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ABSTRAcr 

Embryo formation from callus of Tft,eobroma cacao L. was associated with the changes in relationship 
between nuclear, nuCleolar and cell sizes and the content of basic proteins (FG-FCF~stained). Together 
with the increase in nuclear size of callus and proembryo cells the increase in the amount of nuclear basic 
proteins was found. Ib. the callus cells the increase in nucleolar protein content exceeded that in nucleolus 
size, whk:h led to the rise in basic protein concentration in the nucleolus. However, in the early stage of 
embryogenesis the increase in protein content was not so marked as that in callus, which indicated that 
embryogenesis involved a decrease in concentration of nucleolar basic proteins. Differences between callus 
and proembryo cells were also observed in the concentration of cytoplasmic proteins. The increase in size 
of callus celts was the same as the increasing amount of cytoplasmic proteins. In proembryos a significant 
increase in cell size was accompanied by only slight changes in cytoplasmic proteins. 

The stimulation of embryogenesis by 2.4-D resulted in an increase of nuclear concentration of basic 
proteins in proembryos. The intensification of embryogenesis involved the decrease of the concentration 
of nucleolar proteins together with the increase in concentration of basic cytoplasmic proteins. 

H. KONONOWIcz, J. JANICK: Zmiany rozmiarow jqder, jqderek i komarek towarzyszq,ce somatyczneJ 
embriogenezie II Theobroma cacao L. 11. Zaleinosc pomi(dzy zawartoNciq bialek zasadowych i rozmiarami 
jqder, jqr.lerek i kotnOrek. 

, 
Powstawanie embrionow ~ kalusa '11Ieobroma cacao L. bylo zwillzane ze zmianami zalemosci pomi~ 

dzy rozmiarami jllder, jllderek i kom6re.k i zawartoScill bialek zasadowych (bawillCYch si~ FG-Fcp). Zwi~k­
szeniu rozmiar6w j~der w kalusie i proembrionach towarzyszylo zwi~kszenie iloSci zasadowych bialek 
jlldrowych. W kom6rkach lcalusa zwi~zenie zawartoScl zasadowych bialek jllderkowych bylo wi~ 
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niZ zwi~kszenie·rozmiar6w jQderek, co prowadzilo do zwi~kszenia s~nia bialek zasadowych w jtlderku. 
JednakZe we wczesnych stadiach rozwoju embrion6w zwi~kszenie zawartoSci bialek nie byJo tak znaczne 
jak w kalusie, co sugeruje, ze embiogeneza zwillzana jest z obniZeniem s~Zenia zasadowych biaJek illderko­
wych. 'Obserwowano takZe r6mice st~a biaJek cytoplazmatycznych pomi~ kom6rkami kalusa i pro­
embrlon6w. Rozmiary kom6rek kalusa zwi~zaIy si~ w jednakowym stopniu jak Hose bialek cytoplazma­
tycznych. Natomiast W' proembrionach zWic:<kszeniu rozmiar6w kom6rek towarzyszyla jedynie nieznaczna 
zmiana iloSci bialek cytoplazmatycznych. 

Stymulacja embriogenezy pod wplywem 2,4-D powodowala zwic:<kszenie s~zenia illdrowych bialek 
zasadowych w proembrionach. Intensyfikacja embriogenezy zwi~ byla takZe z obniieniem s~nia 
zasadowych bialek illderkowych oraz zwic:<kszeniem st~zenia zasadowych biaJek cytoplazmatycznych. 

Pollowing abbreviations have been used: 2,4-D = dichlorophenoxyacetic acid; CW = coconut wa­
ter; PG-PCP = PG = Past Green; TCA = trichloroacetic acid; AU = arbit{ary units. 

INTRODUCTION 

It was suggested that developmental processes were highly sensitive to cell and nucleus 
size, and different sizes were optimal for different tissue [4]. In eukaryota DNA content 
is strongly correlated with the cell and nuclear volume [2]. These correlations were ex­
plained by postulating that DNA had two functions unrelated' to its protein-coding ca­
pacity, ego determination of nuclear volume by the overal bulk of DNA· and control of 
cell volume by the number of replicon origins [4]. However, relationship between nuclear 
protein content and nucleus size was observed IS] which suggested that increased nuclear 
size, with constant DNA content may be due to increased nuclear protein content. This 
raises the question about the nature of these proteins. 

In ourprevious paper t7J we found t~at somatic embryogenesis of Theobroma cacao L. 
was associated with changes' in the relationship between an increase in DNA content and 
sizes of nuclei, nucleoli and cells. The process of embryo formation form callus was also 
associated with changes in the relationship between nuclear, nucleolar and cell sizes and 
total (DNFB-steined) protein content. 

The aim of this study was to ascerteinif there is a relationship between sizes of nucleus, 
nucleolus and cell and basic protein content (FG-stained). Amount of basic proteins was 
estimated cytophotometrically after EG staining procedure [3]. 

MATEluAL AND METHODS 

Methods for maintenance of stock callus culture were described in previous paper [6]. Embryogenic 
competent callus of cacao may be shifted toward homogenous callus production without any evidence 
of embryogenesis with 1.0 mg/I 2,4-D+ 10% coconut water (CW) or to high frequency of embryogenesis 
with 1O-2'mg/12.4-D (6). Basa1 media (control) were supplemented as descnDed with 2,4-D at concentra­
tion 10-2 mg/l or 1.0 mg/l+ 10% CWo 

Pieces of white yellow cs,llus 10-15 um3 were used to initiate experiments. After three weeks, two 
stages were distinquishe<l under the siereosq>piCmicrocsope: white-yellow callus- stage I callus, and nodular 
bodies :stage n callus. All experiments ,were perfornied. on·thes,e two developmental stages. 

Staining procedure. 

Pretem cOntent in nucleus; nUcleolus and cytoplasm were estimated cytophotometrically- with Zeiss 
(Jena)~ophot0mete:r.~paratiOnS 'W~·mitde according to PeUIgen-PG method (3]. Material 
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RESULTS 

Relationship between FG-stained protein content and size of nucleus 

There is the linear relation between the amount of FG-stained nuclear proteins and 
nuclear size in callus and proembryo cells (Fig. I: lA, IB). The increase in nuclear proteins 
content was associated with an increase in nuc1ear size. The increase in sizes of nuclei, 
however, was not so significant as the increase in protein content, which resulted in the 
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Fig. 1. The relationship between FG-stained nuclear protein content and nucleus size in callus and early 
stage of embryo. A = callus, B = ,proembryos; 1 = control, 2 = after 10-2 mgtl 2,4-D treatment, 3 = 
= after 1.0 mgtl 2,4-D+CW treatment. The appropriate regression equations and r2 values as follows: 
A) control: y = 14.34+0.57x(r2 = 0.77); 2,4-D: y = 0.52+0.5X(r2 = 0.17); 2,4-D+CW: y = 2.49+ 

+0.45 x(r2 = 0.46). B) control: y = 0.49+0.5 x (r2 = 0.59); 2,4-D: y = 15.49+0.54 x(r' = 0.34) 

increase in protein concentratiQn (Table I). While in callus nuclei of 50 J.UIla protein con­
centration was 0.20 AU/J.UIl2, in nuclei of 400 um2 it was 0.52 AU/J.UIl2. The increase in 
nuclear protein concentration in proembryos was not so remarkable as in callus (Table 1). 

The stimulation of embryogenesis with 10-2 mg/l 2,4-D did not alter the relationship 
observed in the control callus cells (Fig. 1: 2A). In proembryos, however, 2,4-D increased 
the amount of nuclear proteins as compared to the same· size nuclei of the control (Fig. 1 

: 2B). For example, in nuclei of 400 J.UIl2 the content ,of basic proteins in control proembryo~ 
\ :as141l AU and mcrease<\ to 200AlJ in proemMy'" "owing in tho_"" ol.l,4-D. 
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TABLE i. 

Eifect ot the conditions stimulating (l.4-D) or inbibiting (2,4-D+CW) embryogenesis on the concentra­
tion (AU/p.ml ) of FO-stained nuclear proteins in callus and early stage of embryogenesis of Theobroma 

cacao L. 

- ­
Treatment I Stage I 50 I 

Size of nucleus «(.Lml) 

100 I 200 I 400 

control I I 
n 

0.24 
0.28 

I 0.40 
0.32 

0.48 
0.36 

0.52 
0.37 

10-1 mIDI I 0.28 0.50 0.50 0.50 
2,4-D II - 0.40 0.47 0.50 
1.0 mgJI 2,4-D 1 0.4 0.44 0.45 0.44 
+10%CW 

Somatic E 

Effect of the conditions stimulating 
tion (AU/p.ml) of FO-stained nucleo 

Treatment 

control 

10-1 mgtl 
2,4-D 
1.0 mgfl 2,4-D 
+10%CW 

Relationship between FG-stained nucleolar protein content and size of 
nucleolus 

Changes in FG-stained nucleolar protein content were accompanied by parallel chan­
ges of nucleolar sizes (Fig. 2). In callus cells growing on basal medium the increase in nu­
cleolar size was not equivalent to the increasing protein content (Fig. 2: tAl, for example. 
doubling nucleolus size from 40 to 80 {Lm2 was accompanied by 2.7 times increase in pros 
tein content. It led to an significant increase in nucleolar protein concentration in callu.. 

3A 

·~~ .., 
.I

80 120 II.) &J 120 II.) &J 120 
proteh content I AU! 

Fig. 2. The relationship between FO-stained nucleolar protein content and nucleolus size in callus and 
early stage of embryo. A callus, B = proembryos; 1 = control, 2 = after 1()-2 mgJl 2,4-D treatment, 
3 = after 1.0 mgJl 2,4-D+CW treatrp.ent. The appropriate regression equations and r' values as follows: 
A) control: y = 15.17+0.96x(rl = 0.76); 2,4-D y = 1.62+0.71 x(r' = 0.79); 2,4-D+CW: y = 1.31+ 

+0.14x(rl =0.59). B) control: y = Oi49+0.5x(~'_ 0.58): 2,4-D: )I = 2.86+0.81 X (,1 =0.40) 
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TABLE 2 
>. 

Effect of the conditions stimulating (2,4-0) 01 inhlbitins (2,4-0+CW) embryogenesis on the concentra­
tion (AU/jLm*) of FG-stained nucleolar proteins. in callus and early stage of embryogenesis of Theobromo 

.<,~'L. 

cells (Table 2). However, the process of embryos formation did not involve any changes 
in the concentration of basic nucleolar proteins (Table 2). 

2,4-0 slightly increase the concentration of nucleolar protein in proembryo cells as 
compared to control. 

Relationship between FG·FCFMstained cytoplasmic protein content and 
size of cells 

Changes in cytoplasmic proteins content were accompanied by changes in cell sizes 
(Fig. 3). The increase in the size of callus cells growing on basal medium was the same as 
the increasing amount of cytoplasmic proteins (Fig. 3: lA). In proembryos, however, 
significant increase in cell size was accompanied by only slight changes in cytoplasmic 
proteins (Fig. 3: lB), which caused a marked decrease in protein concentration in cells 
of greater size. In cells of 500 1J.II12 protein concentration was 0.48 AU111m2 and only 
0.2 AU/11m2 in cells of 2000 1J.II12 (Table 3). Differences in cytoplasmic proteins content 
between callus and plOembryo cells were evident in larger cells. Cells of callus contained 
twice as many FG·stained proteins as the equivalently sized cells of proembryos. For 
example, in cells of 2400 /lffi2, the content of cytoplasmic proteins in callus was 940 AU 
but only 450 AU in proembryos. 

2,4·0 did not cause any essential changes in the relationship between protein content 
and cell size in callus (Fig. 3: 2A). However, in proembryos, there was a remarkable in­
crease in cytoplasmic protein content when compared to the control (Fig. 3: 2B). For 
example, in cells of 2000 11m2 protein content in control proembryos was 400 AU and in 
proembryos growing in the presence of 2,4-0 - 690 AU, but nevertheless the increase 
in cell sizes led to the increase in protein concentration (Table 3). In contrast, 2,4-D+CW, 
which· eliminated proembryos, significantly decreased cell protein content as compared to 
the control (Fig. 3: 3A). Protein content in control cells of 2000 IJ.m2 was 780 AU and in 
the same size cells growing on media supplemented with 2,4-D+CW - 600 AU. These 
changes suggest that the transition from nonorganized growth of callus to embryogenesi$ 
is associated with an increase in cytoplasmic protein concentration. 
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Fig. 3. The relationship between FG-stained cytoplasmic protein content and cell size in callus and early 
stage of embryo. A = callus, B = proembryos; 1 = control, 2= after 10-2 mg/l 2,4-D treatment, 3 = 
= after 1.0 mg/1 2,4-D+CW treatment. Th~ appropriate regression equations and r2 value as follows: 
A)control:y 25.56+0.37x(r· 0.51);2,4-0:y 81.54+0.34x(r2 = 0.53); 2,4-0+CW: y = 105.15+ 

+0.25x(r2 0.49). B) control: y = 183.99+0.11 x(r" = 0.26); 2,4-0: y = 110.61 +0.25 x(r' = 0.3) 

TABLE 3­

Effect of tbe conditions stimulating (2,4-D) or inbibiting (2,4-D+CW) embryogenesis on the concentra­
tion (AU/ILm2) of cytoplasmic FG-stained proteins in callus and early stage of embryogenesis of Theo­

broma cacao L. 

Treatment Stage 
. Size of cell «(J.m2) 

500 1000 1500 2000 

control I 0.40 0.40 0.39 0.39 
II 0.48 0.29 0,23 0.20 

10-1 mg/I I 0.46 0.39 0.36 0.34 
2,4-D II 0.46 0.38 0.35 0.34 
1.0 mg/I I 0.46 0.35 0.31 0.30 
2,4-D+ 10% CW 

DISCUSSION 

A relationship between sizes of nuclei, nucleoli and cell and basic protei,n content was 
observed in cells of callus and proembryos of Theobroma cacao L. 

The increase in sizes of nuclei in callus and proembryo cells was accompanied by the 
increase in the amount of nuclear basic proteins. This effect was especially evident in callus 
cells (Table 1). Similar relation found for nucleoli in callUs cells, which resulted in increase 
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in nucleolar protein concentration (Table 2). The significant differences also appeared in 
the concentration of cytoplasmic proteins between cells of callus and proembryos (Table 3). 
Callus cells contained about twice as many basic proteins as proembryogenic cells of cor­
responding sizes (Table 3). 

The induction of embryo formation by 2,4-D from callus involve remarkable increase 
in the concentration of nuclear and cytoplasmic protein. The intensification of embryoge­
nesis did not involve significant changes in concentration of basic nucleolar proteins . 

Similar correlation between protein content and the sizes of nuclei were. detected by 
MITCHELL and VAN DER PLo.eG [8]. The increase in nuclear sizes without any ch'anges in 
DNA content ascribed to an increase in nuclear protein content. It was confirmed by ana­
lysis of protein content. 

The increase of protein content along with the increase of the nucleus size was obser­
ved in Vida faba [I]. However, not all differences in nuclear sizes could be related to 
differences in protein content, . because some large nuclei contained less proteins than 
small ones. 

In our previous paper [7] we reported correlation between nucleus size and DNA 
-content. CAVALIER-SMllH [4] suggested, that the general correlation between the size of 
actively dividing cells and their DNA content found in bacteria [5] as well as in eucaryotcs, 
which supported the idea that all cells have common mechanism of the size determination. 
She suggested [4] that DNA acted as a nucleoskeleton, determining the volume of the nuo­
leus, and that larger cells requited larger nuclei and therefore correspondingly more DNA. 

Significant changes in the concentration of nuclear, nucleolar, and cytoplastnic pro­
teins accompanying the stimulation of embryogenesis in cacao suggest that these proteins 
play an important role in differentiation processes leading to embryo formation. The 
quantitative changes in FG-stained proteins and DNFB-stained proteins [7] may be the 
result of changes in particular groups or kinds of proteins. The histochemical methods 
however, do not permit precise determination of the kinds of proteins involved. 

In conclusion the results presented in these papers indicated that DNA as well as 
protein were responsible for the increase in nuclear size. However, the fact that proteins 
content may increase although DNA content remains c011stant, indicates that the proteins 
play an important role in this process. 
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