functions in the transport 
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of the storage proteins up to the final packaging and is then removed. 

In order to elucidate the function of the carbohydrate sidechain experiments 

were carried out with the glycosylation inhibitor tunicamycin (TM). Unfortunately, 

however, TM only inhibited glycosylation in ripening Agrostemna embryos to a very 

small degree (Table 4). Two reports on ripening peas in which a high inhibition 

by TM was observed (Badenoch-Jones et al., 1981; Chrispeels et al., 1982a), are 

probably inadequate as they did not take into account a possible increase of the 

precursor pool after TM treatment. In our experiments we also found a considerable 

3 

inhibition of incorporation of [ Hlglucosamine when no excess of unlabeled glu

cosamine was added (Table 4). This casts doubts on the conclusions of Badenoch-

Jones et al. (1981) and Chrispeels et al. (1982a) that glycosylation is not ne

cessary for a proper assembly of storage proteins and a proper transport of sto

rage proteins out of the endoplasmic reticulum. Recently, Bollini et al. (1933) 

also reported that TM only works at very high concentrations in intact plant 

tissue (500 ug ml" ) and that even then inhibition is far from complete. 
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CHAPTER 7 

PROTEIN SYNTHESIS IN DORMANT AND AFTERRIPENED AGROSTEMMA GITHAGO 

L. SEEDS. 1. QUANTITATIVE ANALYSIS 

ABSTRACT 

The time course of protein synthesis in embryos of dormant and afterripened 
Agrosterma githago seeds was studied. In embryos of afterripened germinating 
seeds protein synthesis increased at three successive stages: (1) concurrent 
with swelling, (2) during the preparatory phase between the completion of water 
uptake and the onset of growth and (3) immediately after germination. 

Dormant seeds were uncapable to the second increase, unless dormancy was 
broken by imbibition at 4 0C. In cotyledons of afterripened seeds the second 
increase was less and later than in the axes. Germination experiments in which 
afterripened or dormant seeds were transferred from a low, germination-permit
ting to a high, germination-inhibiting temperature, showed that the seeds ger
minated nevertheless at the high temperature when they had completed the prepa
ratory phase at the low temperature. This shows that the preparatory phase was 
strongly inhibited by the high temperature while growth was not. 

The third increase, which was immediately after germination was unlikely due 
to growth itself but was caused by the rupture of the seed coat resulting in a 
higher oxygen uptake and hence in higher protein synthesis. This increase could 
also be elicited in dormant embryos by isolating them out of the seeds. The third 
increase was only temporary. 

INTRODUCTION 

Freshly harvested Agrostemma githago seeds have a relative dormancy: They germinate 

at low (4 0C) but not at high (20 C) temperature. After three months of dry sto

rage at room temperature the seeds are afterripened and germinate also at high 

temperature (Hübel, 1966). Dormancy in freshly harvested Agrosterma seeds is 

localized in the embryo (Borriss and Arndt, 1956). 

The germination process of seeds can be divided into three successive phases: 

(1) The uptake of water, (2) a preparatory period of active metabolism prior to 

germination and (3) axis elongation together with rupture of the seed coat 

(Bewley and Black, 1978; Hegarty, 1978). To date it is not clear how protein 

synthesis in dormant (D) and germinating seeds differs before the onset of axis 

elongation. It was found in many species that D seeds have a high level of pro

tein synthesis. In light requiring seeds (Reger et al.,1975; Yamamoto et al., 
1975; GrubiSic et al. 1978) and in hormone stimulated seeds (Jarvis and Hunter, 

83 



1971; Fountain and Bewley, 1976) the rate of protein synthesis increased above 

the level of untreated seeds after the induction of germination but before the 

onset of axis elongation. In contrast, it has been reported for many species, 

including Agrosterma githago (Hecker and Bernhardt, 1976a), that the rate of 

protein synthesis in D and afterripened (A) seeds is the same till growth com

mences (Hecker and Bernhardt, 1976b; Cuming and Osborne, 1978; Satoh and Esashi, 

1979; Hecker and Köhler, 1979). 

Measurements of protein synthesis are, however, subject to many pitfalls. The 

actual rates of protein synthesis may be obscured by differential dilution of 

applied precursors by the endogenous precursor pools (Marsh et al., 1982), by 

isolation of the embryos out of the seeds (Chapter 2), by not separating the 

growing from the non-growing parts (axes from cotyledons), by using D and A 

seeds taken from two different sources, and when the polysome content is deter

mined by not taking into account differences in ribosomal transit. This prompted 

me to reinvestigate the rate of protein synthesis in D and A Agrosterma githago 
seeds. It was found that before the start of axis elongation only A seeds went 

through a 'preparatory phase' during which the rate of protein synthesis in the 

axes was about twice as high as in the axes of D seeds. Immediately after rup

ture of the seed coat protein synthesis in A embryos increased again strongly. 

This increase could also be elicited in D embryos by removal of the seed coat. 

MATERIALS AND METHODS 

Plant material 
Seeds of Agrosterma githago L. (Provenance Gatersleben, GDR) were derived from 
plants cultivated in the Botanical Garden of the University of Nijmegen in 1980. 
After harvest the air-dry seeds were stored immediately at -20 0C (D seeds), or 
for one year at room temperature and then at -20 0C (A seeds) (Hübel, 1966). 

Incubation procédures 
Samples of 5 embryos were isolated from seeds after various periods of imbibition 
in the dark at 20 oc and then incubated for i h in 200 vi 10 mM KCl, 1 mM СаСІг, 
10 mM unlabeled leucine and 50 yg ml"

1
 chloramphenicol to which 38 kBq [

3
H]leu-

cine was added. In one experiment imbibition and incubation were carried out at 
4

 0
C. The incubation time was then 1 h. In another experiment various concentra

tions of unlabeled leucine were added instead of 10 mM. 
A time course study of protein synthesis was also carried out with embryos 

isolated at 6 h after the start of imbibition followed by preincubation for in
creasing periods in 10 mM KCl, 1 mM СаСІ2 and 50 yg ml"

1
 chloramphenicol. This 

will be referred to as the course of protein synthesis in isolated embryos. In 
the other experiments, the embryos were isolated from the seeds just prior to 
incubation in labeled leucine. This is considered as the course of protein syn
thesis in embryos of intact seeds. 
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Determination of TCA-soluble and TCA-insoluble label 
Determination of TCA-soluble and TCA-insoluble label was carried out as described 
in Chapter 2. In one experiment the embryo parts were freeze-dried and weighted 
before homogenization. 

Germination tests 
Sets of 100 seeds were imbibed on three layers of moistened filter paper in petri 
dishes at 20 0C or 4 0C in the dark. With one set the time course of germination 
was carried out. Other sets were exposed to higher temperatures (30 0C or 20 0C) 
after increasing periods of imbibition at the lower temperatures and the final 
germination percentage was determined after 5 days whereafter no additional ger
mination was observed. The seeds were considered germinated when the radicle 
protruded through the seed coat. 

Determination of dry weight 
Samples of 5 embryos were dried at 80 0C for 18 h and then weighted. When the 
dry weight of labeled embryos was determined, after incubation the axes and co
tyledons were frozen in liquid N2, freeze-dried, and weighted. These determina
tions yielded identical results. 

Radioactive material 
[4,5-3H]leucine (3.89 TBq mmol"1) was purchased from the Radiochemical Centre, 
Amersham, UK. 

RESULTS 

Germination and growth 

Intact A Agrostemma seeds germinate at 22-28 h after the start of imbibition at 
20 0C (Fig. lb). No germination was observed for D seeds, also when imbibition 

was prolonged up to 4 weeks. When A embryos were isolated from the seeds at 6 h 

after initial imbibition the start of axis elongation occurred earlier i.e. be
tween 18 and 22 h. No growth occurred in isolated D embryos (Fig. lb). It was 

found that the time of germination of A seeds varied considerably dependent both 

upon the year of harvest and the conditions during afterripening (data not shown). 

The fresh weight of both A axes and cotyledons increased after germination 

(Fig. la). The dry weight of A axes increased continuously from germination on

ward. The dry weight of A cotyledons increased from 48 to 96 h. During this time 

most of the starch in the perisperm was degraded. After 96 h the dry weight of 

the cotyledons decreased (p < 0.01). By then the growth of the axes was at the ex

pense of the cotyledons. During imbibition up to 120 h no changes were observed 

for D embryos: After the initial water uptake the fresh weight remained unal

tered. 

Rates of protein synthesis in D and A embryos 

Embryos were isolated from imbibing and germinating seeds and incubated for 30 
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l = î τ - Τ ι ι in wtijht 

О 24 M 72 96 120 
h after start of imbibition 

Figure 1. Fresh weight and dry weight of cotyledons and axes of Agroeterma 
g-Lthago seeds germinating at 20 0

C (a). Fresh weight of afterripened and 
dormant embryos which were isolated from 6 h imbibing seeds and then 
incubated on moistened filter paper (b). Germination of intact A seeds 
at 20

 0
C (b). Each point is the mean of 7 samples ± SEM. For the germi

nation experiment 100 seeds were used. A:· ·; D: о о. 

3 
min m [ H]leucine with the addition of 10 mM unlabeled leucine. Incorporation 

of applied leucine per mg dry weight was taken as the measure of protein synthe

sis. The conclusions remain essentially the same whether incorporation is deter

mined per embryo part, per mg fresh weight or per mg dry weight. Another commonly 

used measure, incorporation per mg protein, was not used because of the high con

tent of reserve proteins (see Chapter 3). 

After 2 h imbibition both D and A embryos incorporated applied leucine (Fig. 

2a,b). After 6 h imbibition, protein synthesis reached a maximum level in D axes 

and cotyledons, and remained constant thereafter. The water uptake of D embryos 

was virtually complete after about 5 h (unpublished observation). At 2 and 6 h 

protein synthesis in A embryos was significantly lower than in D embryos (for 

cotyledons and axes: ρ < 0.05). This was unlikely due to a slower water uptake 

by A embryos, because water absorption in A embryos lagged only 15-30 min behind 

D embryos (unpublished observation). The lower protein synthesis was also not 

due to a lower water content of dry A seeds which might have damaged the protein 

synthesizing machinery (Hegarty, 1978): When dry A and D seeds were freeze-dried, 

the rate of protein synthesis after 4 h imbibition was not affected (Table 1). 

The lower incorporation in A embryos during the first hours of imbibition is pre-
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Table 1. Effect of lyophilizing of dry seeds on protein synthesis. Dry 
seeds were lyophilized for 2 days and subsequently imbibed for 4 h. 
Then samples of 5 isolated embryos were incubated for 30 min in 38 kBq 
[Зщіеисіпе with the addition of 10 mM unlabeled leucine. Non-lyophiliz-
ed samples were also analysed. The water content of A seeds was 6.2%, 
of D seeds 7.2%. Each value represents the mean of 6 samples ± SEM. 

uptake 
(nmol'B emb-Ьзо min-1) 

incorporation 
(nmobS emb~l'30 min"^·) 

D, 7.2% H
2
0 

D, lyophilized 

A, 6.2% H
2
0 

A, lyophilized 

117.76±2.28 

125.70±4.17 

97.26±2.24 

92.83±1.90 

3.46±0.14 

3.50±0.07 

1.61±0.02 

1.68±0.10 

incorporation 

72 96 120 
h after start of imbibition 

Figure 2.Incorporation of exogenous leucine in cotyledons (a) and axes 
(b) of D and A Agrostemma seeds after increasing periods of imbibition 
at 20

 0
C in the dark. Samples of 5 embryos were isolated from seeds and 

incubated for 30 min in 38 kBq [^Hlleucine with the addition of 10 mM 
unlabeled leucine. TCA-insoluble radioactivity was determined per mg 
dry weight. Each value is the mean of 6 determinations ± SEM. Arrows in
dicate the time of germination of A seeds. A: · ·; D: о о. 
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sumably to be ascribed to damage of the protein synthesizing machinery during the 

one year air-dry storage (Hecker and Bernhardt, 1976a; Peumans and Carl i er, 1981). 

At 6 h after initial imbibition, protein synthesis continued to increase in 

A embryos (Fig. 2). At 12 h incorporation in A axes was significantly higher than 

in D axes (p < 0.01). In A cotyledons it was significantly higher after 18 h 

(ρ < 0.01). For the 24 h determination ungerminated A seeds were used, for the 

27 h determination only germinated ones. In this 3 h interval about 60X of the 

A seeds had germinated. Immediately after germination protein synthesis increased 

sharply: with 50% in A cotyledons and with 100% in A axes. After this increase 

it dropped again strongly in both axes and cotyledons, although growth proceeded 

at the same rate (Fig. la). After 72 h, in A cotyledons the rate of protein syn

thesis again increased (Fig. 2a). In A axes protein synthesis remained at a con

stant level (Fig. 2b). It should be noted that axes have a higher rate of protein 

synthesis when calculated per mg dry weight with the exception of A axes at 

120 h. 

Effect of increased unlabeled leucine concentration 

In all determinations the leucine taken up from the medium exceeded the endoge

nous leucine concentration as measured with an amino acid analyser 8 to 15 fold. 

Measurements with an amino acid analyser are, however, not conclusive to deter

mine the direct protein synthesis precursor pool because there are several amino 

acid pools (Oaks, 1965). It was shown by Marsh et al. (1982) that in imbibing 

wheat embryos at least two separate pools exist from which during the very early 

hours of imbibition the direct protein precursor pool was not saturated by exo

genous leucine concentrations as high as 90 mM. The same might be the case in 

Agrosterrma. 

3 

Embryos were incubated in [ H]leucine with addition of increasing concentra

tions of unlabeled leucine (Table 2). In all cases there was a higher incorpora

tion of applied leucine when embryos were incubated in 50 mM instead of 10 mM 

unlabeled leucine. This indicates that at 10 mM the direct precursor pool was 

not saturated. With the exception of A cotyledons at 2 h, however, this increase 

was low and about the same in all cases. At 20 h the increase of incorporation 

of applied leucine from 1 to 50 mM was 3.5 times in A axes and 2.3 times in D 

axes. This indicates that in A axes the protein precursor pool was larger. 

Protein synthesis in isolated embryos 

Immediately after germination a sharp increase of protein synthesis occurred 

(Fig. 2). Because growing tissues have in all likelihood a higher rate of protein 

88 



Table 2. Incorporation of exogenous leucine after incubation in solutions 
with increasing leucine concentrations. Samples of 5 embryos were isolat
ed from D and A seeds after 2 h, 20 h, 48 h and 120 h. The samples were 
incubated in 1 mM, 5 mM, 10 mM, and 50 mM unlabeled leucine to which 19 
kBq, 38 kBq, 76 kBq, and 190 kBq PH]leucine was added respectively. 
Incorporation of exogenous leucine was determined as nmol-S emb_l"30 
min-1. Each value is the mean of 6 samples ± SEM. In addition the ratios 
between incorporation at 50 mM and 10 mM were calculated. 

2 h 

20 h 

48 h 

120 h 

A cot. 

axes 

D cot. 

axes 

A cot. 

axes 

D cot. 

axes 

A cot. 

axes 

A cot. 

axes 

1 mM 

0.28±0.02 

0.10*0.01 

1.07*0.06 

0.36*0.03 

1.75*0.07 

0.94*0.05 

2.27*0.07 

0.60*0.05 

2.15*0.28 

2.32*0.32 

3.72*0.21 

1.31*0.09 

5 mM 

0.50*0.04 

0.20*0.02 

1.67*0.11 

0.72*0.04 

3.15*0.13 

2.24*0.10 

3.14*0.10 

1.04*0.02 

4.12*0.32 

3.09*0.10 

4.95*0.81 

2.61*0.32 

10 mM 

0.70*0.04 

0.27*0.04 

1.99*0.12 

0.99*0.08 

3.72*0.12 

2.80*0.07 

3.50*0.02 

1.18*0.11 

6.33*0.59 

3.69*0.72 

6.47*0.62 

3.37*0.32 

50 mM 

1.06*0.05 

0.33*0.02 

2.48*0.13 

1.24*0.08 

4.22*0.12 

3.30*0.09 

3.76*0.10 

1.39*0.08 

6.73*0.92 

4.31*0.81 

6.81*0.25 

3.81*0.73 

50mM/10mM 

1.51 

1.22 

1.25 

1.25 

1.13 

1.18 

1.07 

1.18 

1.08 

1.17 

1.05 

1.13 

synthesis this increase might be attributed to the onset of growth. However, the 

increase may also be due to rupture of the seed coat: The seed coat strongly 

inhibits oxygen uptake (GUnther and Borriss, 1967; Chapter 2) and it was shown 

earlier that after removal of the seed coat protein synthesis increased several 

fold in both D and A embryos (Chapter 2). Therefore, the course of protein syn

thesis was also examined in embryos which were isolated at 6 h after imbibition 

followed by preincubation for various periods on moistened filter paper. 

D and A embryos were isolated from 6 h imbibing seeds. At this time D embryos 

had reached a constant level of protein synthesis (Fig. 2). Directly after iso

lation the incorporation of exogenous leucine increased sharply in D cotyledons 

and axes, reached a maximum at 6 h after isolation (12 h after initial imbibition) 

and thereafter decreased strongly to a constant level at 24 h after the start of 

imbibition (Fig. 3). Isolation also caused a sharp rise of protein synthesis in 

A embryos. In A axes protein synthesis continued to increase after 6 h preincu

bation. It reached a maximum at 18 h after initial imbibition and then decreased 

strongly to a constant level at 48 h. In three separate experiments the maximum 
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incorporation 
(nrool mg"1· 30 mm"1 

05 h 

72 96 120 
h after start of imbibition 

Figure 3. Incorporation of exogenous leucine in cotyledons (a) and axes 
(b) of isolated D and A embryos. Samples of 5 embryos were isolated from 
6 h imbibing seeds and subsequently preincubated on moistened filter pa
per in the dark at 20 0C. After increasing periods of preincubation sam
ples of 5 embryos were incubated for 30 min in 38 kßq [Зн]leucine with 
the addition of 10 mM unlabeled leucine. TCA-insoluble radioactivity was 
determined per mg dry weight. Each value is the mean of б determinations 
± SEM. Arrows indicate the start of axis elongation in A embryos. 
A: · ·; D:o- o. 

was found at 18 h i . e . just before the onset of growth (Fig. lb). In A cotyle

dons incorporation also continued to rise after 6 h preincubation (Fig. 3a). 

It reached a maximum at 24 h after the start of imbibition. The sholder between 

18 and 24 h was observed in three separate experiments. After the maximum at 24 

h incorporation also declined in A cotyledons. However, this decline was less 

than in the axes. Both A axes and cotyledons continued to have a higher rate of 

protein synthesis than D axes and cotyledons. 

Taken together, the data of Figs. 2 and 3 indicate that in A embryos protein 

synthesis increases at three successive stages: (1) concurrent with swelling, (2) 

90 



during the preparatory phase after the completion of water uptake and before the 

onset of growth and (3) immediately after rupture of the seed coat. By isolation 

the order in time of the second and third increase could be reversed. Furthermore, 

the first increase also occurred in D embryos and the third which is only a tem

porary increase could be elicited in D embryos by isolation out of the seeds. 

Finally, the second increase occurred in A axes some hours earlier than in A 

cotyledons. 

Protein synthesis in Ό and A embryos at 4 С 

It was examined whether the increase in protein synthesis during the preparatory 

phase could also be observed in D seeds in which dormancy was broken by imbibi

tion at 4 C. At 4
 0
C protein synthesis in D embryos increased steadily and did 

not remain at a constant level after the initial increase as in D seeds imbibed 

at 20 С The time course of protein synthesis indicates that during the first 

day (D seeds) or the first two days (A seeds) the imbibition-linked increase of 

protein synthesis occurred. Then during the preparatory phase the rate of pro

tein synthesis increased just as in A embryos at 20
 0
C. This occurred both in 

D and in A embryos. Protein synthesis increased again after germination. Cor-

incorporation . 

( n m o l S e m b - ' h - 1 ) 

5.0 

2 5 

germ. D ι - - " ' 0 seeí ,s 

ι д-"'л—i * see()s 

i' / 
',^* germ. A 

. / 

/ ^ 
1 2 3 4 5 6 7 8 

days after start of imbibition 

Figure 4. Incorporation of exogenous leucine in embryos of D and A Agros-
terma githago seeds after increasing periods of imbibition at 4

 0
C in the 

dark. Samples of 5 embryos were isolated from seeds and incubated for 60 
min at 4

 0
C in 38 kBq [

3
H]leucine with the addition of 10 mM unlabeled 

leucine. TCA-insoluble radioactivity was determined per embryo. Arrows in
dicate the time of germination of A and D seeds. Before this time unger-
minated seeds were selected, after this time only germinated ones. Each 
value is the mean of 6 determinations ± SEM. A: · — — — · ; D: о о. 

91 



Table 3. The effect of isolation on protein synthesis in embryos imbibed 
at4 0C. D seeds were imbibed at4 0C. Samples of 5 embryos were isolated 
from the seeds after 24 h, 42 h, 45 h, and 48 h and then preincubated on 
moistened filter paper for 24 h, 6 h, 3 h, and 0 h respectively. The 
samples were subsequently incubated for 45 min at4 0C in 113 kBq [3H]leu-
cine with the addition of 10 mM unlabeled leucine. Each value represents 
the mean of 6 samples ± SEM. 

uptake incorporation 
(nmol-5 emb'-MS min"l) (nmol-5 emb~l>45 min"l) 

48 h intact 63.69±1.10 1.19±0.04 

45 h intact + 3 h isolated 55.85±0.97 1.44±0.04 

42 h intact + 6 h isolated 57.18±1.23 1.56±0.07 

24 h intact + 24 h isolated 87.12±2.30 2.38±0.11 

responding sholders were observed in the time course of protein synthesis. A em

bryos lagged 0.5 to 1 day behind. Germination of A seeds was also about one day 

later. 

At 4 0C oxygen likely permeates the seed coat more readily than at 20 0C (Co

me and Tissaoui, 1973). On the other hand, the metabolism of the embryos is re

stricted by the low temperature and as a result of this, at 4 0C the oxygen con

centration surrounding the non-isolated embryo may approach that in the ambient 

solution (Dungey and Pinfield, 1980). Therefore, the increase of protein synthe

sis after germination was likely to be less at 4 0C than at 20 0C. Corresponding

ly, it was found that the increase after isolation was much less at 4 0C (Table 

3). This explains also why the courses of protein synthesis in A seeds at 4 0C 

(Fig. 4) and in isolated A embryos (Fig. 3) are very much alike. 

Germination after transfer from low germination-permitting temperatures to high 

germination-inhibiting temperatures. 

The preceding experiments indicate that before axis elongation A seeds go through 

a prelusive phase during which preparations for the onset of growth are made. Du

ring this phase the rate of protein synthesis in A axes exceeded the level in D 

axes. It could be that only the preparatory phase is inhibited by high tempera

tures. It was indeed found that after germination at 4 0C and transfer to 20 0C 

D seeds continued to grow (unpublished observation). Come and Thévenot (1982) 

also report that the preparatory phase (in their terminology germination sensu 
striato) and the growth phase had very different temperature optima. The presence 

of a preparatory phase was further examined in a series of experiments in which 

seeds were transferred before or during germination from a temperature which al-
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Figure 5. Germination after 5 days at 20
 0
C or 30

 0
C of D and A seeds 

which were previously placed for increasing periods at 4
 0
C or 20

 0
C 

( ). The course of germination at 4
 0
C or 20

 0
C was also deter

mined ( ; indicated by Λ20, A4, or D4). A: ·; D: 0. 
a: A seeds were placed at 20

 0
C and transferred after various periods to 

30
 0
C (А203О). 

b: A and D seeds were imbibed at 4 С and transferred after various peri
ods to 30

 0
C and 20

 0
C respectively (А^зо and 04+20). 

c: D seeds were imbibed for various periods at 4 ÓC and immediately trans
ferred to 20 0C (D4+20.intact), dried for 3 days and reimbibed at 20 0C 
(04*20.dried), or the embryos were isolated from the seeds and then placed 
at 20 0C (D4+20»isolated; axis elongation is considered as germination). 
d: D seeds were imbibed at 4 0C for various periods and immediately trans
ferred to 30 0C (D4+30,intact) or the embryos were isolated from the seeds 
and then placed at 30 0C (04+30,1'solated). 

lowed germination to a higher temperature which inhibited germination (Fig. 5). 

From A seeds which were imbibed at 20 0C for 13 h 10% germinated after trans

fer to 30 С (Fig. 5a). During prolonged imbibition at 20
 0
C this percentage in

creased. The same was observed when D and A seeds were imbibed at 4
 0
C and trans-
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ferred to 20
 0
C and30

 0
C respectively (Fig. 5b). The capacity to withstand an in

hibiting temperature is not an all-or-nothing phenomenon but a matter of degree: 

When D seeds were imbibed at 4
 0
C the capacity to germinate at 30 С developed 

later than the capacity to germinate at 20
 0
C (Fig. 5c,d). In addition, the ca

pacity for axis elongation developed earlier when the embryos were isolated from 

the seeds after transfer (Fig. 5c,d). Finally, the capacity to germinate at other

wise inhibiting temperatures was not lost totally when the seeds were first dried 

after the imbibition at low temperature and then reimbibed at the high temperatu

re (Fig. 5c). 

In conclusion these data demonstrate that during imbibition at a favorable 

temperature the seeds attain a greater capacity to withstand after transfer in

hibition by unfavorable temperatures. This imbibition period corresponds to the 

preparatory phase observed with regard to the rate of protein synthesis. 

DISCUSSION 

The preparatory phase 

It was found in a number of experimental systems that during the preparatory 

phase between the induction and the onset of growth the rate of protein synthe

sis increased strongly (Epel, 1967; Stanners and Becker, 1972; Verma and Marcus, 

1974; Fosket, 1981). The same was found in light requiring (Reger et al., 1975; 

Yamamoto et ai.,1975; GrubiSic et al. 1978) and hormone stimulated (Jarvis and 

Hunter, 1971; Fountain and Bewley, 1976) seeds. It was shown in this chapter 

that after an initial increase up to 6 h after the start of imbibition axes 

and cotyledons of D seeds have a constant level of protein synthesis, and that 

between 6 and 12 h the rate of protein synthesis in axes of germinating A Agros-

temma seeds exceeded this level. Germination of A seeds was between 22 and 28 h. 

This demonstrates that A Agrostemma seeds also go through a preparatory phase 

before the onset of growth. When in D seeds dormancy was broken by imbibition at 

4 C, protein synthesis did also not remain at a constant level after the initial 

increase but increased continuously just as in A seeds (Fig. 4). In cotyledons 

of germinating seeds the preparatory-phase-linked protein synthesis was less 

and somewhat later. The variance with other reports on Agrosterma (Hecker and 

Bernhardt, 1976a) and on seeds with the same type of dormancy (Hecker and Bern

hardt, 1976b; Cuming and Osborne, 1978; Satoh and Esashi, 1979; Hecker and Köh

ler, 1979) can be traced back to the pitfalls listed in the Introduction. 

The presence of a preparatory phase could also be established by germination 

experiments (Fig. 5). When A seeds had gone through the preparatory phase at a 
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low germination-permitting temperature (e.g. 20
 0
C) followed, before germination, 

by transfer to a high germination-inhibiting temperature {e.g. 30 C) germination 

occurred nevertheless. This indicates that the processes during the preparatory 

phase and during growth had very different temperature optima. A same kind of 

germination experiment showed that D seeds imbibed at 4 С also went through a 

preparatory phase just as A seeds did. For A seeds 3.6 days imbibition at 4 С 

was sufficient to get 50% germination at 30
 0
C. For D seeds this was 4.3 days. 

From this it might follow that A seeds at 4
 0
C completed the preparatory phase 

in a shorter time than D seeds. This conflicts, however, both with the course 

of protein synthesis at 4
 0
C (Fig. 4) and with the time to 50% germination at 

4
 0
C which is 5.4 and 6.6 days for D and A seeds respectively (Fig. 5).It will 

be shown in Chapter 7 that A seeds need a shorter time at 4 С because they are 

not completely blocked at 30
 0
C while D seeds are. 

Pretreating seeds with osmotic solutions (priming) results in faster and more 

homogenous germination (Heydecker et al., 1973; Bodsworth and Bewley, 1981). 

Drying of imbibed seeds followed by rehydration likewise leads to faster ger

mination (Akalehiywot and Bewley, 1980; Köhler et al., 1982). These two pheno

mena also show that during the preparatory phase in non-dormant seeds processes 

take place which have to be completed before axis elongation commences. 

To date it is not known whether D seeds do pass through such a preparatory 

phase and are inhibited at the'brink'of germination, whether they complete the 

preparatory processes in part or whether theydo not enter the preparatory phase 

at all. Come and Thévenot (1982) suggest that in apple embryos dormancy affects 

the preparatory phase (in their terminology germination sensu stricto). They do 

not, however, present supporting evidence. The data on protein synthesis in light 

requiring and hormone stimulated seeds suggest that these seeds are inhibited in 

the early part of the preparatory phase or do not enter it. The data on the time 

course of protein synthesis in Agvosterma seeds indicate that D seeds are inhi

bited between 6 and 12 h after initial imbibition or earlier. In the next chapter 

this will be investigated in more detail. 

Tuan and Bonner (1964) and Bonner (1965) hypothesized that dormancy is caused 

by repression of the genome resulting in a reduction of protein synthesis. The 

higher level of protein synthesis in A axes agrees with this hypothesis. However, 

when D embryos were isolated from the seeds, the rate of protein synthesis in the 

axes exceeded the level in non-isolated A axes. In spite of this higher rate of 

protein synthesis the isolated D embryos did not start to grow (Figs. 3b and 

lb). This demonstrates that the hypothesis put forward by Tuan and Bonner pro

bably does not hold in Agrostemma. The relation between the rate of protein syn-
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thesis and germination will be further examined in Chapter9. Whether the higher 

rate of protein synthesis in A axes is a general increase or whether it is caused 

by the synthesis of specific proteins is dealt with in Chapter 10. 

The growth phase 

The rate of protein synthesis increased strongly immediately after protrusion of 

the seed coat. Because in embryos protein synthesis increases considerably imme

diately after isolation from the seeds (Chapter 2) and because in embryos which 

were isolated at 6 h after initial imbibition the onset of growth coincided with 

a decrease of protein synthesis in the axes (Fig. 3), the increase after protru

sion of the seed coat was likely due to the higher oxygen availability for the 

embryo and not to growth. Germination is a kind of 'natural' isolation as opposed 

to'artificial ' isolation. 

When D embryos were isolated,protei η synthesis increased also considerably 

(Fig. 3), followed by a decrease. The decrease of protein synthesis in A embryos 

after the initial increase at 27 h (Fig. 2) is probably a similar phenomenon. 

When oxygen consumption in isolated D embryos was measured a similar time course 

was obtained: Immediately after isolation an increase occurred followed by a 

decrease which, however, was smaller compared to the decrease in protein synthe

sis (data not shown). The decrease in protein synthesis is, therefore, presuma

bly only partly due to a decrease in the general metabolism. In cotyledons of A 

non-isolated embryos protein synthesis increased again between 72 h and 120 h 

(Fig. 2). This increase could not be related to changes in the growth rate (Fig. 

1 ) and may be due to the synthesis of the photosynthetic apparatus. 

Embryos of intact D seeds had a constant rate of protein synthesis after the 

initial increase up to 120 h. It is not clear whether this protein synthesis 

represents a 'basal' metabolism or whether D seeds enter the preparatory phase, 

complete it to a small part before being inhibited and remain at a corresponding 

level of protein synthesis. The presence of sholders in the time course of pro

tein synthesis at 4
 0
C suggest that the former is the case. 

Conclusion 

To date the time course of protein synthesis in germinating seeds is still un

clear due to the pitfalls listed in the Introduction. Furthermore, because ger

minating seeds have not been compared with D non-germinating seeds, no distinc

tion could be made between germination-linked protein synthesis and other kinds 

of protein synthesis. It was shown in this chapter that in axes and cotyledons 

of germinating Agvostemma seeds protein synthesis increased at three stages: 
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(1) concurrent with swelling, (2) during the preparatory phase prior to the on

set of growth and (3) immediately upon germination. Embryos of D non-germinating 

seeds are capable to the first and the third increase but not or only to a small 

extent to the second increase. 

The data presented in this chapter demonstrate that Agrosterma embryos which 

are isolated during early imbibition and subsequently further imbibed on moiste

ned filter paper do not reflect the natural situation (compare Figs. 2 and 3). 

In all likelihood the same holds for seeds of other species. However, to what 

extent the results are affected by isolation depends on the permeability of the 

seed coat for oxygen. This casts doubt on the large number of reports on protein 

synthesis in germinating seeds in which embryos are isolated during the very 

early hours of imbibition (e.g. Marsh et al., 1982; Bray, 1979). 
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CHAPTER 3 

THE PREPARATORY PHASE OF GERMINATION IN DORMANT AND AFTERRIPENED 

AGROSTEMMA GITHAGO L. SEEDS 

ABSTRACT 

At 4
 0
C the final germination percentage of Agrosteima githago seeds was almost 

100% and independent of the degree of dormancy. Afterripened and dormant seeds 
preincubated at 15, 20, 30, or 35

 0
C, followed by transfer to 4 С germinated 

more rapidly due to the completion of water uptake, of processes in preparation 
for germination and possibly of the switch from the ripening to the dormancy-

Sermination state during the preincubation. The hastening of germination at 4 С was taken as an indication to what extent seeds had passed through the various 
processes which precede germination during the preincubation. 

Dormant seeds preincubated at 20
 0
C passed through the same processes as af-

terripened seeds during the first 4 h of preincubation. In dormant seeds swelling 
accounted for maximally 60% of these processes. Beyond 4 h afterripened seeds 
continued to pass through the preparatory processes for germination but dormant 
seeds were inhibited. It was not clear whether dormant seeds did not enter the 
preparatory phase or passed it only partially before they became inhibited. 

Dormant seeds preincubated at 15
 0
C completed a small part of the preparatory 

phase but not sufficient to enable germination. Afterripened seeds at 30
 0
C did 

not germinate but, nevertheless, completed a large part of the preparatory pro
cesses. Afterripened seeds at 35 С passed a much smaller part of the prepara
tory phase. Isolated afterripened embryos readily grew at 30

 0
C but were in

hibited to 27% at 35
 0
C. 

INTRODUCTION 

Non-dormant seeds of most species do not germinate immediately after completion 

of water uptake, but after a lag period which may last a few hours to a few days 

(Bewley and Black, 1978; Hegarty, 1978). When seeds had been imbibed and then 

dried before germination, they germinated much earlier after rehydration (Akale-

hiywot and Bewley, 1980; Crèvecoeur et al., 1976; Köhler et al., 1982). This 

indicates that during the lag period processes had taken place which had not to 

be repeated. Furthermore, when germination was inhibited by a high concentration 

of osmoticum seeds germinated almost directly after transfer to water (Heydecker 

et al. , 1973). This indicates that the seeds had completed almost all preparatory 
processes and were inhibited at the brink of germination. Just as in the previous 

chapter I will distinguish (1) the absorption of water which causes a reactiva

tion of the metabolism and (2) the processes in preparation for axis elongation. 

99 



To date it is not clear how dormant (D) and non-D seeds differ with respect 

to the processes in preparation of germination (Bewley and Black, 1982). Possibly 

D seeds either cannot enter or complete the preparatory phase or they finish this 

phase but are inhibited at the onset of growth. In the previous chapter it was 

concluded from the rates of protein synthesis that D Agrostemma githago seeds 

are inhibited before 12 h after initial imbibition. In this chapter the time of 

inhibition is examined in more detail. 

At 4
 0
C D and afterripened (A) Agrosterma seeds germinate about equally rapid. 

This fact offered the opportunity to determine to which degree the preparatory 

processes had been completed at temperatures which did not allow germination. 

When, for example, D seeds were first imbibed at 20
 0
C and then transferred to 

4
 0
C, they would not have to repeat the preparatory processes which they had fi

nished at 20
 0
C. Hence they would germinate earlier than seeds which had not been 

preincubated at 20 C. So the rapidity of germination at 4 С indicated to what 

extent the seeds had gone through the preparatory phase. 

MATERIALS AND METHODS 

Plant material 
Seeds of Agrostemma githago L. (Provenance Gatersleben, GDR) were derived from 
plants cultivated in the Botanical Garden of the University of Nijmegen in 1982. 
After harvest the air-dry seeds were stored immediately at -20

 0
C (D seeds), or 

for 9 months at room temperature and then at -20
 0
C (A seeds) (Hiibel, 1966). 

Germination tests 
Germination tests were carried out in petri dishes (0 9 cm) on 3 layers of filter 
paper wetted with 5 ml water. Each petri dish contained 30-40 seeds and for each 
test 3 petri dishes were used. When necessary water was added during the test. 
The dishes were first kept at 15

 0
C, 20

 0
C , 30

 0
C, or 35

 0
C respectively. This 

will be referred to as 'preincubation'. After various periods of preincubation 
the petri dishes were transferred to 4

 0
C. In one experiment the seeds were first 

dried after imbibition at 20
 0
C for 3 days at room temperature and subsequently 

rehydrated at 4
 0
C. The number of seeds germinated (having a visible radicle) 

was recorded daily. Germinated seeds were discarded. For each sample of 30-40 
seeds the time at 4

 0
C to 50% germination ^ Q ) was determined by extrapolation. 

Determination of the rate of protein synthesis 
At the appropriate times samples of 5 embryos were isolated from seeds and in
cubated in 38 kBq [

3
H]leucine in 10 mM KCl, 1 mM СаСІ2 and 50 yg ml

- 1
 chloramphe

nicol (Bernhardt et al., 1978) to which 10 mM unlabeled leucine was added. After 
30 min incubation radioactivity in the hot 5% TCA insoluble fraction was deter
mined as described in Chapter 2 . [4,5-

3
H]leucine (2.19 TBq mmol

- 1
) was purchased 

from the Radiochemical Centre, Amersham, UK. 
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RESULTS 

Ppeinaubation at 20 С 

After various periods of preincubation at 20
 0
C D and A seeds were transferred 

to 4
 0
C. The time at 4

 0
C necessary to reach 50% germination (t

5 0
) was determi

ned. For non-preincubated seeds t
5
Q was 5.7 and 5.6 days for D and A seeds res

pectively. A seeds germinated earlier at 4
 0
C according as they were preincubated 

longer at 20
 0
C (Fig. 1). The determined t5û was longer in comparison with the 

expected course of t ™ which in all likelihood was due to the temperature shock 

after transfer (see e.g. Weidmer et al., 1982). The preparatory processes passed 

through at 20 0C apparently needed not to be repeated at 4 C. 

When D seeds were preincubated for 4 h at 20 0C the t50 was 86% of non-prein

cubated seeds. A longer preincubation had no further effect. In A seeds preincu

bated for 4 h at 20 0C the t50 was also shortened to 86%. This indicates that 

up to 4 h after initial imbibition D and A seeds performed the same processes. 

Thereafter, D seeds were inhibited while A seeds continued the preparatory pro

cesses. 

It was shown in the previous chapter that during the preparatory phase the 

time to 50 7o germination (7o) — 

100 

50 

"\K · ь-

1 1 1 1 

' 

—« A 

_ i — X J 

— - i D 

12 16 20 24 

hours at 20
 0
C 

Figure 1. Time at 4 0
C to 50% germination (ί

5 0
) after preincubation of 

A and Q seeds at 20
 0
C. Samples of 30-40 A or D seeds were preincubated 

at 20 С in petri dishes and transferred after increasing periods to 4 
0
C. The t5Q was determined as a percent of non-preincubated D and A seeds. 
Each value is the mean of 3 samples ± SEM. For A seeds also the expected 
time course of t^n is given ( ). This is the line between t5o 
without preincubation (tcQ=100%) and the time to 50% germination of 
A seeds remaining at 20 ÖC (t5o=0%). D: о о; A: · ·. 

101 



incorporation 

(nmot-Semtr -30 mm"1) 
i. 

3 

I 

1 

0 U 8 12 16 20 21 
h after start of imbibition 

Figure 2. Time course of protein synthesis in axes and cotyledons of D 
and A seeds imbibed at 20

 0
C. Samples of 5 embryos were isolated from 

seeds after increasing periods of imbibition at 20
 0
C and incubated for 

30 min in 38 kBq [
3
H]leucine with the addition of 10 mM unlabeled 

leucine. Each value is the mean of 6 determinations ± SEM. The arrow in
dicates the mean time of germination in A seeds. Before this time only 
ungerminated seeds were selected for incorporation, after this time only 
germinated. D: о о; A: · ·. 

protein synthesis in A axes exceeded the level in D axes. Since for the experi

ments presented in this chapter seeds from another harvest (1982) were used and 

as the year of harvest and the afterripening conditions affect the rapidity of 

germination and the rate of protein synthesis a time course of protein synthesis 

was made with the seeds of the 1982 harvest (Fig. 2). Between 4 and 8 h after 

initial imbibition protein synthesis in A axes exceeded the level of D axes. At 

4 h protein synthesis in A axes was significantly lower than in D axes (p<0.01) 

and at 8 h significantly higher (p<0.05). From 12 to 20 h protein synthesis in 

A axes was about 100% higher than in D axes. 

Preincubation at 30 0C and 35 0C 

D and A seeds were preincubated for increasing periods at 30
 0
C or 35

 0
C and 

subsequently transferred to 4
 0
C. At 30

 0
C and 35

 0
C both A and D seeds did not 

germinate. Embryos isolated from A seeds growed rapidly at 30
 0
C, but at 35

 0
C 

growth was inhibited in 27% of the embryos and was retarded in the remaining 
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Figure г. Time at 4
 0
C to 50% germination (tso) after preincubation of 

A and D seeds at 30
 0
C or 35

 0
C. Samples of 30-40 A or D seeds were pre-

incubated at 30
 0
C or 35

 0
C in petri dishes and transferred after in

creasing periods to 4
 0
C. The tso was determined as a percent of non-

preincubated A and D Seeds. Each value is the mean of three samples ± 
SEM. D: о o; A:· ·. 

embryos. In D seeds preincubated at 35 С the time to 50% germination after 

transfer to 4 С increased with longer preincubation times (Fig. 3). This is due 

to the induction of secondary dormancy (Borriss, 1940). At 30
 0
C the t

C
n first 

decreased somewhat but, thereafter, also increased. However, the increase was less 

than after preincubation at 35
 0
C. Because of the induction of secondary dormancy 

the data are difficult to interprete. Possibly a part of the preparatory phase 

was completed at 30 С or 35 C, however, was not visible because secondary dor

mancy was superimposed. 

When A seeds were preincubated for 14 days at 30
 0
C or 35 ''c, t

5 Q
 was only 

30% or 35% higher than after 1 day preincubation (de Klerk and Willekens, unpu

blished results). This indicates that the results with A seeds preincubated at 

30 С or 35 С are only slightly masked by the induction of secondary dormancy. 

Preincubation of A seeds at 35
 0
C shortened t ™ to 80-85% of non-preincubated 

seeds (Fig. 3). Preincubation for more than 4 h did not result in a further de

crease of t
5
Q. Preincubation of A seeds at 30

 0
C reduced t

5 0
 further according 
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Figure 4. Time course of protein synthesis in axes and cotyledons of 
A and D seeds imbibed at 30 0C. Samples of 5 embryos were isolated from 
seeds after increasing periods of imbibition at 30 ''C and incubated for 
30 min at 30 0C in 38 kBq [3H]leucine with the addition of 10 mM un
labeled leucine. Each value is the mean of 6 determinations ± SEM. 
A:· ·; D: о о. 

as the preincubation lasted longer. After 24 h preincubation t
5 0
 was almost 50% 

of non-preincubated seeds. In A seeds the progress of the preparatory phase was 

slower than at 20
 0
C (Figs. 1 and 3). 

At 20
 0
C axes of A seeds had a higher rate of protein synthesis than D axes 

when the A seeds had entered the preparatory phase (Fig. 2). As A seeds at 30 С 

complete a part of the preparatory phase, they probably will also have a higher 

rate of protein synthesis. This was indeed the case (Fig. 4; ρ<0.05 for 18, 24, 

30, and 48 h). The level of protein synthesis in A axes was, however, only 30% 

higher. 

Preincubation at IS С 

Germination of D Agrostemma seeds is inhibited at temperatures higher than 10 
0
C. It was found that D seeds of the 1982 harvest did not germinate at 15

 0
C 

and that isolated D embryos also did not grow at 15
 0
C. Nevertheless, D seeds 

might complete a larger part of the preparatory phase at 15 С than at 20 С 

Indeed this appeared to be the case (Fig. 5). The difference between 15
 0
C and 

20
 0
C is small but significant (at 20 h ρ <0.05). D seeds at 15

 0
C are inhibited 
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Figure s. Time at 4 0
C to 50% germination (tso) after preincubation of 

A and D seeds at 15
 0
C. Samples of 30-40 A or D seeds were preincubated 

at 15
 0
C in petri dishes and transferred after increasing periods of 

preincubation to 4
 0
C. The t^Q was determined as a percent of non-prein-

cubated seeds. Each value is the mean of 3 samples ± SEM. For A seeds 
also the expected course of ΐ

5 0
 is given ( ) (see Fig. 1 for 

explanation). A:· ·; D: о о. 

between 8 and 12 h after initial imbibition. 

Drying after preincubation 

When non-D seeds are imbibed, dehydrated before germination and subsequently 

rehydrated, they germinate earlier {e.g. Köhler et al.,l9B2). It was examined 

whether A and D Agrosterma seeds which had been preincubated at 20 С and sub

sequently dried, germinated more rapidly after rehydration at 4 С than untreated 

seeds. Samples of 30 seeds were subjected 1, 2, or 3 times to the hydration-de-

hydration treatment (Table 1). In pretreated A seeds germination occurred much 

earlier than in non-pretreated seeds. However, the decrease of t
5 0
 in desiccated 

seeds was less than in seeds which had been immediately transferred to 4 С In 

D seeds the shortening of t
5 0
 after the hydration-dehydration treatment was small. 

However, when the data of 1, 2, and 3 treatments were taken together, the dif

ference with non-preincubated seeds was significant (p<0.05). In D seeds the 

decrease of t
c n
 was also less when the seeds were first dried instead of imme-

diately transferred to 4 С 
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Table 1. Time at 4 С to 50% germination (tso) after preincubation of 
A and D seeds at 20

 0
C followed by drying and rehydration at 4

 0
C. 

Samples of 30-40 A or D seeds were imbibed for 6 h at 20
 0
C and then 

dried at room temperature for 72 h. Samples were subjected 1 time (6 h), 
2 times (6 h + 6 h), or 3 times (6 h + 6 h + 6 h) to this treatment. 
The seeds were rehydrated at 4

 0
C and the time to 50% germination was 

determined. Also non-dried samples (6 h, non-dried) were analysed. 
The tso was expressed as a percent of non-preincubated seeds (0 h). 
Each value is the mean of 3 samples ± SEM. 

A {%) D {%) 

0 h 100.0 ± 1.9 100.0 ± 1.8 

б h 80.3 ± 1.3 95.8 ± 2.3 

6 h + 6 h 64.6 ± 0.2 96.8 ± 0.4 

6 h + 6 h + 6 h 62.2 ± 0.6 92.2 ± 2.5 

6 h, non-dried 65.9 ± 1.3 88.0 ± 3.8 

DISCUSSION 

To date it is not clear how A seeds differ from D seeds before the onset of axis 

elongation (Bewley and Black, 1982). As it is known that non-D seeds complete a 

number of processes prior to the onset of axis elongation, it was determined in 

this chapter to what extent blocked Agrosterma githago seeds complete these 

processes. D and A seeds were preincubated at 20
 0
C and after various periods 

transferred to 4
 0
C. At 4

 0
C D and A seeds germinate for about 100% with equal 

rapidity. After preincubation of the seeds at 20
 0
C the rapidity of germination 

increased because processes completed at 20
 0
C apparently did not have to be 

repeated at 4
 0
C. These processes include (1) swelling together with a reacti

vation of the metabolism, (2) direct preparations for growth and (3) possibly 

the switch from the ripening state to the dormancy-germination state. Preincuba

tion at 20
 0
C for 4 h hastened subsequent germination at 4

 0
C in both A and D 

seeds with about 15% (Fig. 1). So at 20
 0
C A and D seeds completed the same pro

cesses up to 4 h after initial imbibition. Longer preincubation at 20
 0
C resulted 

in a further increase of the speed of germination in A seeds only. This indicates 

that after 4 h imbibition at 20
 0
C D seeds were inhibited but A seeds continued 

the preparatory processes. It is not clear whether the increased rapidity of ger

mination in D seeds at 4
 0
C was apart from the other two processes mentioned above, 

also due to a partial completion of the preparatory phase. 

At 15 С germination of intact D seeds and growth of isolated D embryos were 

inhibited. After preincubation of D seeds at 15 С the time to 50% germination 

after transfer to 4
 0
C was shorter than after preincubation at 20

 0
C. This indi-
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cates that D seeds at 15
 0
C completed a part of the preparatory processes. A 

seeds in which germination was inhibited by imbibition at 30 С completed the 

preparatory processes for a large part. The t
5
Q was about 50% of non-preincu-

bated seeds. This corresponds with the rapid growth of isolated A embryos at 

30
 0
C. When preincubated at 35

 0
C,A seeds completed a much smaller part of the 

preparatory phase. The t ™ was shortened to maximally 80% of non-preincubated 

seeds. From isolated A embryos 73% started to grow at 35
 0
C. It is remarkable 

that after preincubation of D seeds at 15
 0
C the t

5 0
 is also shortened to about 

30% but that the growth of isolated D embryos at 15
 0
C is inhibited completely. 

When A seeds were dried after preincubation at 20
 0
C a part of the processes 

completed during the preincubation did not have to be repeated upon rehydration 

at 4 C. Another part, however, was lost after drying. This contrasts the findings 

of Akalehiywot and Bewley (1980) who found no loss after drying, but corresponds 

with the data reported by Crêvecoeur et al. (1976). The part that had to be re

peated consisted apart from swelling likely also of some of the preparatory pro

cesses. Preincubated, dehydrated and subsequently rehydrated D seeds also ger

minated earlier than non-pretreated seeds (Table 1). The shortening of t50 was 

after drying only about 5% instead of 13% in seeds which had not been dried 

and had been immediately transferred. This indicates that the completion of water 

uptake contributed not more than 60% to the shortening of germination time at 4 0C in 

D seeds which had been preincubated at 20 0C. 

The completion of the preparatory phase was accompanied by a higher rate of 

protein synthesis in the axes. When in A seeds at 30 0C germination was inhibi

ted but the preparatory phase nevertheless partially completed (Fig. 3), the 

rate of protein synthesis in A axes was 30% higher than in D axes. At 20 0C the 

rate of protein synthesis in the axes was before the onset of growth about 100% 

higher (Fig. 2). 

It is not clear whether protein synthesis in D embryos at 20 0C is due to a 

partial completion of the preparatory phase or represents basal metabolisn. The 

high rate of protein synthesis in D embryos at 30 0C suggest that protein syn

thesis in D embryos represents basal metabolism. The hydrated embryo is then ana

logous to other quiescent systems such as unfertilized sea urchin eggs (Epe!, 

1967) and stationary cell cultures (Verma and Marcus, 1974). In these systems 

the rate of protein synthesis also increased after the induction but prior to 

the onset of growth. The relation between protein synthesis and germination 

will be further dealed with in the next chapter. 
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CHAPTER 9 

PROTEIN SYNTHESIS IN INHIBITED AND GROWING EMBRYOS OF AGROSTEMMA 
GITHAGO L. 

ABSTRACT 

The relationship between growth and protein synthesis was examined in embryos of 
Agrostemma githago. When the growth of afterripened seeds or embryos was inhibi
ted by a high concentration of PEG-400 the embryos nevertheless completed a part 
of the processes in preparation of growth and consequently showed a higher level 
of protein synthesis compared with dormant embryos treated with the same PEG 
concentration. The inhibited afterripened embryos probably remained in the pre
paratory phase during a prolonged imbibition and maintained the increased rate 
of protein synthesis. At 24 h after initial imbibition non-treated isolated af
terripened embryos hadstartedto grow. At this and at later stages PEG inhibited 
protein synthesis more in afterripened than in dormant embryos indicating that 
in growing embryos a part of protein synthesis was directly related with growth. 

ABA had the same effects as PEG. This indicates that ABA also allows a large 
part of the preparatory processes and inhibits shortly prior to axis elongation, 
As dormant Agrostemma embryos are inhibited long before axis elongation (Chapter 
8) ABA is probably not involved in the dormancy of Agrostemma seeds. 

When protein synthesis in afterripened embryos was reduced below the level of 
dormant embryos by CH (cycloheximide) growth nevertheless occurred which indica
ted that the increased level of protein synthesis in afterripened embryos is 
not necessary for growth. Viae versa, seeds did not germinate in spite of an in
creased level of protein synthesis in axes of imbibed seeds induced by a short 
time of afterripening. 

INTRODUCTION 

Imbibed non-dormant seeds do not germinate immediately when water uptake is com

pleted but first pass through a preparatory phase. Dormant (D) Agrostemma seeds 

at 20 0C are inhibited early after initial imbibition and either do not enter the 

preparatory phase at all or pass it partially before they become inhibited (Chap

ter 8). Furthermore, it was found that during the preparatory phase afterripened 

(A) seeds had a higher rate of protein synthesis than D seeds both in axes and 

cotyledons (Chapters 7 and 8). This agrees with findings in a number of other ex

perimental systems such as fertilized sea urchin eggs (Epel, 1967), activated 

cell cultures (Stanners and Becker, 1972; Verma and Marcus, 1974; Fosket, 1981), 

and light or hormone induced seeds (Reger et al., 1975; Yamamoto et al., 1975; 

Fountain and Bewley, 1976). In this chapter the relationship between the level of 
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protein synthesis and germination are further examined. The rates of growth and 

of protein synthesis were determined after imbibition in ABA and PEG-400 solutions 

which both inhibit growth, after imbibition in cycloheximide (CH) which inhibits 

protein synthesis, and in seeds at different stages of afterri pening. 

MATERIALS AND METHODS 

Plant material 
Seeds of Agrosterma githago L. (Provenance Gatersleben, GDR) were derived from 
plants cultivated in the Botanical Garden of the University of Nijmegen in 1980 
and 1981. After harvest the air-dry seeds were either stored immediately at -20 
0
C (D seeds) or kept for one year at room temperature followed by storage at 
-20

 0
C (A seeds) (Hlibel, 1966). The source of the seeds used is indicated in each 

experiment. In one experiment seeds of the 1980 harvest were air-dry stored at 
20±1

 0
C for 0, 1, 2, 3, 4, or 5 months respectively, followed by storage at -20 

0
C. 

Imbibitiorij preinoubation and incubation procedures 
In experiments with intact seeds imbibition occurred in water or in 0.25 M PEG-
400. At various periods after initial imbibition samples of 5 embryos were ex
cised from the seeds and incubated in 200 μΐ 10 mM KCl, 1 mM CaCl2,,and 50 yg 
ml

- 1
 chloramphenicol (Bernhardt et al., 1978) to which 38 kBq [4,5-

3
H]leucine 

(3.89 TBq mmol"
1
. Radiochemical Centre, Amersham, UK), 10 mM unlabeled leucine 

and when appropriate 0.25 M PEG-400 were added. 
In experiments with isolated erribryos seeds were imbibed for 6 h in water at 

20
 0
C. The embryos were isolated from the seeds and preincubated at 20

 0
C on fil

ter paper moistened with ABA, PEG-400 or CH dissolved in the KCl-CaCl2-chloram-
phenicol solution. At every 2 4 ^ h after initial imbibition the embryos were 
transferred to fresh solutions. After various periods of preincubation the em
bryos were incubated in the appropriate ABA, PEG-400 or CH solution with addi
tion of 38 kBq [Зн]1еисіпе and 10 mM unlabeled leucine. Determination of hot 
TCA-insoluble label was carried out as described in Chapter 2. 

Fresh weight was determined of isolated embryos treated in the same way as 
described above. Before weighing the embryos were blotted carefully with tissue 
paper. 

RESULTS 

Incubations in PEO400 

Imbibition of seeds at high osmoticum concentrations inhibits germination {e.g. 

Reynolds, 1975). In intact seeds of Agrosterma githago, 1980 harvest, germination 

at 20 С was inhibited by 0.25 M PEG-400. At lower concentrations germination was 

merely delayed. When A and D seeds were imbibed in 0.25 M PEG-400 protein syn

thesis was lower during early imbibition. This is probably due to damage of the 

protein synthesizing machinery during the one year dry storage (Hecker and Bern

hardt, 1976a; Peumans and Carlier, 1981). At 18 h the level of protein synthesis 

in A axes exceeded the level in D axes (p < 0.05) and was 50 to 65% higher during 
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Figure 1. Time course of protein synthesis in cotyledons and axes of D 
and A Agrostemma githago seeds imbibed in 0.25 M PEG-400. D and A seeds, 
1980 harvest, were imbibed in 0.25 M PEG-400 (-8.5 bar). At this concen
tration the germination of A seeds was inhibited completely. Samples of 
5 embryos were isolated from the seeds after various periods of imbibi
tion and incubated for 30 min in 200 μΐ 0.25 M PEG-400 with addition of 
38 kBq [Зщіеисіпе and 10 mM unlabeled leucine. Each value is the mean 
of 6 determinations ± SEM. D: о о; A: · ·. 

the remainder of the experiment. A cotyledons had the same or a somewhat higher 

rate of protein synthesis than D cotyledons after the initial increase (Fig. 1). 

In isolated embryos growth was inhibited completely at 0.4 and 0.5 M PEG 

(Fig. 2a). At 0.3 M PEG the growth reduction was about 90% and growth was also 

considerably delayed. At 0.2 M the growth reduction was 50 to 70% and growth was 

also somewhat delayed. 
3 

Embryos incubated immediately after isolation in PEG with addition of [ H]-

leucine, showed no inhibition of incorporation at high concentrations of PEG 

(Fig. 2b). After 6 h of preincubation in PEG-solutions (12 h after initial im

bibition) protein synthesis had increased considerably in both A and D embryos 

(Fig. 2c). In A embryos the level of protein synthesis was higher due to the 

start of processes in preparation of growth which are inhibited in D embryos 

(Chapters 7 and 8). At 12 h high PEG-concentrations inhibited protein synthesis 

significantly both in A and D embryos. The same holds for prolonged preincuba

tion. Although the growth of A embryos was completely inhibited at 0.4 and 0.5 M, 

the level of protein synthesis was nevertheless higher in A embryos. This indi

cates that A embryos had partially completed the preparatory processes and were 

then inhibited to transit to the growth phase. Remaining in the preparatory phase, 

міьиі uui α ι ι υ ι ι 

(η mol·5 emb"1-30 min"') 

2 I - i s-
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Figure 2. The e f f e c t of PEG-400 on growth (a) and protein synthesis 
(b-e) of D and A isolated Agvostemma githago embryos. Embryos were 
isolated from seeds imbibed in water f o r б h and preincubated in var
ious PEG-400 concentrations. Fresh weight of A embryos was determined 
at 12, 18, 32, and 56 h a f t e r i n i t i a l imbibit ion (a). Protein synthesis 
was determined d i r e c t l y a f t e r i s o l a t i o n ( b ) , at 12 h ( с ) , at 24 h ( d ) , 
and at 48 h (e) a f t e r i n i t i a l imbibi t ion by incubating samples of 5 
embryos in 200 μΐ of the appropriate PEG concentration with addit ion 
of 38 kBq [ 3 H]leucine and 10 mM unlabeled leucine. PEG-400 concentra
tions of 0.2 M, 0.3 M,0.4 M, and 0.5 M were -6.3 bar, -10.4 bar, -17.1 
bar, and -25 bar respectively as determined with an osmometer. The ex
periments were performed with seeds obtained from plants grown in 1980. 
Each value is the mean of б determinations ± SEM. D: о о; A: 



they maintained consequently a higher rate of protein synthesis than D embryos 

(Fig. 2d,e). At 24 h 0.4 an 0.5 M PEG inhibited protein synthesis more in A than 

in D embryos (Fig. 2c). This demonstrates that a part of protein synthesis in 

A embryos was reduced by the restriction of growth. At 12 h A embryos had not 

yet commenced to grow. Since at 12 h PEG caused a larger reduction of protein 

synthesis in A embryos than in D embryos (Fig. 2c), PEG inhibits in A embryos 

probably also other processes than cell elongation alone. 

Incubat-ions in ABA 

In the experiments with ABA and CH seeds of the 1981 harvest were used. A seeds 

of the 1981 harvest were less viable than A seeds of 1980 as indicated by the 

decreased rapidity of germination, smaller capacity to withstand osmotic stress 

and lower rate of protein synthesis. 

Embryos were isolated from seeds after 6 h imbibition in water and incubated 
-4 -5 

in ABA solutions. 10 and 10 M ABA inhibited growth completely (Fig. 3a). In 

10" M at 32 h 14% of the embryos showed curvature of the axis, i.e. growth, 

and at 56 h a maximum of 40% was reached (30 embryos tested). In the absence of 

ABA all embryos showed curvature of the axis before 30 h after initial imbi

bition. Thus 10" M ABAreduced both the rapidity of germination and the final 

germination percentage. Correspondingly the increase of fresh weight at 10" M 
-7 -8 

was low (Fig. 3a). 10 M ABA inhibited growth partially and at 10 M a small 

increase of fresh weight was found (p < 0.1). A stimulation by ABA at low con

centrations was reported for the elongation of root tips in pea seedlings 

(Gaither et al. , 1975). 
Embryos were isolated from seeds after 6 h imbibition in water and subsequent-

3 
ly incubated for 30 min in ABA solutions with the addition of [ H]leucine. At 
this stage ABA did not affect protein synthesis (Fig. 3b). When embryos had 

first been preincubated in ABA solutions the higher ABA concentrations reduced 

the incorporation of applied leucine. At 12 h ABA inhibited protein synthesis 

at concentrations of 10" M and higher (Fig. 3c). In both A and D embryos the re

duction of protein synthesis was maximally about 25%. The rate of protein syn

thesis was higher in A embryos at 12h, at 24 h, and at 48 h after initial imbi

bition in all ABA concentrations (Fig. 3c,d,e). Thus in spite of a complete in-
-4 -5 

hibiti on of growth in A embryos at 10 M and 10 M, the level of protein synthe
sis was higher in A embryos. This indicates that just as after imbibition in high 
concentrations of PEG-400 the embryos were allowed to complete a part of the 
preparatory processes before they became inhibited. Then, remaining in the pre
paratory phase, they maintained the increased level of protein synthesis. At 24 
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Figure 3. The e f f e c t o f ABA on growth (a) and p r o t e i n synthesis (b-e) 
o f D and A i s o l a t e d Agrosterma githago embryos. Embryos were i s o l a t e d 
from seeds imbibed i n water f o r 6 h and p r e i n c u b a t e d i n v a r i o u s ABA 
c o n c e n t r a t i o n s . Fresh weight was determined a t 28h, 48 h , and 72 h 
af ter i n i t i a l imbibi t ion (a). Protein synthesis was determined d i r e c t l y 
a f t e r iso lat ion ( b ) , and at 12 h ( с ) , 24 h ( d ) , and 48 h (a) after i n i t i a l 
imbibit ion by incubating samples of 5 embryos in 200 μΐ of the appro
pr iate ABA concentration with addit ion of 38 kBq [3H]leucine and 10 mM 
unlabeled leucine. The experiments were performed with seeds obtained 
from plants grown in 1981. Each value is the mean of 6 samples ± SEM. 



h high ABA concentrations inhibited protein synthesis more in A than in D embryos 

(Fig. 3d). This again demonstrates that in growing A embryos a part of the protein 
-8 

synthesis is directly related to growth. At 10 M protein synthesis in A embryos 

was higher than in untreated A embryos (p < 0.05 at 48 h). It is of interest that 

at 12 h ABA inhibited protein synthesis in D embryos at concentrations of 10" M 
-4 

and higher but that at 48 h inhibition was only considerable at 10 M. 

Inaubat-ione in cyaloheximide (CH) 

The results presented in Chapters 7 and 8 indicate a close relationship between 

the processes in preparation of germination and the increased level of protein 

synthesis in A embryos. It was examined whether A embryos in which the level of 

protein synthesis was reduced below the level of untreated D embryos would start 

to grow. Embryos were isolated from seeds which had been imbibed in water for 

6 h and were then incubated at CH solutions. At 10" M growth was not inhibited 

-5 -4 

(Fig. 4a). At 10 M growth was inhibited partially and at 10 M completely. 

At all three concentrations of CH the rate of protein synthesis was reduced 

significantly (Fig. 4b-e). At 12 h and 24 h A embryos preincubated at 10 M CH 

had a lower rate of protein synthesis than untreated D embryos. In spite of the 

reduced protein synthesis they started to grow, albeit with some delay. This 

demonstrates that the observed higher rate of protein synthesis in A embryos is 

not necessary for growth to start. It is of interest that at 10" M growth was 

not inhibited but protein synthesis was. Furthermore, at 10" M prolonged pre

incubation resulted in a smaller reduction of growth and protein synthesis 

suggesting that recovery took place. 

Afterripening seeds 

Seeds of the 1980 harvest were stored at 20
 0
C under dry conditions for 0, 1, 

2, 3, 4, or 5 months respectively and then kept at -20
 0
C. During dry storage 

at 20
 0
C the dormancy was broken. The final germination percentage was reached 

after 4 to 5 months (Fig. 5b). The rapidity of germination also increased: Seeds 

stored for 1 month germinated at 24 h for 1935 and at 30 h for 32% of their final 

germination percentage at 3 days; for seeds stored for 5 months this was 40% at 

24 h and 57% at 30 h (Fig. 5b). The rate of protein synthesis in axes of after-

ripening seeds at 18 h after initial imbibition increased up to 3 months with 

about 90% and remained constant thereafter. The increase after 1 month storage 

was 55% i . e . more than half of the total increase from 0 to 5 months (Fig. 5a). 

In cotyledons a small increase was found which also mainly occurred during the 

first month of dry storage (from 0 to 1 month: ρ < 0.05). In a similar experiment 
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Fvgure 4. The e f f e c t of cycloheximide (CH) on growth (a) and protein 
synthesis (b-e) of D and A isolated Agrostemma githago embryos. Embryos 
were isolated from seeds imbibed in water for 6 h and preincubated in 
various CH concentrations. Fresh weight was determined at 24 h, 48 h 
and 72 h af ter i n i t i a l imbibit ion ( a ) . Protein synthesis was determined 
d i r e c t l y af ter iso lat ion ( b ) , and at 12 h, 24 h, and 48 h a f t e r i n i t i a l 
imbibit ion (c, d , e) by incubating samples of 5 embryos in 200 yl of 

л f P P r o P n a t e C H concentration with addit ion of 38 kBq [3H]leucine 
and 10 mM unlabeled leucine. The experiments were performed with seeds 

r ™ . f r m p 1 a n t s 9 r o w n 1 n 1 9 8 1 · E a c h v a l u e is the mean of 6 samples * SEM. D: о o; A: · · . 
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Fißure 5. Protein synthesis at 18 h after initial imbibition (a) and ger
mination at 24 h, 30 h, and 3 days (b) of afterripening Agrosterma githa-
go seeds. D seeds of the 1980 harvest were stored at 20±1 0C for 0, 1, 2, 
3, 4, or 5 months. Samples of 5 embryos were isolated from seeds imbibed 
for 18 h and incubated for 30 min in 200 μΐ solution of 38 kBq [3

H]leucine 
with the addition of 10 mM unlabeled leucine. Each value is the mean of 6 
determinations ± SEM (a). In addition,from other seeds the percentage of 
germination was determined at 24 h, 30 h, and 3 days after initial imbi
bition. For each determination 100 seeds were used (b). 

with seeds from the 1979 harvest essentially the same results were obtained. 

The data presented in Fig. 5 indicate that activation of protein synthesis 

and germination capability did not run parallel during afterripening. This was 

further examined by imbibing 1 month stored and 0 month stored (D) seeds for 

72 h. After 72 h no additional germination occurred in the one month stored 

seeds. The level of protein synthesis at 72 h was determined in D seeds and in 

1 month stored seeds which had not germinated. In the axes of the 1 month stored 

seeds the rate of protein synthesis was 65% higher than in the axes of D seeds 

(Table 1). In the cotyledons this was 45%. This indicates that in the 1 month 

stored seeds which had not germinated protein synthesis had been activated ne

vertheless. 

Seeds stored for 1 month may be capable of germination, however, not enough 

to overcome the resistance of the seed coat. The growth capability of embryos 

which had been isolated from 1 month stored seeds was indeed higher. Out of 

100 isolated embryos 61 started to grow (compare with Fig. 5b). At 36 h after 
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Table 1. Protein synthesis in non-germinated embryos of seeds afterri-
pened for 1 month and of D seeds. Both types of seeds were imbibed for 
72 h. The germinated seeds were discarded. Samples of 5 embryos were 
isolated from the remaining non-germinated seeds and incubated for 30 
min in a 200 yl solution of 38 kBq [

3
H]leucine with addition of 10 mM 

unlabeled leucine. In the second experiment the embryos were isolated 
from the seeds at 6 h after imbibition. At 36 h after initial imbibition 
the grown embryos were discarded and the remaining embryos incubated in 
a 200 μΐ solution of 19 kBq [

3
H]leucine with addition of 10 mM unlabeled 

leucine. In seeds stored for 1 month no additional growth was observed 
after 72 h of intact seeds and after 36 h of isolated embryos. The seeds 
used were obtained from plants grown in 1980. Each value is the mean of 
6 determinations ± SEM. 

axes cotyledons 

(nmol-5 emb" ·30 min " ) (птоЬ5 emb" ·30 min" ; 

0 month (D) at 72 h, non-isolated 0.80 ± 0.02 2.49 ± 0.07 

1 month at 72 h, non-isolated 1.32 ± 0.05 3.58 ± 0.08 

0 month (D) at 36 h, isolated 1.51 ± 0.04 4.72 ± 0.15 

1 month at 36 h, isolated 2.04 ± 0.10 4.83 ± 0.14 

initial imbibition no additional embryos started to grow. From the remaining 

non-germinated embryos and from D embryos the level of protein synthesis at 36 

h was determined (Table 1). In the axes of embryos isolated from the 1 month 

stored seeds, protein synthesis was still 352 higher than in axes of isolated 

D embryos (p < 0.01). Thus protein synthesis was also activated in these non-

growing embryos. The higher rate of protein synthesis after isolation is in 

agreement with the results of Chapters 2 and 7. 

DISCUSSION 

PEG inoubatione 

Seeds imbibed in a high concentration of osmoticum do not germinate {e.g. Rey

nolds, 1975), because osmotic stress inhibits cell elongation. In addition, treat

ment with osmoticum may affect a number of other cellular processes (Hsiao et 

al., 1976). When osmotically treated seeds are transferred to water they recover 

and germinate more rapidly than non-treated seeds (Heydecker et al., 1973; Bods-

worth and Bewley, 1981; Georghiou et al., 1982; review: Heydecker, 1977). When 

light requiring seeds receive the light induction during the osmotic treatment 

the seeds germinate during subsequent imbibition in the dark (Kahn and Samimy, 

1982). This indicates that during the osmotic treatment seeds perform a number 
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of processes in preparation of germination before they become inhibited by the 

osmoticum. Correspondingly A Agrostemna seeds, in which germination was inhibited 

by imbibition in PEG-400, also completed a large part of the preparatory phase 

and, therefore, had a higher rate of protein synthesis than D seeds (Fig. 1). By 

imbibition in PEG the A seeds were unable to transit to the growth phase and 

probably remained in the preparatory phase. Experiments with isolated embryos 

yielded the same results (Fig. 2). Although the growth of A embryos was complete

ly restricted at 0.4 and 0.5 M they, nevertheless, had a higher rate of protein 

synthesis than D embryos. 

It was found that before germination the rate of protein synthesis in A axes 

of intact seeds of the 1980 harvest was about 80% higher than in D axes (Chapter 

7). During treatment with PEG the increase of protein synthesis was somewhat 

lower, i.e. about 60% (Fig. 1). From this it follows that apart from cell elon

gation, PEG affects also other processes which are specific for A seeds. In addi

tion, at 12 h after initial imbibition (i.e. before the onset of growth), PEG 

had a greater effect in isolated A embryos than in isolated D embryos (Fig. 2c) 

which also indicates that PEG affects other processes than cell elongation alone. 

It has been reported for several kinds of growing plant tissue that osmotic 

stress reduced protein synthesis (Hsiao, 1970; Dhindsa and Cleland, 1975a; Rhodes 

and Matsuda, 1976). Our data on D Agrostemma embryos demonstrate that osmotic 

stress also restricts protein synthesis in non-growing tissues (Fig. 2). In grow

ing A embryos the reduction of protein synthesis was larger indicating that PEG 

also inhibited protein synthesis by restricting growth. Thus in growing embryos 

a part of protein synthesis is due to growth. The large increase of protein syn

thesis immediately after germination (Chapter 7), therefore, is probably not only 

caused by greater oxygen availability but also by growth. It must be kept in mind 

though that PEG likely inhibits also other processes than growth alone (see above). 

Furthermore, the possibility cannot be ruled out that PEG acts to some part by 

reducing the solubility of oxygen in the incubation solution (Mexal et al., 1975). 

Since this reduction is small in the PEG-solutions used (Mexal et al., 1975) and 

as in our experiments the embryos were laying on filter paper wetted with the 

PEG solution, this effect is in all likelihood negligible. 

In conclusion,the data in this section indicate that after imbibition in high 

concentrations of PEG A seeds perform a number of processes in preparation of 

germination before being inhibited. Subsequently they remain in the preparatory 

phase and maintain correspondingly a higher level of protein synthesis. When 

growth is not inhibited A seeds go from the preparatory phase to the growth phase 

and the rate of protein synthesis increases because of growth. It was found pre-
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viously (Chapter 7) that these two succeeding phases have different sensitivi

ties to high temperature. The same has been reported by Come and Thévenot (1982) 

for apple embryos. In addition, they reported differences in the sensitivity to 

oxygen, light and desiccation. 

ABA гпсиЬаЫопв 

Axes of A Agrosterrma seeds exceeded the level of DNA synthesis of D axes at 

14 h after initial imbibition (Hecker, 1975). This is about halfway the prepara

tory phase (Chapter 8). DNA synthesis in axes of A seeds treated with ABA re

mained at a low level (Hecker and Maibauer, 1976). From this it may follow that 

ABA is involved in the inhibition of the preparatory phase in D embryos. A em-
-5 -4 

bryos inhibited by 10 and 10 Μ ABA, however, had a higher rate of protein 

synthesis than D embryos treated with the same concentrations ABA (Fig. 3). This 

indicates that just as in the case of PEG A embryos incubated in ABA completed 

a part of the preparatory phase before being inhibited. Then they remain in the 

preparatory phase during prolonged incubation having a correspondingly higher 

rate of protein synthesis. As in D embryos the preparatory processes are inhi

bited (Chapter 8) it is unlikely that ABA is involved in dormancy of Agrostemma 

seeds. The role of ABA in dormancy has been questioned by a number of authors 

{e.g. Walton, 1980/1981; Bewley and Black, 1982). Bex (1972), Karssen (1976), 

Schopfer et al. (1979), Galli et al. (1980) and Khan and Samimy (1982) reported 

that ABA acts on incipient axis elongation. As ABA inhibits DNA synthesis in 

Agrostemma seeds long before axis elongation,it unlikely acts on cell elongation. 

It has been reported that ABA inhibits the rate of protein synthesis in gro

wing tissues (Chen and Osborne, 1970; Bonnafous et al., 1973; Dhindsa and Cleland, 

1978b; Fountain and Bewley, 1976; Galli et al., 1982). In the aleurone layer of 

barley ABA inhibits the formation of hydrolases which are induced by GA
3
 and is 

supposed to act on both the transcriptional and the translational level (Ho and 

Varner, 1976; Mozer, 1980; Bernal-Lugo et al., 1981). In our experiments ABA 

seemed to have at least two distinct effects on protein synthesis: (1) inhibition 

of protein synthesis by restricting growth and (2) inhibition of protein synthe

sis in В embryos at high concentration of ABA (10" M). In addition, after short 

preincubation low concentrations of ABA (10" M) inhibited protein synthesis sig

nificantly (Fig. 3c). This may be a phenomenon on its own, e.g. inhibition of 

Isolation-related protein synthesis (see Chapters 2 and 7). It may also be that 

after short preincubation ABA inhibits at low concentration but that after pro

longed preincubation only high concentrations of ABA inhibit as the embryos reco

ver at low concentrations. 
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Finally, the possibility that the results are influenced by different levels 

of endogenous ABA or by different rates of catabolism of the applied ABA cannot 

be ruled out. Because ABA was applied at 6 h after initial imbibition, it may 

also be possible that the preparatory phase had proceeded too far resulting in 

a higher rate of protein synthesis in A embryos. 

CH incubationa 

Tuan and Bonner (1964) hypothesized that dormancy was caused by a repression of 

the genome though they recognized that additional causes may exist. Correspon

dingly, it was found that when protein synthesis was inhibited during the pre-

germinative phase by CH growth did not occur (Hecker and Bernhardt, 1976a; Brooker 

et αϊ., 1977). Furthermore, in a number of species D tissues are reported to 

have a lower RNA and protein synthesis than activated tissues (Tuan and Bonner, 

1964; Khan et al., 1968; Jarvis et al., 1968; Barnett et al., 1974; Yamamoto et 

al., 1975; Grubi5i£ et al., 1978; Alscher-Herman and Khan, 1980). 

The higher rate of protein synthesis in the axes of A Agrosteima seeds prior 

to germination seems to fit well with the hypothesis of Tuan and Bonner. In con

trast, however, it was also found that a higher rate of protein synthesis in 

axes of D embryos did not lead to growth: When D embryos were isolated from the 

seeds, the rate of protein synthesis in the axes exceeded the level in the axes 

of non-isolated A seeds, but notwithstanding the D embryos did not and the A em

bryos did start to grow. Moreover, in axes of A seeds imbibed at 30 С the rate 

of protein synthesis was higher than in axes of A seeds imbibed at 20 С In 

spite of this fact the seeds at 30
 0
C did not and the seeds at 20

 0
C did ger

minate (see Chapters 7 and 8). In this chapter it was examined whether a reduc

tion of protein synthesis in A Agrostemma embryos below the level of D embryos 

would lead to an inhibition of growth. This was not the case and consequently 

also these data demonstrate that the hypothesis of Tuan and Bonner does not 

hold for Agrostemna. 

Afteirñpening seeds 

Hecker et al. (1977c) reported that during afterripening of Agrostemma githago 
seeds the DNA synthesis in the radicles of imbibed seeds increased more rapidly 

than the capability to germination. It was shown in this chapter that the capa

bility to germination and the increased rate of protein synthesis in axes prior 

to germination also did not run parallel during afterripening. This was especially 

clear from the results with seeds stored for 1 month (Fig. 5). In addition, 

axes from seeds stored for 1 month which had no germination capability showed a 
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65X higher rate of protein synthesis at 72 h after initial imbibition than D axes 

(Table 1). This demonstrates that seeds afterripened for 1 month probably comple

ted a part of the preparatory phase which was, however, not sufficient to cause 

germination. 

Conctusions 

In this chapter several aspects of the relation between germination and protein 

synthesis were examined. After incubation of seeds or embryos in PEG-400 and ABA 

it was found that A embryos completed a number of processes in preparation of 

germination but were unable to enter the growth phase. Remaining in the prepa

ratory phase the A embryos had a corresponding higher rate of protein synthesis 

compared with D embryos. Incubations of A embryos in CH showed that a reduction 

of the level of protein synthesis below the level of D embryos did not inhibit 

growth. In contrast, it was also shown that seeds which were incompletely after-

ripened had a far higher rate of protein synthesis than would be expected on 

basis of their germination capability. Thus, although protein synthesis and the 

processes in preparation of germination are related there is not a close corres

pondence. In Chapter 10 it will be shown that the increase of protein synthesis 

in A axes is a general increase and not due to the synthesis of specific proteins. 
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CHAPTER 10 

PROTEIN SYNTHESIS IN DORMANT AND AFTERRIPENED AGROSTEMMA GITHAGO 
L. SEEDS. 2. QUALITATIVE ANALYSIS 

ABSTRACT 

The kinds of proteins synthesized in embryos of dormant and afterripened Agros-
temma seeds were fractionated by electrophoresis. The differences of the electro
phoresis patterns of afterripened and dormant embryos were evaluated statistical
ly. At 8 and 16 h after initial imbibition the patterns of dormant and afterri
pened axes were not significantly different which demonstrates that the two fold 
increase of protein synthesis in afterripened axes prior to germination (Chapter 
7) was due to a general activation of the protein synthesizing machinery. The 
patterns of cotyledons were also not significantly different. At 24 h (i.e. just 
prior to or together with the start of axis elongation) the patterns of newly 
synthesized proteins in dormant and afterripened axes and cotyledons were sig
nificantly different. The differences increased with longer imbibition times. 

The synthesis of a specific band ceased at 6 h before germination in A axes 
and after germination in A cotyledons. In D axes and cotyledons its synthesis 
continued. At 24 h in D cotyledons another specific protein started to be syn
thesized abundantly. In addition, during prolonged imbibition the patterns of 
newly synthesized proteins of D axes and cotyledons showed more differences. 

INTRODUCTION 

A number of workers examined changes in the populations of mRNAs and newly syn

thesized proteins during the imbibition and germination of seeds. Most of these 

studies dealt with long-lived mRNA. It has been reported for wheat embryos that 

the species of mRNA and newly synthesized proteins remained largely the same up 

to 5 h after initial imbibition (Brooker et al., 1978; Caers et al., 1979; Cuming 

and Lane, 1979). The changes which did occur during the first 5 hours could be 

prevented by a-amanitin, a poison which inhibits the activity of polymerase II 

and consequently these changes were due to newly synthesized mRNA (Thompson and 

Lane, 1980). After 5 h imbibition the isolated wheat embryos had started to grow 

and the populations of mRNAs and newly synthesized proteins changed considerably 

(Brooker et al., 1978; Cuming and Lane, 1979). Similar observations have been 

made for common bean (Gillard and Walton, 1973), barley (Trewavas, 1979), cotton 

(Dure et al., 1981; Galau and Dure, 1981), mung bean (Carlier et al., 1980), rape 

seed (Payne et al., 1977), chick pea (Matilla et al., 1982), and castor bean (Mar

tin and Northcote, 1981). During early imbibition of mung bean (Carlier et al., 
1980), castor bean (Martin and Northcote, 1981) and wheat (Grzelczak et al., 1982) 
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the rapid decline of one specific abundant mRNA was observed. In the case of 

wheat this mRNA likely coded for agglutinin, a lectin which is specifically syn

thesized in ripening embryos (Grzelczak et al., 1982; Peumans et al., 1982). Ag

glutinin was also synthesized in vivo in wheat and rye during the early hours of 
imbibition (Peumans et al., 1982). The same was found for the storage protein 

vicilin in germinating kidney beans (Bollini and Chrispeels, 1980). Probably, 

this kind of mRNA escaped destruction during the final phase of maturation. 

No painstaking analysis has as yet been made of the changes in the population of 

newly synthesized proteins during the period prior to axis elongation. 

Although the presence of long-lived mRNA has been convincingly demonstrated 

its role remains unclear (see for a recent review Delseny et al., 1980/1981). 

This is in part due to the limits of the experimental procedures applied (compare 

with the studies in sea urchin eggs, e.g. Lau and Lennarz, 1983; Moon et al., 
1982). In addition, two comments have to be made. Firstly, the life history of 

the seeds being used is in most cases not known. Harvesting of non-desiccated 

seeds or short hydration of desiccated seeds followed by dehydration, for exam

ple, may lead to erroneous interpretations. Secondly, as gene expression is re

gulated extensively by post-transcriptional processing and/or selecting of mRNA 

species (Kamalay and Goldberg, 1980) only the polysomal mRNAs should be deter

mined and not the total poly(A) RNA fraction. 

Hecker and Bernhardt (1976a) compared the patterns of proteins synthesized 

prior to germination in dormant (D) and afterripened (A) embryos of Agroatemma 
githago. Again the differences were only small. The same was found by Hecker and 

Köhler (1979) in D and A Vaaoaria pyramidata embryos. The differences between 

newly synthesized proteins and mRNAs in untreated and GA,-treated growing axes 

of dormant hazel seeds were also minor (Shannon et al., 1981). 

In Chapters 7 and 8 it was shown that in axes of A Agrostemma seeds the rate 
of protein synthesis exceeded the rate in D axes about two fold prior to axis 

elongation. In this chapter it was examined to what extent the populations of 

newly synthesized proteins in axes of D and A seeds differ from one another prior 

to germination. In contrast with the study of Hecker and Bernhardt (1976a) axes 

and cotyledons were separately investigated. 

MATERIALS AND METHODS 

Plant material 
Seeds of Agroetermu githago L. (Provenance Gatersleben, GDR) were cultivated in 
the Botanical Garden of the University of Nijmegen in 1977 and 1980. After har
vest the air-dry seeds were stored at -20 0C (D seeds) or at room temperature 
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for 1 year and then at -20 oc (A seeds) (Hübe!, 1966). The source of the seeds 
used is indicated in each experiment. 

Experimental procedures 
Incubations, extraction of proteins, isoelectric focusing (IEF), SDS-electropho-
resis and autoradiography were carried out as described in Chapter 2. The deter
mination of the distribution of 3H- and 14C-labeled proteins on the gels was 
carried out as described in Chapter 3. The statistical analysis of the difference 
in distribution on the gel of 3H-labeled and ̂ C-labeled proteins will be des
cribed in Chapter 12. 

Radioactive materials 
[35S]methionine (25.6 TBq mmol-1), [3H]amino acid mixture (79 GBq mmol - 1), 
[14C]aniino acid mixture (2.2 GBq mat C - 1 ) , [l-^cjleucine (2.2 GBq mmol-l) 
and [4,5-3H]leucine (2.5 TBq mmol-1) were purchased from the Radiochemical 
Centre, Amersham, UK. 

RESULTS 
3 14 

Labeling with [ H]- and [ C]amino acid mixtures 
Embryos were isolated from A and D seeds at 12 h, 24 h, and 48 h after initial 

14 3 imbibition. A and D embryos were fed with a [ C]- and a [ H]amino acid mixture 
respectively. After incubation axes and cotyledons were separated and for each 

time the corresponding parts of A and D embryos were homogenized together and 

analysed by IEF. At 12 h the IEF patterns of labeled proteins in axes and coty

ledons were largely the same (Fig. la,b). 

At 24 h the patterns of the cotyledons were nearly identical. It must be noted 

though that one compound, indicated by arrow 2, was somewhat more synthesized in 

D cotyledons (Fig. 1c). At 24 h the IEF patterns of A and D axes differed consi

derably (Fig. Id). In particular the synthesis of a band, indicated by arrow 1, 

was less in A axes. At 12 h this band was synthesized in A axes and cotyledons 

and at 24 h it was still synthesized in A cotyledons. The total difference be-
3 14 

tween the patterns of Η-labeled and C-labeled proteins was evaluated statis

tically by calculating the DC. This method will be described in detail in Chapter 
3 14 

12. In short, the H/ С ratio is determined from all slices of one lane. The 
DC is the standard deviation of the mean of In (

3
H/

1 4
C). Since the

 3
H/

1 4
C ratios 

from the slices of one lane differ more from one another when the patterns of 

3 14 

Η-labeled and C-labeled proteins differ more, the standard deviation of the 
3 14 

mean of In ( H/ C) is then also higher. The DC of axes at 24 h differed signi
ficantly from the DC of axes at 12 h (ρ < 0.01; Table 1). 

At 48 h the patterns of newly synthesized proteins extracted from A and D 

cotyledons differed also considerably (Fig. If). In A cotyledons the synthesis 

of band I was inhibited. In addition, in D cotyledons one protein, indicated by 
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Figure 1. IEF pattern of ^Η-labeled and ^C-labeled proteins of A and 
D axes and cotyledons after incubation in a [Зщатіпо acid mixture (D 
embryos) or a [^C]amino acid mixture (A embryos). Incubations were 
performed for 2 h with samples of 5 embryos in 760 kBq [Зщатіпо acid 
mixture or 190 kBq [

14
C]amino acid mixture at 12, 24, or 48 h after 

initial imbibition. For 24 h only non-germinated seeds were selected. 
After incubation axes and cotyledons were separated and the corres
ponding A and D parts were homogenized together and electrophoresed. 
For

 3
H-labeled and ^C-labeled proteins 50,000-75,000 cpm and 10,000-

20,000 cpm were added respectively. 
used. D:o o; A: · ·. 

Seeds of the 1977 harvest were 
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Table 1. Difference coefficients (DCs) evaluating the difference in dis
tribution of

 3
H-labeled and ^c-iabeied proteins fractionated on the same 

gel. The DCs were calculated from the electrophoresis patterns shown in 
Figs. 1 and 5. In addition, for the D-Α comparison the results of a re
plicate experiment are also given. In this experiment A embryos were fed 
with a [

3
H]- and D embryos with a [^Clamino acid mixture. The F values 

were calculated relative to the DC of D and A axes and cotyledons at 12 
h. For an explanation of DC see Chapter 12. 

12 h: D • 

24 h: D • 

48 h: D • 

D: 24 h • 

A: 24 h · 

• A 

• A 

- A 

- 48 

- 48 

h 

h 

1
s t
 exp. 

0.14 

0.20 

0.41 

0.13 

0.22 

axes 

, 2
n d
 exp. 

0.13 

0.22 

0.41 

_ 

-

FD 

2.42** 

9.22*** 

_ 

2.66** 

cc 

1
s t
 exp. 

0.14 

0.16 

0.31 

0.21 

0.29 

ityledons 

2
n d
 exp. 

0.15 

0.18 

0.32 

_ 

-

FD 

1.37 
*** 

4.72 

2.10* 

4.00*** 

'relative to 12 h, F32 32 estimated degrees of freedom 

;
p<0.05,

 ;
p<0.01,

 ;
ρ<0·001 

arrow 2. was synthesized in large amounts. The DC of cotyledons at 48 h differed 

significantly from the DCs at 12 and 24 h (ρ < 0.001; Table 1). At 48 h the pat

terns of A and D axes were also very different (Fig. le). The DC differed signi

ficantly from the DC at 12 h (ρ < 0.001). In A axes band I was not synthesized. 

In D axes band 2 was synthesized in less high amounts than in D cotyledons. Fur-

thermore, in A axes the synthesis of acidic proteins was higher. 
14 

A replicate experiment in which D embryos were fed with [ Clamino acids and 
3 

A embryos with [ H]amino acids yielded essentially the same results. 

Labeling with [ S]methion-ine 

At various times after initial imbibition embryos were isolated from A and D 
35 

seeds and incubated in [ SJmethionine. Extracts of cotyledons and axes were 

electrophoresed and with the gels autoradiography was performed (Fig. 2). The 

synthesis of band 1 had stopped at 24 h in the axes and at 48 h in the cotyle-
35 

dons of A embryos. The labeling of band 2 with [ Slmethionine appeared to be 

low. In axes and cotyledons of 48 h imbibed seeds also some new bands were syn

thesized. 

The time at which the synthesis of band 1 ceased was determined by incubating 
35 

embryos in [ Slmethionine at 9, 12, 15, and 18 h after initial imbibition. At 

18 h the synthesis of band 1 had virtually ceased (Fig. 3). This is long before 

127 



pH 3,5 

аШМШмШк ^-^- mm: ттяЕШв. mm· -тт. * • · » » *т .-.-ШМ 
αχ col αχ cot αχ cot αχ cot αχ cot αχ cot 

2 ' D12hr A12hr D24hr A24hr D48hr A 4 8 h r © 
PH9.5 

pH3,5 

pH 9,5 

/шр<. ^щ'-- -щШ'-

© 18 15 12 9 hrs after start 
of imbibition 

1 — 

V 

Θ ax cot ax cot 

D10o48hr D20 0 24hr 



the start of axis elongation. The synthesis of band 1 also stopped in the axes 

of D seeds when dormancy was broken by imbibition at 10 С (Fig. 4). This demon

strates that the stop of synthesis of band 1 was related with the preparation 

for germination and not with the afterripened state. 

3 14 

Labeling with [ Я]- and [ Cileuoine 

The total differences between the patterns of D and A axes and cotyledons as 

determined by the DC, were examined in more detail. D and A embryos were isolated 

from seeds at various times after initial imbibition and incubated in [ H]leucine 

14 

and [ C]leucine respectively. After incubation cotyledons and axes were separa

ted. The appropriate parts were homogenized, mixed and subjected to SDS-electro-

phoresis. In addition, also a control experiment was performed in which A or D 
embryos were isolated from 16 h imbibed seeds whereafter sets of A and D embryos 

3 14 

were incubated in [ H]leucine and other sets in [ Clleucine. The corresponding 
3 14 

parts of H- and C-labeled embryos were electrophoresed together. At 8 and 16 

h the DCs of theaxes were somewhat higher than the control but not significant

ly (Table 2). The same holds for the cotyledons. In embryos isolated just prior 

to germination the DCs differed significantly, both in the axes (p<0.01) and 

in the cotyledons (p < 0.05). It must be kept in mind though that the labeling 

time was long (2 h) and that most of the embryos started to grow during the in

cubation (see Chapter 7, Fig. lb). At 27 h.when only germinated seeds were se

lected, the DC did not increase relatively to the DC at 24 h. At 48 h and 72 h 

Figure 2. Fractionation by IEF of extracts of axes and cotyledons of 
A and D embryos which were isolated at 12 h, 24 h, or 48 h after ini
tial imbibition and incubated for 2 h in 760 kBq [-"Slmethionine. 
For the 24 h incubation non-germinated A seeds were selected. For 
each sample about 200 ug protein was added to the gel. Exposure time 
was 2 weeks. Seeds of the 1977 harvest were used. 

Figure 3. Fractionation by IEF of extracts of axes of A embryos which 
were isolated at 9, 12, 15, and 18 h after initial imbibition and 
incubated for 2 h in 760 kBq [

35
S]methionine. For each sample about 

200 yg protein was added to the gel. Exposure time was 2 weeks. Seeds 
of the 1977 harvest were used. 

Figure 4. Fractionation by IEF of extracts of axes and cotyledons of 
D embryos which were isolated from seeds imbibed either for 48 h at 
10 oc or 24 h at 20

 0
C. Incubations were performed for 4 h at 10

 0
C 

and 2 h at 20
 0
C with samples of 5 embryos in 760 kBq [

35
S]methionine. 

For each sample about 200 ug protein was added. Seeds of the 1977 
harvest were used. Exposure time was 2 weeks. 
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Table 2. Difference coefficients evaluating the difference in distribu
tion of Зн-labeled and ̂ C-labeled proteins fractionated on the same 
gel. Samples of 10 embryos were isolated from A and D seeds at 8 h, 16 
h, 24 h, 27 h, 48 h, and 72 h after initial imbibition respectively and 
incubated for 2 h in 377 kBq [^dleucine (A embryos) or 1.89 MBq [

3
H]-

leucine (D embryos). For the 24 h measurement non-germinated A embryos 
were selected and for the 27 h germinated A embryos. After incubation 
cotyledons and axes were separated, homogenized and appropriate aliquots 
of corresponding D and A parts were mixed. SDS-PAGE

+
 was performed on a 

9% gel. To each lane 50,000 cpm
3
H-labeled and 10,000 cpm

 14
C-labeled 

proteins were added. After separation the lanes were cut into 2 mm sli
ces. Each lane yielded 75 slices. As a control samples of 10 A and 10 
D embryos isolated from 16 h imbibed seeds were incubated in 377 kBq 
[l^Clleucine and other samples of 10 embryos in 1.89 MBq [Зн]1еисіпе. 
From A and D embryos homogenates of corresponding

 3
H- and l^c-label ed 

parts were mixed and electrophoresed. From each lane the DC was deter
mined (see for an explanation of DC the text and Chapter 12). DCs were 
compared in a F-test. The degrees of freedom of each determination were 
estimated conservatively to be 37 instead of 74. Seeds of the 1980 har
vest were used. 
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1) F37 37 estimated degrees of freedom 

>p<0.05, ; p < 0 . 0 1 , ^p<o, 001 

the DCs continued to increase. 

Differences between patterns of 24 h and 48 h іфгЬеа. seeds 

Since D embryos maintain a constant 'basal' level of protein synthesis after the 

initial increase, it seems likely that the species of proteins synthesized will 
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Figure 5. IEP pattern of 3H- and 14C-labeled proteins of A and D axes 
and cotyledons after incubation in a [3H]amino acid mixture at 48 h or 
a [14C]amino acid mixture at 24 h. Samples of 5 embryos were isolated 
from D and A seeds at 24 h or 48 h and incubated for 2 h in 760 kBq 
[3H]amino acid mixture (48 h) or 150 kBq [14C]amino acid mixture (24 
h). After incubation cotyledons and axes were separated and the cor
responding 3H- and 14Ç-labeled parts were homogenized together and 
electrophoresed. For 3H- and 14C-labeled proteins 55,000-90,000 cpm 
and 15,000-20,000 cpm were added respectively. Seeds of the 1977 har
vest were used. 24 h: · 1; 48 h: о о. 

not alter during prolonged imbibition (Chapter 7). From Fig. 1, however, it be

comes clear that this is not the case and that in D entryos the synthesis of one 

protein band, indicated by arrow 2, increased dramatically during prolonged im

bibition. This was examined in more detail by incubating embryos isolated at 24 

h or at 48 h after initial imbibition in [ H]-or [Clamino acids respectively. 

The pattern of D axes after 48 h showed several small alterations as compared 

to 24 h. Differences which are also found in D cotyledons are indicated by ar

rows (Fig. 5a). As the DC shows, the general pattern in the axes only changed 

little (Table 1). The changes in D cotyledons were larger (Table 1) and the DC 
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differed significantly from the DC of D and A cotyledons at 12 h. This was main

ly due to the synthesis of the proteins indicated by arrow 2 (Fig. 5b). As expec

ted in A axes and cotyledons also considerable changes were observed (Table 1; 

Fig. 5c,d). 

DISCUSSION 

The concentrations of most abundant and less abundant mRNAs differ between tis

sues and within tissues during development (Davidson and Britten, 1979). In 

plants this was demonstrated in adult tobacco plants: Only a minor fraction of 

leaf mRNA species (25-30%) was also present in the polysomes of other organs 

(stem, root, petal, ovary, and anther) (Kamalay and Goldberg, 1980). In plant 

embryos and young seedlings these differences are, however, small. In four days 

etiolated pea seedlings, for example, the various organs had similar populations 

of abundant and less abundant mRNAs (de Vries et dl., 1982, 1983). After treat

ment of soybean hypocotyls with auxin specific changes were found in the pat

terns obtained from in vitro translation of extracted poly(A) RNA but the bulk 

of products remained the same (Baulcombe et al., 1980; Zurfluh and Guilfoyle, 

1982). Treatment of barley aleurone layers with GA3 or ABA also resulted in 

small differences only (Mozer , 1980) . In ripening soybean and cotton 

embryos a sharp decline of a few very abundant mRNAs coding for storage proteins 

was found during desiccation. However, the largest set of mRNAs was present 

throughout ripening (Dure et al., 1981; Galau and Dure, 1981; Goldberg et al., 
1981a). 

To date no painstaking analyses have been made of the changes in the popu

lations of newly synthesized proteins in imbibing seeds prior to axis elongation. 

The data presented thus far indicate that these changes are minor and that the 

changes which do occur are caused by the disappearance of long-lived mRNA which 

is likely a residue from mRNA characteristic for the ripening phase (see Intro

duction for references). The presence of long-lived mRNA was also demonstrated 

in Agrostemma seeds. It was translated in vivo in both D and A embryos (Hecker 

and Bernhardt, 1976a; Hecker et al., 1977a,b). As long-lived mRNA is likely 

translated also beyond the first 6 h of imbibition (Hecker et al., 1982), it 

must have played a role in the experiments described in this chapter. 

At 4 h after initial imbibition D seeds are inhibited but A seeds proceed with 

the processes in preparation for germination (Chapter 8). From 12 h up to ger

mination at 24 h - 27 h the level of protein synthesis in A axes is about twice 

as high as in D axes (Chapter 7). The data presented in Fig, 1 and in Tables 1 
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and 2 demonstrate that initially the increase in protein synthesis of A axes re

presents a general increase and is not due to the extra synthesis of specific 

sets of proteins. Just prior to germination though and concurrent with axis 

growth the kinds of newly synthesized proteins in A and D axes become different 

as is demonstrated by the high DC at 24 h and 27 h. It must be remembered, how

ever, that the DC at 24 h was measured by incubating embryos from 24 to 26 h and 

that during this time the embryos had started to grow somewhat. Interestingly, 

at 24 h the DC of the cotyledons was also significantly different from the con

trol. After 27 h the DC increased considerably. This is in agreement with the 

data of other authors (see Introduction for references). 

In A axes the synthesis of one specific band (indicated by arrow 1) was stop

ped at about 6 h prior to axis elongation. In the A cotyledons its synthesis 

ceased later. Furthermore, one specific band, indicated by arrow 2, was being 

synthesized abundantly in D embryos only, starting at about 24 h after initial 

imbibition. Because of the late stages at which these differences became appa

rent it is unlikely that they play a primary role in the regulation of dormancy 

and germination. In addition, it was found that band 1 was not degraded speci

fically and remained present in the growing axes (Chapter 12). Nevertheless, it 

is tempting to speculate that these proteins play a role in the regulation of 

growth. It is of interest to note that it has been suggested that specific newly 

synthesized proteins are involved in the action of ABA (Mozer, 1980). In agreement 

herewith. Dure et al. (1981) reported that in cotton a specific set of proteins 

was synthesized during the late ripening and the early imbibition phase only and 

that the synthesis of these proteins stopped with germination. These proteins 

were also synthesized in cotton embryos excised from seeds of an early ripening 

stage and treated with ABA. 
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CHAPTER 11 

DEGRADATION OF EARLY SYNTHESIZED PROTEINS IN DORMANT AND 

AFTERRIPENED AGROSTEMMA GITHAGO L. EMBRYOS 

1. QUANTITATIVE ANALYSIS 

ABSTRACT 

During early imbibition proteins are synthesized and subsequently degraded in 
both dormant and afterripened Agrosterma githago embryos. The degradation of 
early synthesized proteins labeled with [^C]leucine was determined in a chase 
with addition of 10 mM cold leucine. The actual degradation rate was estimated 
by correcting for incorporation of label during the chase. Degradation was higher 
during the first period of chase, in the axes, and in afterripened embryos. 
During a chase without addition of cold leucine, labeled leucine released from 
protein was reincorporated almost completely in dormant embryos and to a large 
extent in afterripened embryos. 

Transport of leucine from the cotyledons to the axes only occurred in after
ripened embryos. Leucine transported from the cotyledons entered other parts of 
the axes than did leucine applied exogenously to the axes. 

[14C]leucine applied in a pulse was catabolized in a very small amount during 
a subsequent chase. In the non-protein fraction a large proportion of the t^4C]-
leucine was bound to other compounds (up to 80%). 

INTRODUCTION 

When early synthesized proteins are involved in the control of dormancy and 

germination, it is not only their synthesis that should be considered, but also 

their processing and degradation. However, there is at present no information 

about the degradation of early synthesized proteins during germination. This 

prompted me to examine the degradation of early synthesized proteins in imbibed 

D and A Agrosterma embryos. For this purpose, both qualitative (Chapter 12) and 

quantitative (this Chapter) methods were employed. 

In order to determine the rate of degradation of early synthesized proteins 

embryos were isolated from seeds after 6 h imbibition and pulsed with labeled 

leucine. During a subsequent chase, the loss of label from the protein fraction 

was determined. This method has, however, some apparent limitations: Conversion 

of applied labeled amino acid to other protein precursors and (re)incorporati on 

of label during the chase may lead to erroneous estimations of actual degradation. 
3 3 

Pul se-label ing with [ H]water and determination of the C-2 H content of proteins 
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during a subsequent chase overcomes these problems (Humphrey and Davies, 1976). 
3 

Because of long labeling times and difficult removal of [ H]water after the 

pulse, this method is not suitable for the study of protein degradation in ger-
3 

minating seeds. In addition, after the pulse with [ HJwater, the labeling of 

proteins is so low that no analysis can be made with electrophoresis. 
14 

In this Chapter, pulse-chase experiments were performed with [ C]leucine. 

The loss of label from protein, re-use of released label for protein synthesis, 

transfer of label to other compounds, and transport of label within the embryos 

were examined. 

MATERIALS AND METHODS 

Plant material and determination of TCA-insoluble and TCA-soluble label 
Plant material and determination of the TCA-insoluble and the TCA-soluble label 
were as described in Chapter 2. 

Ineubation and chase procedures 
Samples of 5 embryos isolated from 6 h imbibed seeds were incubated at 20 С 
for Ц h in 200 μΐ of 10 mM KCl, 1 mM СаСІг, and 50 yg ml"! chloramphenicol 
(Bernhardt et al., 1978), to which [^cjleucine or [3H]leucine was added. To 
make the relative amount of unincorporated label small, the embryos were trans
ferred for another 1J h to medium without labeled leucine. After this 3 h pulse, 
the chase was performed in the dark at 20 °C in petri dishes on filter paper 
moistened with the KCl-CaCl2-chloramphenicol solution with or without addition 
of 10 mM unlabeled leucine. Every 24th hour after the start of initial imbibition 
the embryos were transferred to fresh medium. 

Incorporation during the 10 mM oold leucine chase 
For the chase with addition of 10 mM cold leucine the incorporation of l^C-label 
in protein was estimated during 3 successive periods of chase (9-24 h, 24-48 h, 
and 48-72 h after the start of imbibition). In an experiment parallel to the 
pulse-chase experiment with [l^cjleucine, a 10 min pulse with [^Hlleucine was 
given at the beginning of each period. At the end of the 10 min pulse 99% of the 
[ЗнЛеисіпе in the tissue was in the free amino acid pool. At the end of each 
period, the amount of [

3
H]leucine incorporated into protein was determined. It 

was assumed that the [l
4
C]leucine (applied during the 3 h pulse 6 h after initial 

imbibition) present in the free pool and [^Hlleucine (applied in the 10 min 
pulse at the beginning of each period) were incorporated to the same degree: 

ine
 1 4
C
 =

 ine Зн 

mean
 1 4
C in free pool mean

 3
H in free pool 

where "ine Зн" and "ine 14C" are the amount of radioactivity (cpm) incorporated 
in protein. The equivalent of this equation for the first period is: 

ine
 1 4
C
 =

 ine Зн 

H free 1
4
C, 9h + free 1

4
C, 24h) i(free

 3
H, 9h + free

 3
H, 24h) 

where "free
 1 4

C, 9h" is [
14
C]leucine in the free amino acid oool 9 h after 

initial imbibition, etc. Since "free Зн, 24 h" equals "free Зн, 9h - ine Зн", 
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ine 14c =
 1
'
nc% H

 , (free
 1 4

C, 9h + free
 1 4

C , 24h) 
200 - inc%

 3
H 

where "inct ^H" i s the percent of
 3
H-label incorporated from 9 to 24 h of total 

[3H]leucine taken up. 

Catabolism of [^^C]leua-ine 
Samples of 10 axes or 10 cotyledon pairs were homogenized in 4 ml 80% ethanol. 
The homogenate was centrifuged for 20 min at 1500gr. The pellet was washed 2 
times with 7 ml 80% ethanol. One half of the supernatant and the pellet were 
hydrolysed overnight in 6 N HCl at 120

 0
C under N3. The supernatant, the hydro-

lysed supernatant, and the hydrolysed pellet were analysed by thin layer chro
matography on cellulose plates in n-butanol : acetic acid : water ( 3 : 1 : 1 , 
v/v/v). After visualizing with ninhydrin, the leucine band and the rest of each 
fraction were both scraped from the plates. The cellulose powder was extracted 
with 0.5 ml 0.05% TCA overnight. After addition of 3.5 ml Aqua Luma, the sample 
was counted. 

1 4
C02 was trapped in 200 μΐ 20% Κ0Η in a small vial with a piece of filter 

paper. To determine the amount of radioactivity, the К0Н solution was diluted 
to 5 ml with water. To 0.5 ml 3.5 ml Aqua Luma was added. 

Radioactive materials 
[l-14C]leucine (2.19 GBq mmol

- 1
) and [4,5-

3
H]leucine (3.89 TBq mmol-1) were 

purchased from the Radiochemical Centre, Amersham, UK. 

RESULTS 

Coneentration of unlabeled leucine during the chase 

Samples of 5 embryos, isolated after 6 h imbibition and pulse-labeled for 3 h, 

were transferred to media with increasing concentrations of cold leucine. At the 

beginning of the chase incorporated label as a percent of total label was about 

90% in D and 80% in A embryos. After a 63 h chase (72 h after initial imbibition) 

the amount of labeled proteins was determined as a percent of labeled protein at 

the beginning of the chase (Fig. 1). At 10 mM leucine the incorporation of label 

during the chase was inhibited optimally. 

The effect of 10 mM unlabeled leucine on the growth of isolated A embryos was 

also examined. During the first period of the chase (from 9 to 24 h after the 

start of imbibition) growth was inhibited 30%. After the 63 h chase, however, no 

inhibition could be observed: The weight increase during the chase was 135 ± 5 

mg-5 embryos" or 133 ± 2 mg-S embryos"^ with or without addition of 10 mM leuci

ne (the mean of 4 samples ± SEM). 

Loss of radioactivity from proteins during the chase 

When D embryos were pulse-labeled and subsequently chased without cold leucine, 

no loss of label from proteins was observed in either axes or cotyledons (Fig. 2). 
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Figure 1. Effect of increasing concentrations of cold leucine on the loss 
of radioactivity from proteins during a 63 h chase. Samples of 5 embryos, 
isolated after б h imbibition, were pulse-labeled for 3 h in 7.5 kBq 
[14c]leucine and then transferred to media with increasing concentrations 
of cold leucine. After a 63 h chase, [l^Clprotein content was determined 
as a percent of [^C]protei η at the beginning of the chase. Each point is 
the mean of 3 samples ± SEM. D: о о; A: · ·. 

Instead, there was a small initial increase because of incorporation of label 

taken up but not incorporated during the pulse. When 10 mM unlabeled leucine 

was added, the loss of label from the proteins was considerable. 

In A cotyledons chased without cold leucine, there was also an initial in

crease, followed by a small, but significant decrease (p < 0.05 in Student's t 
test). In A axes no decrease was found after the initial increase. When cold 

leucine was added, there was again a high loss of label from proteins in A coty

ledons. In the axes, however, there was still an initial increase followed by a 

high loss. The initial increase indicates that the inhibition of incorporation 

of label during the chase was not effective. 

In D embryos no transport of label from the cotyledons to the axes was ob

served (Fig. 3). In A embryos label in the axes as a percent of the label in the 

embryo increased from 12.8% to 17.2% without and to 27.9% with addition of cold 

leucine during the 63 h chase. 

in protein Г/.) 

. &/Ы-=~^ъ 

^ 

v. • и 

I // I I I 
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h after start of imbibition 

Figure 2. Loss of label from proteins during a chase withor without addi
tion of 10 mM unlabeled leucine. Samples of 5 embryos, isolated after 6 h 
imbibition, were pulse-labeled for 3 h in 7.5 kBq [l

4
C]leucine. During a 

subsequent chase with or without addition of 10 mM unlabeled leucine (in
dicated by + or -H^ciprotein content was determined in the axes (a) and 
the cotyledons (b) as a percent of [^c]protein at the beginning of the 
chase. Each point is the mean of 6 samples ± SEM. D: о о; A: · ·. 

Catabolism of [•'•^Cileua-ine 

Many authors report a rapid loss of radioactivity from leucine in the non-protein 

fraction after pulse-labeling with [l
4
C]-or [

3
H]leucine (e.g. Kemp and Sutton, 

1971). Transfer of label to other compounds might influence the efficiency of 

the cold leucine chase. Therefore, the label in leucine was determined as a per

cent of the total label up to 63 h of chase with and without addition of unlabe

led leucine (Table 1). 

In the 80% ethanol supernatant only a small portion of label was present as 

leucine when embryos were chased without cold leucine. After hydrolysis, however, 

the amount of [^C]leucine increased up to 80-90%. This indicates that in the 

non-protein fraction a large part of the label was [^C]leucine bound to other 

compounds. The percent of bound leucine in the non-protein fraction was lower 

when cold leucine was added (Table 1). The absolute amount was about 2 times 

lower (data not shown). Apart from somewhat lower percentages in the supernatants 
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Figure 3. The transport of label from the cotyledons to the axes during 
the chase. Experimental conditions as in Fig. 2. During the chase the 
amount of label in the axes was determined as a percent of label in the 
total embryo. Each point is the mean of 6 samples ± SEM. D: о о; 

A: · ·. 

of embryos chased without addition of cold leucine and in the protein fraction 

of A axes chased with cold leucine, about 95% of the total label in all samples 

was [1
4
C]leucine. 

It was also examined how much of the label diffused out of the embryos in the 

chase medium and how much was released as ̂ С і^ (Table 2). Both values were low. 

The production of ̂ COg was higher in growing A embryos. Diffusion was higher in 

D embryos. A portion of the diffused label was protein. This is reported also 

for other species, e.g. for soybeans (Hwang et al., 1978). 

Inoorporation of label during the cold leucine abase 

The inhibition of incorporation of label by 10 mM cold leucine during the chase 

was strong, but was likely incomplete. The efficiency of inhibition was estima

ted by giving a short pulse with [^H]leucine at the beginning of each of the 3 

successive chase periods (See Materialsand Methods section). The incorporation 

of [^HJleucine during each period is shown in Table 3 as a percent of label taken 

up. Incorporation was higher during the first periods, in the axes and in A em

bryos. With these data the amounts of [^C] protei η synthesized during the pulse-

chase experiment shown in Fig. 2 were estimated according to the formula given 
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Table 1. Catabolism of [l4
C]leucine during pulse-chase. Samples of 10 

embryos, isolated after 6 h inhibition, were pulse-labeled for 3 h in 
113 kBq [l^cjleucine. During a subsequent chase with or without addition 
of 10 mM unlabeled leucine [14c]leucine content was determined as a per
cent of total label in the 80% ethanol supernatant, the hydrolysed 80% 
ethanol supernatant, the proteins, and the total homogenate. 

D 

D 

A 

A 

axes 

cot. 

axes 

cot. 

9h 

24h 

48h 

72h 

9h 

24h 

48h 

72h 

9h 

24h 

48h 

72h 

9h 

24h 

48h 

72h 

without cold 

sup. 

63.1 

24.1 

24.3 

15.4 

62.6 

24.0 

16.0 

14.4 

64.0 

38.4 

73.3 

67.8 

70.8 

24.7 

47.8 

41.9 

sup. 
hydr. 

90.5 

84.3 

81.9 

80.5 

91.5 

85.1 

84.3 

83.2 

81.8 

75.5 

84.5 

83.4 

88.8 

84.3 

82.6 

81.7 

leucine 

prot. 

97.9 

97.7 

95.4 

95.5 

97.6 

97.6 

96.4 

96.8 

95.4 

96.9 

95.6 

94.1 

97.0 

97.9 

95.5 

96.2 

tot. 

96.9 

96.6 

94.2 

94.3 

96.7 

96.9 

95.6 

95.9 

93.8 

95.3 

93.7 

91.9 

95.3 

97.4 

94.6 

94.8 

with 

sup. 

88.8 

93.6 

91.3 

90.6 

91.4 

93.1 

93.3 

97.4 

97.3 

93.1 

91.6 

89.9 

cold leucine 

sup. 
hydr. 

96.8 

97.4 

97.4 

97.7 

97.9 

98.5 

96.8 

98.3 

98.3 

97.8 

98.3 

98.0 

prot. 

95.5 

95.1 

93.7 

96.1 

96.7 

97.8 

96.1 

94.4 

89.2 

96.9 

96.8 

93.1 

tot. 

95.9 

96.0 

95.4 

96.6 

97.2 

98.1 

96.3 

96.6 

95.1 

97.1 

97.3 

94.7 

in the Material and Methods section. [^Ciprotein synthesized during the chase 

is shown in Table 4 as a percent of total [^Clprotein for each period. For this 

estimation several assumptions were made. It was supposed that un-incorporated 

[l^CJ-and [Зщіеисіпе were equally distributed over embryo tissues and cell com

partments. This assumption is reasonable because both applied leucine and leucine 

released from proteins are rapidly incorporated into proteins. Furthermore, it is 

reported that leucine compartmentation is low (Kemp and Sutton, 1971). A second 

assumption was that [^CJleucine was gradually released from proteins during the 

chase. Finally, it was assumed that proteins labeled during the chase were subse-
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Table 2. Diffusion of label out of the embryos and release of 14C02 a f t e r 
pulse-labeling with [14C]leucine. Samples of 15 embryos, isolated af ter 
б h i m b i b i t i o n , were pulse-labeled for 3 h in 18.8 kBq [ ^ c j l e u c i n e . Du
r ing a subsequent chase with or without addit ion of 10 mM unlabeled leu
cine 14C02 and 14C-label diffused into the medium were determined. 14C02 
was captured with 20% KOH. Each value is given as a percent of l^C-content 
at the beginning of the chase and is the mean of two determinations. 

9-24h 

24-48h 

48-72h 

9-24h 

24-48h 

48-72h 

without cold 

d i f fus ion 

1.11 

1.33 

1.43 

0.73 

0.28 

0.10 

leucine 

WC02 

0.30 

0.36 

0.53 

0.26 

1.07 

1.24 

with cold 

d i f f u s 

1.20 

1.30 

1.62 

0.77 

0.41 

0.45 

ion 

leucine 

14C02 

0.40 

0.39 

0.49 

0.22 

0.36 

1.51 

Table Z. Incorporation of label during the chase with 10 mM cold leucine. 
Samples of 5 embryos, isolated af ter 6 h i m b i b i t i o n , were incubated for 
3 h in medium without leucine and then transferred to 10 mM unlabeled 
leucine. Nine, 24 or 48 h af ter i n i t i a l i m b i b i t i o n , 12 samples were pulse-
labeled for 10 min in 18.8 kBq [Зщіеисіпе. Six samples were analysed 
immediately a f ter the pulse, the other 6 a f t e r respectively 15, 24 or 24 h 
incubation in 10 mM unlabeled leucine. The incorporation of [Зщіеисіпе 
during each period was determined as a percent of t o t a l [3H]leucine uptake. 
The means are given ± SEM. 

9-24hl) 

24-48h 

48-72h 

dormant 

cot. 

7.9±0.6 

4.2±0.4 

1.4±0.1 

axis 

10.9±1.0 

6.1±0.6 

2.1*0.2 

afterri pened 

cot. 

13.5±1.2 

10.7±1.5 

8.0±1.3 

axis 

18.2*1.5 

12.7±1.9 

6.6±0.9 

1 ) Before the [Зщіеисіпе pulse the embryos were incubated for 
1 h in 10 mM cold leucine to i n h i b i t incorporation of label 
during the pulse (compare Chapter 2, Fig. l b ) . 
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Table 4. Correction for incorporation during the chase with addition of 
10 mM unlabeled leucine. Experimental conditions were as in Fig. 2. The 
amount of [14C]leucine incorporated during the chase was estimated with 
the data of Table 3 and is shown as a percent of total [14C]protein at 
the end of each chase period. 

24h 

48h 

72h 

dormant 

cot. 

2.7±0.7 

5.0±0.3 

6.0±0.5 

axes 

4.2±0.4 

8.1*0.8 

9.8±0.6 

afterripened 

cot. 

4.8±0.6 

9.5±1.2 

13.3±1.2 

axes 

5.9*0.6 

17.7*0.6 

26.9*2.6 

quently degraded at the same rate as the other labeled proteins. 

The inhibition of incorporation of label during the first period in A axes 

was obviously incomplete (Fig. 2). This might be due to the fact that leucine 

transported from the cotyledons entered other parts of the axes than did leucine 

applied exogenously to the axes during the chase (Oaks, 1965). During the first 

15 h of chase, transport from the cotyledons to the axes increased the amount 

of label in the axes 50% (Fig. 3). However, cold leucine taken up during the 
14 chase by the cotyledons still may inhibit either transport of [ C]leucine to 

the axes or the incorporation in the axes after being transported itself. Cold 

leucine did not inhibit transport but, in fact, increased it (Fig. 3). Further

more, cold leucine did not inhibit the incorporation of transported leucine, 

because it was transported to a lesser degree. This derives from the fact that 
3 
[ H]leucine, applied during the 10 min pulse was transported 2\ times less than 
14 [ C]leucine, applied during the 3 h pulse (data not shown); cold leucine is 

3 
likely transported to the same degree as [ Hlleucine. Furthermore, because of 

14 3 
differential transport of [ C]- and [ HJleucine, the estimation of incorporation 

during the chase was erroneous. 
14 

Degradation of [ Clproteins in A axes during the first and second period 

was estimated by cutting off the cotyledons after the 10 min pulse. In A axes 

the loss of label from proteins was considerably higher after removal of the 

cotyledons (Table 5). Cutting off the cotyledons did not affect axis growth 

during the first period and it had no effect on protein degradation in D axes 

(Table 5). Furthermore, after correction for incorporation of [ Clleucine du

ring the chase, the decrease of labeled proteins was as expected (Fig. 4). For 
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ГаЫе 5. Protein degradation and growth in axes with or without removal of 
the cotyledons. Samples of 5 embryos, isolated after 6 h imbibition, were 
pulse-labeled for 3 h in 3.B kBq [^CJleucine. Then embryos or axes were 
transferred to 10 mM unlabeled leucine. From half of the samples, the axes 
were separated from the cotyledons at the beginning of the first or second 
period. The amount of [^C]protein of A24 (A embryos, 24 h after initial 
imbibition), A48, and D24 was determined as a percent of [14c]protein of 
A9, A24, and Dg respectively. Fresh weight was also determined as a per
cent of fresh weight at the beginning of the period. The degradation rates 
were corrected for incorporation of label during the chase by measuring 
the incorporation of [Зщіеисіпе, applied in a 10 min pulse with 113 kBq 
at the beginning of each chase period. For each determination 6 samples 
were analysed. The means are given ± SEM. n.d. = not determined. 

with cotyledons 

without cotyledons 

A24 (* of Ag) 

A48 (% of A24) 

D24 (* of Dg) 

A24 (% of Ag) 

A48 {% of A24) 

D24 (* of Dg) 

[14C]protei η 

104.1±б.6 

76.2±4.3 

77.8±3.4 

79.6±4.9 

70.1±7.4 

76.2±2.5 

[14C]protein 

corrected 

g6.0±6.4 

66.0±4.5 

n.d. 

75.6±5.3 

бб.0±7.8 

n.d. 

fresh 

weight 

402±29 

226±10 

n.d. 

398±32 

195±12 

n.d. 

these reasons, the degradation rate in cut off axes likely reflected the actual 

degradation rate. In the second period, the inhibition of incorporation in the 

axes was more effective. Furthermore, the estimation of incorporation is likely 

correct. Removal of the cotyledons, however, inhibited axis growth (Table 5). 

The degradation rates from Fig. 2, corrected with the data from Table 4 and 5, 

are shown in Fig. 4. Because protein degradation is a first order process (Davies 

and Humphrey, 1978), the data are plotted logarithmically. The corrected rates 

show that during the first period of chase degradation is higher. Furthermore, 

degradation is higher in the axes and in A embryos during the second and the 

third period. 
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Figure 4. Degradation of pulse-labeled proteins in axes (a) and cotyledons 
(b) of D and A embryos. The data presented in Fig. 2 were corrected for 
incorporation of [14C]leucine during the chase with addition of 10 mM cold 
leucine according to Tables 4 and 5. D: о о; A: · ·. 

DISCUSSION 

Catabolism of [^^C]leuaine 

In this chapter two problems involved in the determination of protein turnover by 

pulse-chase experiments were examined. The first concerns the transfer of radio

activity from the labeled precursor to other compounds. When the labeled precur

sor is released from the proteins in a special compartment (e.g. the vacuole) 

and subsequently catabolized, the chase with cold precursor will be ineffective. 

For labeled leucine, and especially for [l-
14
C]leucine, the transfer of label 

will be low, because leucine is situated at the end of a synthetic pathway. In 

Agrostemma there was indeed almost no transfer of label (Table 1). 

Some authors report a high transfer of label in the non-protein fraction after 

pulse-labeling with [
1 4
C]- or [

3
H]leucine (Splittstoesser, 1967; Beevers and 

Splittstoesser, 1968; Kemp and Sutton, 1971; Sodek and Wilson, 1973). The same 

was observed in Agrostemma when the non-protein fraction was not hydrolysed 

(Table 1). After hydrolysis, however, about 80% of C-label was recovered as 

[ C]leucine. This indicates that most of the C-label in the non-protein frac

tion was bound leucine. A large part of the bound leucine is oligopeptide-bound 

(de Klerk and van der Krieken, unpublished). Bound amino acids are commonly found 
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in plants (Higgins and Payne, 1982). In Agrostemna embryos they make up about 

80% of the non-protein amino acids (Köhler, 1967). The same percentage was found 

for leucine itself (de Klerk and van der Krieken, unpublished). The authors cited 

above who reported high degradation of labeled leucine did not hydrolyse the non

protein fraction. In their experiments, a large part of label was likely also 

bound leucine. 

01 igopeptide-bound leucine may arise from degradation of proteins. It may also 

be the result of direct synthesis from amino acids. Because bound leucine was al

ready highly labeled after 3 h pulse, it was likely synthesized directly. In ad

dition, the absolute amount of bound [14C]leucine was two times lower when cold 

leucine was added during the chase. This is unlikely when bound leucine arises 

from degradation of proteins. These data suggest that oligopeptides do not func

tion as intermediate in the breakdown of proteins as suggested by Higgins and 

Payne (1981, 1982) (see also the Discussion in Chapter 3). 

Ee-utilization 

Incorporation of label during the chase leads to an underestimating of the rate 

of protein degradation. When no cold leucine was added, re-use of label after 

release from proteins was almost complete in D embryos. The same was found du

ring the first period of chase in A embryos. Thereafter the percent of un-incor-
14 porated [ C]leucine increased. When the total leucine content in the free pool 

of germinating A embryos was measured with an amino acid analyser, an increase 

was also found (data not shown). The observed rate of recycling in D embryos, 

more than 90%, is very high compared with data found in other species: in Lenrna 
50% and in Sohizosaaaharomyaes porribe 30% (Davies and Humphrey, 1978). 

The effectiveness of the inhibition of label incorporation during the chase 

by 10 mM unlabeled leucine was estimated by giving a short pulse with [3H]leucine 

at the beginning of the chase and determining the Зн-incorporati on during the 

chase. Incorporation was inhibited from 82% to 92% in the first period and from 

92% to 98.5% in the third period (Table 3). With these data the actual rate of 

degradation during the chase with addition of cold leucine was estimated (Table 

4)· 

Patterms of degradation in dormant and afterripened embryos 

The data presented in this chapter show that in both D and A Agrostemma embryos 

early synthesized proteins are degraded. Degradation was higher during the first 

period of chase. Here, protein degradation probably reflects the general protein 

metabolism: The first period of chase coincides with the first period after iso-
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lation of the embryos out of the seeds. It was shown previously that after iso

lation of the embryos, protein synthesis increased strongly (Chapter 2). After 

this increase that lasted about 18 h, there was a strong decrease in D and a 

slight decrease in A embryos (Chapter 7 ) . 

After the first peri od,degradation is higher in A embryos. In A axes degra

dation is very high: the half-life of the early synthesized proteins is about 

40 h. In these cases, the degradation pattern again parallels the synthesis 

pattern. 

Miflin reported that 5 mM leucine inhibits the growth of barley seedlings 

strongly (Miflin, 1969). It may be that the high leucine concentration applied 

during the chase affected metabolism and growth in Agrostemma embryos. However, 
because no effect was found on the growth after a 63 h chase and because 10 mfl 

was a minimum concentration for an effective chase (Fig. 1), this concentration 

was nevertheless used. 

In A embryos label was transported from the cotyledons to the axes. It may be 

that leucine released from protein was transported in preference to leucine pre

sent in the free pool during the chase with cold leucine: [^C]leucine applied in 

the 3 h pulse and incorporated to about 80% was transported about 21 times more 
than [Зщіеисіпе applied during the 10 min pulse and incorporated to only 1%. 

Furthermore, when transported leucine had entered the axes, its incorporation 

was not effectively inhibited by leucine taken up during the chase. No transport 

was found in D embryos. Transport of leucine to the axes during germination is 

reported for other species (e.g. Beevers and Splittstoesser, 1968). 

Conolusion 

A large amount of data has accumulated on early protein synthesis in embryos of 

imbibing seeds. Many papers report that this protein synthesis is not blocked in 

the embryos of D seeds. Present data show that in addition to protein synthesis 

there is also a considerable degradation of the newly synthesized proteins in D 

embryos: proteins are continuously broken down and resynthesized both in D and A 

embryos. Thus, protein synthesis in D embryos is part of a steady-state metabo

lism which is not blocked by dormancy. A similar process of synthesis and break

down has been observed for membrane proteins in dormant and nondormant Avena em

bryos (Cuming and Osborne, 1978). Both in Avena and in Agrostema degradation ap

pears to be higher in A embryos. Villiers (1974) and Cuming and Osborne (1978) 

hypothesize that this steady-state metabolism in dormant tissue functions as a 

repair mechanism for age-associated damage of macromolecules during air-dry 
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Storage. In the naturai environment this repair mechanism is supposed to take 

place during the repeated temporary imbibitions, when seeds lie buried in the 

soil. 
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CHAPTER 12 

DEGRADATION OF EARLY SYNTHESIZED PROTEINS IN DORMANT AND 

AFTERRIPENED AGROSTEMMA GITHAGO L. EMBRYOS 

2. QUALITATIVE ANALYSIS 

ABSTRACT 

In both dormant and afterripened Agrosterma embryos early synthesized proteins 
were differentially degraded. The extent of specific degradation was signifi
cantly larger in afterripened axes. In afterripened cotyledons and axes the 
specific disappearance of 2 protein compounds, labeled during early imbibition, 
was observed. 

INTRODUCTION 

Most authors who study the role of early synthesized proteins in the regulation 

of seed dormancy and germination, confine themselves to a quantitative analysis 

of protein synthesis. In seeds of many species no correlation was found between 

dormancy and the rate of protein synthesis (see Chapter 7 for references). It was 

hypothesized that in these cases dormancy must be ascribed to a specific blocking 

or unblocking of protein synthesis (Brooker et al., 1977; Borriss, 1977). Indeed 

it was shown for Agrosterma that afterripened germinating embryos are character

ized by specific protein synthesis (Chapter 10). 

In the present paper it was examined if early synthesized proteins are degrad

ed differentially by performing a pulse-chase experiment with [35s]methionine. 

In addition, experiments were carried out in which [^CJproteins extracted from 

pulse-chased embryos and [^H]proteins extracted from only pulsed embryos were 

electrophoresed on the same gel. The differences in the distribution of ^H-and 

l^C-label over the gel was analysed statistically. This method was used previous

ly to determine changes in protein synthesis during sea urchin development (Ter-

man, 1970) and during the germination of peas (Gillard and Walton, 1973). In the 

present chapter the statistical analysis is discussed in more detail. 
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MATERIALS AND METHODS 

Plant material and pulse-chase oonditions for the experiments with [ Simethio-
nine 
D and A Agrosterma seeds were obtained from plants grown in 1977 (see Chapter 2), 

Samples of five embryos were isolated from seeds after 6 h of imbibition at 
20

o
C and incubated for 2 h in 200 μ! aqueous solution of 10 mM KCl, 1 mM СаСІ2, 

and 50 ug ml"l chloramphenicol (Bernhardt et al., 1978), to which [35s]niethionine 
(25.2 TBq mmol

- 1
, Radiochemical Centre, Amersham, UK) was added. After the pulse, 

the chase was performed in the dark at 20 oc in petri dishes on filter paper 
moistened in the same solution without labeled methionine. The chase was carried 
out as well by addition of 10 mM unlabeled methionine. Every 24th hour after the 
start of imbibition the embryos were transferred to fresh medium. The cotyledons 
and axes of 5 embryos were homogenized in 400 μ! and 200 yl Tris HCl + 0.02% 
Triton X-100, pH 8.0, respectively. 

Fiant material and pulse-chase conditions for the experiments with labeled 
leucine 
D and A Agrosterma githago L. seeds, pulse-chase procedures, and radioactive 
materials were as described in the previous chapter. Samples of 5 embryos were 
isolated from б h imbibed seeds, incubated for 1J h in a 200 yl solution of 
3.7 MBq [

3
H]leucine or 0.37 MBq [l^cileucine and for another 1| h in medium 

without label. After this 3 h pulse the Зн-labeled embryos and one portion of 
e i^c-labeled embryos were homogenized immediately; the other portion of the 
C-labeled embryos after a 63 h chase in 10 mM unlabeled leucine. The cotyledons 

and the axes of 5 embryos were homogenized in 400 yl and 200 yl Tris-HCl + 0.02% 
Triton X-100, pH 8.0 respectively. For each sample 60,000 cpm [

3
H]-and 8,000 cpm 

[14π protei η were mixed and added to the gel. 
[l4c]proteins were also synthesized during the chase in 10 mM cold leucine. 

Therefore, embryos were isolated from 6 h imbibed seeds, incubated for 3 h in 
medium without leucine and then in 10 mM unlabeled leucine. Samples of 5 embryos 
were incubated during the last 8 h of each of the chase periods indicated in 
Table 2 (i.e. 16-24 h, 40-48 h or 64-72 h after initial imbibition) in 10 mM un
labeled leucine + 2.9 MBq [14c]leucine. [l^Clprotein of each period was added to 
[l^Clproteins synthesized during the 3 h pulse at 6 h after initial imbibition 
according to the percentages given in Table 2. 8,000 cpm [^C]protein of this 
mixture was added to 60,000 cpm [

3
H]proteins also synthesized during a 3 h pulse 

at 6 h after initial imbibition and electrophoresed. 

Isoelectric focusingì autoradiography and determination of H- and ^C-label on 
the gel 
Isoelectric focusing, autoradiography and determination of 3H- and ̂ C-label on 
the gel were carried out as described in Chapters 2 and 3. The gels were cut in 
1 mm slices. 

Statistical analysis 
When [14c]-and [3H]proteins are extracted from similar embryos, the IEF pattern 
will be approximately identical, the Зн/14с ratio (r) constant for all slices 
and the coefficient of variation of the ratios low. When the [^C]- and [

3
H]pro-

teins are to some extent different, the IEF pattern will not be identical and 
the coefficient of variation of the ratios will be higher. 

Terman (1970) determined the differences in the distribution of
 3
H- and R e 

label over the gel by calculating the coefficient of variation of the ratios. 
However, using the ratios leads to an asymmetric treatment of

 3
H and ̂ С . A 

symmetric situation is obtained by using In r ( i . e . ln3
H - In^c). In addition, 

the standard deviation (SD) of In r is approximately equal to the coefficient of 

Й 
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variat ion of r because of 

In Xi = l n ( x i - χ + x) = In x ( l + х · ^ " ̂ ) = In χ + l n ( l + x i . " x ) . 

This is approximately equal to •
1
·-"

 x
 + In 5(. Therefore, the SD of In xi equals 

approximately SD(—!-= ) = — s
- 1
^ · Finally, analysis must be based on theparame-

ter most normally distributed. Therefore, the skewness of r, 1/r and In r was 
determined for our data and was found to be 0.29±0.36

)
 0.12±0.35 and 0.09±0.32 

respectively (the mean of all 12 samples ± SD). Only the skewness of r was sig
nificantly higher than 0 (p < 0.05). Consequently, the difference in the dis
tribution of Зн-and 14C-label over the gel was determined by calculating the 
SD of In r. The SD of In r was called the difference coefficient (DC). 

In IEF each protein band will be cut into 1, 2 or maximally three 1 mm slices. 
Therefore, correlation is expected between any slice and the first or second 
surrounding slice. Indeed low autocorrelations were found. Therefore, the degrees 
of freedom of each sample were estimated conservatively to be 32 instead of 64. 

To determine if differential degradation had taken place, the DCs were com
pared in a F test. To test the differences in increase of DCs, the absolute 
error in the DC was calculated. The fact that the variance of χ2 equals 2v leads 
to a relative error in the SD = \V2lv. Therefore, the relative error of the 
DC = \\/T№ = 12.5% and the absolute error 0.125-DC. When Vi is the absolute 
error of DCi, differences in increase of DCs are significant when 

(DCl - DC2) - (DC3 - DC4) .
 2 

W j Z + V
2
2 + V3Z + V

4
2 

RESULTS 

Pulse-ahase experiments with [ S]methionine 

Just as in the pulse-chase experiments with leucine, 10 mM unlabeled precursor 

was the optimum concentration to inhibit (re)incorporation of label during the 
35 

chase after a pulse with [ S]methionine (Table 1). Following a 2 h pulse with 
35 
[ S]methionine after б h of imbibition, samples of five embryos were chased in 

presence or absence of 10 mM unlabeled methionine. After various periods of chase 

the embryos were homogenized and the buffer-soluble proteins were fractionated by 

IEF. The resulting autoradiograms are shown in Fig. 1. No specific degradation 

could be shown in D embryos. Patterns of labeled proteins of A embryos reveal, 

however, some marked differences. One band, indicated by arrow 3, disappeared in 

the A axes between 8 and 24 h (Fig. 2a) and between 24 and 48 h in the cotyledons 

and axes some new protein bands appeared due to reincorporation of labeled amino 

acids into proteins which are characteristic for the postgermination phase. For 

example, there is a new band just under band 1. This protein band 1 is not speci

fically degraded although its synthesis had stopped (Chapter 10). 
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Table l. Effectiveness of the chase with unlabeled methionine. After 6 h 
imbibition, samples of 5 isolated embryos were incubated for 2 h in 19 kBq 
[35s]methionine. After another 16 h incubation in medium without addition, 
the samples were transferred to media with increasing unlabeled methionine 
concentrations. Seventy-two hours after the start of imbibition, incorpor
ation into TCA-insoluble material was determined. The incorporation is ex
pressed as percentage of the incorporation at the beginning of the chase, 
24 h after the start of imbibition. Each mean represents four determina
tions. The given confidence limits are at the 90% level. 

Methionine concentration 
in chase medium 

0 M 

IO"6 M 

IO"4 M 

IO"3 M 

IO"2 M 

IO"1 M 

D (%) 

103.5±0.4 

103.9±0.4 

97.2±0.5 

79.8±0.9 

74.5±0.6 

73.5±1.6 

A (Ï) 

76.7*1.3 

75.2±1.6 

75.2±0.8 

67.3±1.4 

60.6±1.3 

59.5±1.6 

Table 2. Difference coefficients (DCs) evaluating the difference in dis
tribution of [ЗН] and [l^Clproteins fractionated on the same gel. A com
parison was made between Зн-pulsed and l^Opulsed embryos (pulse/pulse), 
between Зн-pulsed and l^C-pulse-chased embryos (pulse/pulse-chase), and 
between Зн-pulsed and l^c-pulsed embryos with addition according to the 
percentages in Table 2 of [^c]proteins synthesized during the chase 
(pulse/pulse

+
). The DCs were calculated as the standard deviation of In r 

(In 3H/14C). 

pulse/pulse pulse/pulse"
1
" pulse/pulse-

chase 

*)
 F
32,32 estimated degrees of freedom. 

*) p<0.05, **) p<0.01, ***) p<0.001. 

increase pi) of pulse/pulse-
of DC chase to pulse/ 

pulse
+ 

D cot. 

D axes 

A cot. 

A axes 

0.047 

0.068 

0.047 

0.068 

0.058 

0.079 

0.073 

0.126 

0.092 

0.114 

0.132 

0.248 

0.034 

0.035 

0.059 

0.122 

2.52**) 

2.08*) 

3.27***) 

3.87***) 
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Figure 1. After б h imbibition, samples of 5 embryos were incubated for 
2 h in 1.9 MBq [35s]methionine. Newly synthesized proteins and their 
residues during a chase with (indicated by +) or without (indicated by 
-) addition of 10 mM unlabeled methionine were analysed by IEF in both 
axes (a) and cotyledons (b). Samples were taken at 8, 24, 48, and 72 h 
after the start of imbibition. The lower part of the gel is at pH 9.5. 
For each sample 200 yg protein was added to the gel. 
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Figure 2. IEP pattern of [3
H]-and [

14
C]proteins 1n D axes and cotyledons 

(a and b) and A axes and cotyledons (c and d) after a pulse with [Зщіеи-
cine and a pulse-chase with [14c]leucine. The percent of total label 
present in each gel slice is shown. Arrows indicate the main differences 
in the

 3
H/14c distribution. See Materials and Methods section for ex

perimental procedure.
 3
H: о о; ̂ С ; · ·. 

Pulee-ahaee experiments with labeled leucine 

When proteins were extracted directly after a 3 h pulse with either [
3
H]- or 

[
14
C]leucine, the IEF patterns of [

3
H]- and [14c]proteins were almost identical. 

The difference coefficient (DC, calculated as the standard deviation of In r, 

see Materialsand Methods section) was low for all
 3
H/

1 4
C comparisons (Table 2). 

When the [ Clproteins from embryos chased for 63 h after the pulse and the 

3 3 

[ H]proteins from only pulsed embryos were run together, the patterns of [ H]-

and [ C]proteins showed some differences (Fig. 2). One protein band, indicated 
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Table 3. [^C]protein labeled during 3 successive periods of chase as a 
percent of total [^C]protein at the end of the 63 h chase with addition 
of 10 mM unlabeled leucine. The data were calculated from Fig. 2 and 
Tables 3 and 5 in Chapter 11. 

9-24 h 

24-48 h 

48-72 h 

D 

cot. 

2.6 

2.4 

1.0 

axes 

4.0 

4.0 

1.8 

A 

cot. 

4.1 

5.0 

4.2 

axes 

20.9 

11.2 

11.2 

by arrow 3, was specifically degraded in A embryos. This confirms the results of 

Fig. 1. Another band, indicated by arrow 4, was also degraded specifically in A 

embryos. The differences in D embryos were smaller. The DCs of the Η-pulse/ C-
3 

pulse-chase comparison are significantly higher than the DCs of the H-pulse/ 
14 
C-pulse comparison (p<0.01 for all)(Table 1). 

Ten mM unlabeled leucine inhibited the incorporation of label during the 

chase strongly, but not completely (Chapterll). Therefore, it might be that the 

increase of the DCs was caused by differential incorporation during the chase 

and not by differential degradation. It was examined to what extent proteins 

labeled during the chase affect the DC. The incorporation of label during the 

10 mM cold leucine chase was estimated previously (Chapter 11). From these 

data the amount of label incorporated into protein during 3 successive periods 

of the chase was calculated as a percent of total labeled protein at the end of 

the chase (Table 3). Then, embryos were allowed to synthesize [ C]proteins 
14 

specific for each of the 3 indicated periods of chase. These [ Clproteins were 
14 

mixed with [ C]proteins synthesized during a 3 h pulse after 6 h imbibition 
3 

according to the percentages shown in Table 2. To this mixture were added [ H]-

proteins also synthesized during a 3 h pulse 6 h after the start of imbibition. 
3 14 

With each H- С mixture IEF was performed and the DCs were calculated (Table 1). 

Incorporation during the chase heightened the DC significantly in A cotyledons 

and axes (F32 32 = 2.41, ρ < 0.01 and F32,32 = 3.15, ρ < 0.001 respectively), 

' 3 14 

but the DCs were still significantly lower than the DCs of the Η-pulse/ C-

pulse-chase comparisons (Table 1). 

The increase of DC in A axes was significantly higher than in D axes (p < 

0.05). As proteins have been found to be specifically degraded, the DC will be 
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higher when the total degradation rate is higher. The degradation rates during 

the 63 h chase were 59%, 41%, 47%, and 39% in A axes, A cotyledons, D axes, and 

D cotyledons respectively (Chapter 11). It is unlikely that only the differences 

in degradation rates lead to the difference between the DCs of A axes and D axes. 

DISCUSSION 

In the preceding chapter it was shown that newly synthesized proteins are broken 

down both in D and in A embryos. The data presented in this chapter show that 

early synthesized proteins are differentially degraded in D and A Agrostemma 
embryos and that the extent of specific degradation is significantly higher in 

A axes. In addition, two protein compounds which were abundantly labeled during 

the pulse at 6 h after imbibition, were specifically degraded in A cotyledons 

and axes. 

While dormancy in Agrostemma seeds is not a state of general inactivity, there 
must be some specific block which is likely correlated with the presence of 

specific proteins. In chapter 10 it was shown that the synthesis of one protein 

band was stopped in the axes of A embryos a few hours before germination occur

red. This particular protein (indicated by arrow 1) was synthesized during the 

pulse at 6 h after the start of imbibition; it was not preferentially degraded 

during further imbibition (Fig. 1). Consequently, its role in the inhibition 

of germination is unlikely. Another protein band, indicated by arrow 3, was 

specifically degraded in A axes between 8 and 24 h and in A cotyledons between 

24 and 48 h (Fig. 1; also Fig. 2). This protein is more likely to be such an 

inhibiting protein. The synthesis of this protein, however, still continued 

at 24 h in the axes and at 48 h in the cotyledons of non-isolated A embryos 

(Chapter 10). By slicing the gels and determining the amount of label in each 

slice it was found that one other protein that was heavily labeled during early 

imbibition, was specifically degraded during a 63 h chase (Fig. 2; indicated by 

arrow 4). It was not checked,whether these proteins correspond with the storage 

proteins of band IX which are also synthesized in imbibed A and D embryos (see 

Chapter 3). 

In conclusion, the present study indicates a constant synthesis and degra

dation of proteins in embryos of imbibed D and A Agrosterma seeds. Furthermore, 

it has shown that besides differential protein synthesis, differential protein 

catabolism also accompanies germination and dormancy. 
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CHAPTER 13 

CONCLUDING REMARKS 

In this thesis protein synthesis was studied during the two phases of the life 

of a seed: seed development and seed germination. Concerning seed development 

I confined myself largely to the synthesis of storage proteins which are then 

the most characteristic products of gene expression. It appeared that ripening 

Agrosterrma githago seeds are an excellent model system to study the synthesis, 

assembly and transport of storage proteins. The main advantage of Agrostemma sto
rage proteins is their relative low complexity compared to for example pea sto

rage proteins. The main disadvantage is that ripening Agrostemma embryos rapidly 

loose the capability to synthesize storage proteins after excision (Chapter 4, 

Fig. 2). Attempts to maintain the ripening state by incubation of isolated em

bryos in solutions of ABA or PEG-400 with addition of nutrients (Crouch and Sus

sex, 1981) were not successful (de Klerk, unpublished). Furthermore, a major 

progress would be made possible by raising antibodies against the various spe

cies of storage proteins. Then several claims made in this thesis, e.g. the pro

cessing of the protein band la to I and the several deglycosylation events, 

could be tested more rigorously. 

Storage proteins are in all likelihood inactive proteins in the sense that 

they do not carry out the processes of life and do not direct developmental 

processes but function only as storage products. In the second part of this the

sis it was examined to what extent protein synthesis is involved in the regula

tion of dormancy and germination. Dormancy connotes a state of metabolic inacti

vity. It has been known for a long time, however, that this is not true for a 

number of species {e.g. Evenari et al., 1955; GUnther, 1956/1957; Haber and 

Luippold, 1960). When the metabolism of dormant (D) seeds is not blocked there 

is in all likelihood no general repression of the genome. This was indeed found 

in a number of species (see Chapter 7 for references). Nevertheless, it has still 

been claimed recently that the difference in germination capacity between D and 

non-D seeds is based on a high degree of genetic repression or metabolic inhi

bition in the D seeds {e.g. Jann and Amen, 1977). 

Although D seeds of many species have a considerable rate of protein synthesis 

it was not clear whether the rates of protein synthesis in axes of D and non-D 

seeds are exactly the same. It was shown in this thesis that prior to germination 
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axes of afterripened (A) Agrostemma seeds had a two fold higher rate of protein 

synthesis than D axes. However, we also found that this higher rate of protein 

synthesis was neither necessary nor sufficient for growth to occur. Nevertheless, 

the increased rate of protein synthesis indicates that there are differences be

tween D and A seeds prior to axis elongation and that D seeds are inhibited du

ring the preparatory phase of germination. It was found in germination experi

ments that the time of inhibition of D Agrostemma seeds at 20 0C was at 4 h after 
the start of imbibition. Since the level of protein synthesis in A axes exceeded 

the level of D axes at 6 h, the increased rate of protein synthesis is there

fore probably a 'late' event (see Chapter 8, Figs. 1 and 2). 

Although it is unlikely that the level of total protein synthesis directs 

dormancy and germination, A and D seeds might possibly synthesize different kind 

of proteins. A few hours before germination such differences were indeed found. 

In contrast no differences were observed shortly after 4 h imbibition, i.e. the 

time at which D seeds became inhibited. However, an extensive study of the rise 

and fall of species of mRNAs and synthesized proteins perhaps might reveal subtle 

differences in gene expression. To date such a study has not been made, not even 

in germinating non-D seeds alone. Brookeret al. (1978), Cuming and Lane (1979), Thomp

son and Lane (1980), Galau and Dure (1981) and Dure et al. (1981) did not com

pare embryos at successive stages during the pregerminative phase. In addition, 

they did not separate the axes from the rest of the embryo. 

Finally, it remains to be determined in which tissues the changes occur. Pre

liminary investigations (de Klerk and Tiwari, unpublished) revealed that after 

incubation of Agrostemma embryos in labeled amino acids major labeling occurred 
in the root tip, the vascular tissue and the plumule. Similar observations have 

been made by other authors (Chen and Varner, 1970; Edwards, 1976; Payne et al., 
1978). A more detailed analysis which should also determine whether label was 

taken up to a sufficient extent by tissues with low incorporation remains to be 

done. 
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OVERZICHT VAN DE INHOUD VAN DE HOOFDSTUKKEN 

1. In dit proefschrift werd de eiwitsynthese in embryo's van rijpende, dormante 

(D) en nagerijpte (A) Agrosterma githago zaden onderzocht. 

2. Veel stoffen, o.a. aminozuren, kunnen slecht door de zaadhuid heen dringen. 

Daarom incuberen de meeste onderzoekers bij de bepaling van eiwitsynthese 

geen intakte zaden in een oplossing van radioaktieve aminozuren maar geïso

leerde embryo's. Deze methode, die in dit proefschrift ook tegepast is, werd 

eerst onderzocht. Het bleek, dat na isolatie de opname van aminozuren minstens 

een faktor 1000 hoger was. De isolatie van de embryo's als zodanig stimuleerde 

evenwel ook de eiwitsynthese in hoge mate: 4 uur na isolatie was de incorpo

ratie van toegediende aminozuren 7 maal hoger dan direkt na isolatie. Deze 

toename werd veroorzaakt door de hogere zuurstof consumptie die optrad na 

isolatie . De toename was niet het gevolg van verhoogde synthese van een aan

tal specifieke eiwitten maar van een algemene verhoging van de eiwitsynthese. 

Bovendien was de toename hetzelfde in D en A embryo's. Mits de embryo's direkt 

na isolatie korte tijd in radioactieve aminozuren geïncubeerd worden, geeft 

deze methode daarom toch een adekwaat beeld van de eiwitsynthese in m'et-ge-

isol eerde embryo's. 

Deel I. De synthese van reserve eiwitten in rijpende Agrostemma githago zaden 

3. De verschillende soorten reserve eiwitten werden in de 'embryo-groei - en in 

de 'embryo-rijpings' fase in verschillende verhoudingen gesynthetiseerd. Voor 

het niveau van de eiwitsynthese, de samenstelling en omvang van de niet-eiwit-

gebonden aminozuur pool, de tolerantie voor drogen en de capaciteit om te 

kiemen werden tijdens de ontwikkeling van zaden eveneens veranderingen gevon

den die samenvielen met de overgang van de groei-naar de rijpings fase. 

4. In embryo's van rijpende Agrosterma zaden worden reserve eiwitten gesyntheti

seerd via grote precursor-eiwitten. In in vivo pulse-chase experimenten werden 

drie vormen van precursor-processing gevonden. (1) De precursor werd in 2 delen 

gesplitst die daarna door disulfide bruggen verbonden bleven. (2) De precursor 

werd in 2 grote delen gesplitst die daarna niet door disulfide bruggen verbon

den waren. (3) Er werd een klein deel (1 â 2 kD) van de precursor afgesplist. 

Twee paren van di sul fi de-gebonden eiwitten (38-25 kD en 36-22 kD) werden 

volgens (1) gesynthetiseerd. Bij een derde paar disulfide-gebonden eiwitten 

(41-23 kD) werd de precursor eerst volgens (1) gesplitst. Daarna werd van de 

grootste subunit (59 kD) een 17 kD eiwit volgens (2) afgesplitst. Een set van 

17 en 16 kD eiwitten werd waarschijnlijk eveneens volgens (2) gesynthetiseerd. 
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Bij de eiwitten van 38, 23 en 17 kD vond (3) als laatste processing stap 

plaats. 

5. Door eiwitten te fractioneren met sucrose dichtheids gradiënten bleek dat de 

41-23 kD, 38-25 kD en 36-22 kD complexen aanwezig zijn als 11S oligomeren en 

dus van het legumine type zijn. ledere oligomeer bestaat waarschijnlijk uit 

6 paren di sul fi de-gebonden ±40 kD en ±20 kD subunits. 

De precursors van de 41-23 kD en de 36-22 kD complexen werden eerst tot 

een 7S oligomeer samengevoegd, waarschijnlijk een trimeer, en vervolgens 

gesplitst in de di sul fi de-gebonden subunits. Pas daarna werden de eiwitten 

tot de 11S oligomeer samengevoegd. De precursor van het 41-23 kD complex is 

als een 8S oligomeer aanwezig. De eerste processing stap, de splitsing in 

de twee di sul fi de-gebonden subunits, gebeurde in de 8S vorm; de tweede pro

cessing stap, de afsplitsing van het 17 kD eiwit, zowel in de 8S als in de 

11S vorm. 

6. Het 23 kD eiwit is het voornaamste reserve glycoproteine in Agrosterma zaden. 

De glycosylering vindt grotendeels of geheel plaats in de precursor van dit 

eiwit en is gedeeltelijk post-translationeel. De geringe afname van het mole-

cuulgewicht (H. 4, processing wijze 3) is waarschijnlijk het gevolg van de-

glycosylering. Tunicamycine was in Agrostemma geen effectieve remmer van de 
glycosylering. 

Deel II. Eiwitsynthese in dormante en nagerijpte zaden 

7. In embryo's van geïmbibeerde A Agrosterma zaden wordt de eiwitsynthese in 

drie fases geactiveerd. (1) Tegelijk met de wateropname. Deze acti vati e wordt 

ook in D zaden gevonden. (2) Tussen 6 en 12 uur na begin van de imbibitie in 

assen (i.e. radícula + hypocotyl) van A zaden en wat later in A cotylen. Deze 

activati e vindt niet plaats in D zaden, tenzij de dormantie gebroken wordt. 

(3) Direct na de kieming. Deze toename kan in D embryo's geïnduceerd worden 

door ze uit de zaden te isoleren. 

De tweede activatie duidt er op dat in A zaden kieming-voorbereidende pro

cessen plaatsvinden. Het bleek dat als zaden deze voorbereidende fase bij een 

kieming-toelatende temperatuur hadden doorlopen (A zaden: 4 en 20 0C; D zaden: 

4 C) ze na overzetten naar een kieming-remmende temperatuur (A zaden: 30 C; 

D zaden: 20 en 30 0C) toch gingen kiemen. Hogere temperatuur blokkeert dus de 

kieming-voorbereidende fase en niet de kieming zelf. 

8. Wanneer A zaden gepreïncubeerd werden bij 20 С en vervolgens voor de kieming 

naar 4 С werden overgezet, kiemden ze sneller dan niet-gepreTncubeerde zaden. 

De tijd die bij 4
 0
C nodig was om te kiemen, was des te korter naarmate de 
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preîncubatie langer was. Dit was het gevolg van het feit dat tijdens preïncu-

batie bij 20 0C (1) de wateropname, (2) de omschakeling van het rijpingssta-

dium naar het dormantie/kiemingsstadium en (3) de eigenlijke kieming-voorbe

reidende processen hadden plaats gevonden. 

In D zaden verkortte de eerste 4 uur preîncubatie bij 20 0C de kiemings-

tijd bij 4 0C en had langer preïncuberen geen extra effect. De D zaden werden 

dus 4 uur na het begin van de imbibitie geremd. De verkorting van de kiemings-

tijd bij 4 0C was voor maximaal 60% het gevolg van de wateropname tijdens de 

preîncubatie. Het is niet duidelijk of D zaden bij 20 0C aan de eigenlijke 

voorbereidende fase begonnen en dan na korte tijd geremd werden of dat ze 

in het geheel niet aan de voorbereidende fase begonnen. 

D zaden kiemen niet bij 15 0C maar uit de verkorting van de kiemingstijd bij 

4 С na een preîncubatie bij 15 С bleek dat ze wel een gedeelte van de voorbe

reidende fase doorliepen. A zaden kiemen niet bij 30 C. Het bleek dat ze 

toch een groot deel van de voorbereidende fase doorliepen. Dit bleek ook uit 

het feit dat geïsoleerde A embryo's bij 30 С niet geremd waren en dat bij 

30 С in assen van A zaden de eiwitsynthese hoger was dan in D assen. Bij 35 

С doorliepen A zaden een kleiner deel van de voorbereidende fase en in over

eenstemming hiermee was de groei van geïsoleerde embryo's bij 35 С gedeel

telijk geremd. 

9. De relatie tussen kieming en eiwitsynthese werd in dit hoofdstuk verder onder

zocht. Wanneer in A zaden de kieming geremd werd door PEG-400, was de eiwit

synthese in de assen toch aanzienlijk hoger dan in assen van D zaden behandeld 

met dezelfde concentratie PEG. Dit wijst er op dat A zaden een groot deel van 

de voorbereidende fase doorliepen. Bij langere incubatie in PEG bleven de А 

zaden waarschijnlijk in de voorbereidende fase en behielden als gevolg daarvan 

een hoger niveau van eiwitsynthese. Experimenten met geïsoleerde embryo's 

gaven hetzelfde resultaat en lieten bovendien zien dat in groeiende A embryo's 

een deel van de eiwitsynthese direkt gekoppeld was aan de groei. 

ABA had hetzelfde effect als PEG. Omdat A embryo's waarin de groei was ge

remd door ABA een hogere eiwitsynthese hadden dan D embryo's behandeld met de

zelfde concentratie ABA, doorliepen de A embryo's ondanks de aanwezigheid van 

ABA dus toch een deel van de voorbereidende fase. ABA is daarom waarschijnlijk 

niet betrokken bij de regulatie van kieming en dormantie. 

Wanneer in A embryo's de eiwitsynthese was geremd tot onder het niveau 

van D embryo's, begonnen A embryo's desondanks te groei en. Omgekeerd werd door 

onvolledige narijping de eiwitsynthese sterk gestimuleerd, maar leidde dit 
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niet tot kieming. Hieruit volgt dat de hogere eiwitsynthese in A embryo's 

noch noodzakelijk noch voldoende is voor de kieming. 

10. Na electroforese van radioactief gemarkeerde eiwitten uit A en D assen en 

A en D cotylen werden de verschillen tussen de patronen van A en D embryo's 

statistisch geëvalueerd. Tot en met 16 uur na begin van de imbibitie ver

schilden de patronen van zowel assen als cotylen niet significant. Na 24 uur 

was het verschil zowel voor assen als voor cotylen significant. De verschil

len werden groter na 48 en 72 uur. De 100% hogere eiwitsynthese in A assen 

voor de kieming is dus aanvankelijk (toten met 16 uur) een algemene toename. 

Na fractioneren met isolectric focusing werden er een aantal specifieke 

verschillen gevonden. De meest markante verschillen waren het stoppen van 

de synthese van een specifiek eiwit 6 uur voor de kieming in A assen en na 

de kieming in A cotylen, en de hoge synthese van een specifiek eiwit in D 

cotylen en in mindere mate in D assen na 48 uur imbibitie. 

11. De vroegtijdig gesynthetiseerde eiwitten (i.e. na 6 uur imbibitie) werden 

zowel in A als in D embryo's afgebroken. De snelheid van afbraak was groter 

in assen en in A embryo's. 

12. De mate van afbraak van de verschillende soorten, met electroforese geschei

den eiwitten werd statistisch geëvalueerd. Het bleek dat de verschillende 

eiwitten met verschillende snelheid werden afgebroken en dat de mate van 

specifieke afbraak hoger was in A assen.Bovendien werden in A embryo's twee 

vroegtijdig gesynthetiseerde eiwitten specifiek afgebroken. In D embryo's 

gebeurde dit niet. 

13. Tot slot werden enkele belangrijke resultaten van het onderzoek besproken 

en werden nieuwe punten van onderzoek aangegeven. 

172 



Aan het slot van dit proefschrift wil ik allen die aan de totstandkoming 

ervan hebben bijgedragen danken. Volgens het promotiereglement is het verboden 

dankbetuigingen, gericht tot individuele leden van het wetenschappelijke corps 

van deze universiteit, op te nemen. 

Mijn dank gaat in de eerste plaats uit naar Prof. Dr. H. Borriss die het 

Agrostemma onderzoek in Nijmegen heeft geplant. Zijn ideeën over "Agrostemm" 
waren voor mij een doorlopende inspiratiebron. 

Zonder de studenten die aan het onderzoek hebben meegewerkt,was het proef

schrift zeker niet in deze vorm verschenen. Dit waren Arno Lataster, René Smul

ders, Hans Kok, Wim van der Krieken, Desireé Engelen en Patricia Willekens. 

René heeft bijgedragen aan hoofdstuk 7, Wim aan hoofdstukken 3 en 9, Desireé 

aan hoofdstukken 5 en 9 en Patricia aan hoofdstuk 8. 

Verder wil ik om uiteenlopende redenen bedanken: de afdeling illustratie 

(т.п. de heer Oor), Rinus van der Gaag, Jean-Marie Vijverberg, Peter de Groot, 

Wim Reynen en de tuinlieden van de proeftuin. 

Wim Reynen wil ik bovendien bedanken voor zijn hulp bij het ontwerpen van 

de omslag. 

Liesbeth Bär, Liesbeth Scholten en Jos Aarts hebben geholpen om in de uit

eindelijke tekst tikfouten op te sporen. Liesbeth Bär heeft bovendien een aantal 

hoofdstukken getypt. 

Tot slot wil ik de medewerkers van het Botanisch Laboratorium bedanken voor 

hun collegialiteit. 
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CURRICULUM VITAE 

De schrijver van dit proefschrift werd op 11 april 1952 in Bergen op Zoom ge

boren. In 1970 behaalde hij het diploma gymnasium в aan het Dominicus college 

te Nijmegen, waarna hij Biologie ging studeren aan de Katholieke Universiteit 

van Nijmegen. Het kandidaats examen (richting B4) legde hij in oktober 1973 af. 

Het doktoraal examen metals hoofdvak Plantenfysiologie (o.l.v. Dr. G.W.M. Ba-

rendse. Prof. Dr. H.F. Linskens en Prof. Dr. H. Borriss) en als bijvakken Dier

fysiologie (o.l.v. Dr. B.G. Jenks en Prof. Dr. A.P. van Overbeeke), Vergelij

kende en fysiologische psychologie (o.l.v. Dr. C.P.F, van der Staak en Prof. 

Dr. J.M.H. Vossen) en Filosofie van de natuurwetenschappen (o.l.v. Prof. Dr. 

P.B. Scheurer) behaalde hij in oktober 19?7. In 1973 begon hij met de studie 

Filosofie (C-richting) waarvoor hij in oktober 1980 afstudeerde (cum laude) met 

als hoofdvak Filosofie van de natuurwetenschappen (o.l.v. Prof. Dr. P.B. Scheu

rer) en als bijvakken Kennisleer (o.l.v. Prof. Dr. J. Plat) en Botanie (o.l.v. 

Prof. Dr. H.F. Linskens). 

Vanaf 16 Oktober 1977 was hij werkzaam op het Botanisch Laboratorium van 

de Katholieke Universiteit van Nijmegen, aanvankelijk parttime en vanaf 1 

augustus 1979 fulltime. Deze aanstelling duurde tot 1 oktober 1983. In deze 

tijd verrichtte hij het onderzoek dat in dit proefschrift beschreven is. Daar

naast leverde hij een bijdrage aan het onderwijs in de Botanie op prekandidaats 

niveau (o.a. Plantenfysiologie) en postkandidaats niveau. Vanaf Januari 1984 

zal hij werkzaam zijn op de Research School of Biological Sciences van de Austra

lian National University te Canberra. 

In 1979 trouwde hij met Liesbeth Bär. Hun dochter Daphne werd op 25 augustus 

1983 geboren. 
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STELLINGEN 

l Het gebruik van «Ie term "gernlratlon" door Bewley and Black 

(1978. 1982) is inconsistent. 

Beuley, J.D. and M. Black (1978, 1982): Physiology and bioehe-
mistry of seeds in relation to germination. Volumes 1 and 2. 
Springer Verlag, Berlin-Heidelberg-Seu York. 

2. Bij de bepaling van de synthese van macromoleculen met behulp 

van gemarkeerde precursors worden vaak eventuele verschillen in 

de omvang van de endogene precursor pool veronachtzaamd. Dit is 

met name het geval in experimenten met remstoffen. 

Delseny, K., L. Aspart and X. Guitton (1977): Planta 135, 1BS-12S. 
Badenooh-Jones, J., D. Spencer, T. J. V. Biggins and A. Millerd 
(1981): Planta 153, 201-209. 

3. Hecker (1977) concludeert ten onrechte dat bij 30
 0
C de eiwit

synthese in nagerijpte embryo's van Agrostenma githago geremd is. 

Becker, M. (1977): Biol. Plant. 19, 2-9. 
Weidmer, M. and С. Ziemens (197S): Plant Physiol. SB, S90-Î94. 

4. Bij de bepaling van de hoeveelheid gebonden giberelline is 

zure hydrolyse gevolgd door een bepaling van de hoeveelheid 

vrij hormoon, een ondeugdelijke methode. 

Barendse, G.U.M, and G.J.H, de Klerk (1975): Planta 126, 25-35. 

5. De veronderstelling van Zhang en Croes (1982) dat de hogere 

zuurstof consumptie door kiemende pollen in medium met sucrose 

ten opzichte van medium met polyethyleen-glycol het gevolg is 

van de toevoeging van suiker als respiratie substraat is onvol

doende onderbouwd. 

Zhang, B.-Q. and A.F. Croes (1982): Acta Bot. Яеегі. 31, 113-
119. 

6. De experimentele technieken die toegepast worden bij de bestude

ring van de rol van 'geconserveerd'mRNA in de zaadkieming zijn 

ontoereikend. 



7. Het 'twee-pool' model voor de comparti mental i satie van amino

zuren In tarwe ertryo's van Harsh at al. (1982) wordt onvoldoende 

door hun resultaten ondersteund. 

Hxreh, L·,*. Dotta and A. Mareue (1982): Plant РНувіоІ. 64, 67-73. 

8. Darwin's betekenis voor de f i losofie l i g t vooral in het f e i t 

dat z i j n natuur l i jke-se lect ie theor ie de grondslag aan het typo

logisch denken heeft ontnomen. 

Ghieelin, K.T. (1974): The economy of nature and the evolution 
of sex. Vniversitu of California Press, Berkeley-LoB Апдеіев-
London. 
de Klerk, C.J.M. (2982): Satuur en Techniek 50, 212-229. 

9. De problemen die sonmige auteurs hebben met de omschrijving van 

het begrip "storage proteins" komt voort uit hun typologische 

denkwijze. 

Spencer, D. and T.J.V. Biggins (1979): Curr. Ado. Plant Sci. 
11, 34.1-34.13. 

10. In de Darwin-studies wordt de betekenis van Darwin's waarnemin

gen aan planten b i j het ontstaan van z i j n evolut ietheorie onvol

doende onderkend. 

Allan, M. (1977): Darwin and his fUnoers. Taplinger, New York. 

1 1 . De analogie tussen de groei van kennis i n de wetenschap en i n 

de evolut ie heeft i n de wetenschapsfilosofie onvoldoende aan

dacht gekregen. 

12. Toulmin (1972) gebruikt het populatie-concept verkeerd. 

Toulmin, S. (1972): ¡fuman understanding. Princeton University 
Presa, Princeton. 

13. In de wetenschapsfilosofie wordt de betekenis van Whewell's 

consilience of inductione onvoldoende onderkend. 

Whetûell, W. (1837): The history of the inductive всіепсев. 
Parker, London. 

14. Darwin's art ikel over de ontwikkeling van kinderen wordt in de 

geschiedenis van de ontwikkelingspsychologie ten onrechte ver

onachtzaamd. 

Denvin, С. (1877): Mind: Quarterly Revisa of Psychology and 
Philosophy 2, 2BÍ-294. 

15. In de discussies omtrent de dri jvende krachten verantwoordelijk 

voor de migratie van de keratinelaag van tronmelvlies en 

gehoorgang, wordt voorbijgegaan aan de aanwezigheid van fysische 

krachten, zoals vochtigheids- en temperatuursgradiënten. 

16. Sonnige proefschri f ten l i j k e n in een bepaald opzicht op de 

Tractatus Logiao-philosophicus van Wittgenstein. 

Wittgenstein, L. (1921): Tractatus Logico-philosophicus. 6.54. 

Nijmegen, 15 december 1983 

Geert Oan de Klerk 






