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Abstract-Aggregates of tobacco cells in suspension in 24-D (10m6 Mf and kinetin (10q5 M) cultures were frac- 
tionated by size, then their O-methyltr~sfera~ (OMT) activities were assayed. Only the kinetin culture showed 
high OMT activity, which was higher in the larger than the smaller aggregates at all stages of cell growth. The 
contents of phenolic acids were also greater in the larger cell aggregates in the kinetin culture. However, when 
the kinetm cultured cells were transferred to a medium containing lO-‘j M of 2,4-D, the relationships between 
the cell size of the aggregates and OMT, lignin and the phenol& acids disappeared. The importance of kinetin 
and cell association for OMT and the subsequent l~~~t~~ of the cells is discussed. 

INTRODUCTION 

In almost all cases, suspension cultured cells of higher 
plants proliferate to some degree as cell aggmgates. Cells 
in aggregate may be considered to be in quite a different 
environment from free floating cells. Different sizes of 
cell clusters from a suspension culture possess different 
embryogenetic potentials [1] and mitotic activities [2]. 
Moreover, chloroplast diffe~t~ti~ [3] and peroxidase 
activity [4] are stimulated in the large aggregates. These 
phenomena suggest that the inherited characters of plant 
cells in suspension are shown by different levels of aggre- 
gation. Thus, further studies on the physiological and 
biochemical differences associated with the aggregation 
of cells are necessary. 

In a previous paper, we reported changes in OMT 
activity and the subsequent lignitication of cultured cells 
of tobacco [S]. We here present some differences in 
OMT activity and in the lignification rate which corre- 
late with the degree of cell aggregation, as studied in 
tobacco cells in suspension. 

RFSUL’IS AND DISCUSSION 

During growth of TSS c&Is in a 2,4-D culture, most 
cells were in aggregates, At the early log stage of growth 
(2-5 days in Fig. l), the S fraction (cell mass less than 
OSmm in diameter; usually 8 cells per aggregate) in- 
creased and the M fraction (cell mass 05-l mm, usually 
30 cells per aggregate) decreased. The L fraction (cell 
mass mom than 1 mm, usually 600 cells per aggregate) 
also decreased (Fig 1). This indicates that in the early 
stage of growth, the cell aggregates of the M and L frac- 
tions dissociate to form the S fraction, and that in the 
later stage (5-10 days in Fig. l), cells in the S fraction 
expand and divide in aggregate to form the M fraction. 
When these 2,4-D cultured cells were transferred to a 
lcmetin medium, different patterns of fluctuation were 
observed. Kinetin was not very effective for aggregate 
formation, at least initially. But, during successive kinetin 
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Fig. 1. Changes in % cells contained in fractious of varying 
cell cluster size during 2,4-D cuiture (a), and kinetin culture 
(b). Cell cluster sizes: S, cell mass less than 05 mm (circles); 

M, DS-1Qmm (triangles); L, more than l.Omm (squares). 
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cultures, the large aggregates increased and the cell size 
of the L fraction decreased. 

In +samore [Z] and in rose cells [6], cells in aggregate 
mzrzati Jump the bgarithmic phase End free floating 
CUIIS trtcrcA* during the stationary stage. Our results in- 
dmw. horrcker. rhnl large aggregates vary in a different 
\\:I), ,Fz\zrsI luc:lcjrj (the sugar source, auxins, qtokinins, 
organic nitrogen [2], and the shaking rate [‘7]) contrib- 
ute to aggregate fo~ation. Auxins, cytokinins, and the 
sugar sources also affect tracheid differentiation [all]. 
In this study, kin&n was effective for cell aggregation 
and organization after several passages in a kinetin 
(lo- 5 M) culture. 

In both the 2,4-D and kinetin cultures, the cells in 
large aggregates contained more DNA, RNA, and pro- 
tein than did cells in the smaller aggregates, on a per 
cell basis (Fig. 24, B, C). In the 2,4-D culture, however, 
the contents of phenolic acids (Fig. 2D) and the number 
of lignified cells (Fig. 3) did not increase with an increase 
in cell aggregate size. These two factors were related with 
the size of the cell amgates only in the kinetin culture. 
The percentage of lignified cells to the total cells con- 
tained in each cluster fraction increased during successive 
kinetin cultures while retaining a correlation with the 
size of the cell aggregate (Fig. 3). Strikingly, ~~ifi~ati~ 
occurred even in the first transfer to a kin&n medium 
when cells were less organized. This was cotirmed by 
staining the cells with phloroglucinol-HCI and 
safranin-0. On the 12th day of the kinetin culture, cells 
in aggregates were stained with phloroglucinol-HCl and 
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Fig, 2. Changes in (a); buffti soluble protein, (b): RNA, (c); 
DNA, a& (d); phenolic acids contained in a m&on cells 
of each dtuster fraction on the 12th day of culture of T5S 
cells. -+-- IO-‘M kinetin culture; -u- 1W6M 2,4-D 

culture. 
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Fig 3. Relation of the lignification rate of each cell fraction 
to the sizes of the cell cluster on the 15th day of culture of 
TSS ceils. -@- 10e6 M 2,4-D culture; --+- 1st passage; 
---A- 2nd passage; -A- 3rd passage in a 10m5 M kinetin 

medium. 

safranin-U at the point of cell contact with neighbouring 
cells, but celis in aggregates in the 2,4-D culture did not 
take the stain, Results shown in Figs. 2D and 3 indicate 
that the activity of O-methyltransferase (OMT) (E.C. 
2.1.1.6), a key enzyme in lignin biosyn~esi~ might be 
related to the size of the cell aggregates. Cells in the 
2,4-D and kinetin cultures were fractionated using sieves 
at the 2nd, 9th and 14-15th days of culture, which corres- 
ponded to the first rise in OMT, the early stage and 
the maximum of the second rise in OMT, respectively 
[SJ; then crude enzyme for the assay of OMT activity 
was extracted. At all stages tested, OMT activity was 
higher in the large cell aggregates in the kinetin culture, 
But in the 2,4-D culture this relationship was not 
observed (Fig. 4). Even in the 4th passage of cells from 
the kinetin culture, the ~~tion~ip of OMT and Iignifi- 
cation to the size of the cell aggregate was retained. 
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Fig. 4. Relation of OMT activity to the size of the cell cluster 
in a I@ M 2,4-D culture (U) and in a IO-’ M kinetin 

culture (-e--). 
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Fig. 5. (a), relation of OMT activity; and (b), the percentage 
of lignified cells to cells contained in each cluster fraction in 
the low6 M 224-D culture, to which cells were retransferred 
from a 3rd passage kinetin cultufe (u), and in the 4th 

passage kinetin (low5 M), culture (+) at the 15th day. 

When 3rd passage cells from the kinetin medium were 
transferred to the 2,4-D culture the relationship of OMT 
and lignification to the size of the cell aggregate was 
lost (Fig. 5). This reversal confirms that cell aggregate 
dependent OMT activity and IigtScation are inhibited 
by 2,4-D and/or promoted by kinetin. 

The increases in OMT activity and in the number of 
lignified cells with the increasing cell mass at any point 
during the kinetin culture indicate that kinetin (or a dilu- 
tion of 2,4-D) and cell aggregation have a decided &ect 
on cytodifferentiation. The reversibility of this relation 
between cells in the 2,4-D culture and those in the kine- 
tin culture indicates that 10v6 M of 2,4-D represses the 
aggregate dependent OMT activity and su 

bsecg 
uent ligni- 

fication. A diluted 2,4-D media, e.g. a lo- M 2,4-D 
medium, and 2,4-D free medium without kinetin slightly 
induced aggregate dependent OMT activity in TSS cells, 
but cells were gradually destroyed during the second 
passage. Even in the presence of 2,4-D (10m6 M), IO-’ M 
of kinetin induced a=regate dependent OMT activity. 

The gradual increase in the percentage of total cells 
contained in the L fraction during successive kinetin cul- 
tures, and the observation that cells in a large cluster 
become highly organized after several passages in kinetin 
cultures suggest that kinetin has an organizing effect. 
Kinetin may, thus, have secondary effects on the aggre- 
gate dependency correlated to OMT, as well as an anta- 
gonistic effect to 2,4-D, the maintenance of cell viability 
and the initiation of organization. 

That lignification is initiated at the point where cells 
are strongly bound to each other, suggests the impor- 
tance of cell association for the induction of OMT ac- 
tivity. Though H~lbr~ et al. [12] reported that 
pheny~~n~e ammonia lyase activity was more active 
in the small aggregates of soybean cells, Verma and 
Huystee [4] found cell association important for the 
quantitative and qualitative differences in peroxidase. 
Using cytochemical enzyme assays De Jong et al. [13] 
also observed that chains of tobacco cells in suspension 
had individual cells in a single aggregate which differed 
greatly in their enzyme activities. The heterogeneity of 

cells in a culture probably is caused by differences in 
the rni~o~nv~~~t of each cell. But the results of 
De Jong et al. strongly suggest that contact between cells 
is more important. Cell association is clearly important 
for several aspects of differentiation; greening [3], vascu- 
larization [4,14], alkaloid syntheses [lS] and phenolic 
syntheses [16-J. 

Henshaw et al. [2] reported high mitotic activity in 
large aggregates of sycamore cells. Our results for DNA, 
RNA, and protein contents also suggest the viability of 
cells in a large aggregate. To activate phenolic, cytokinin 
seems to be required along with cell aggregation. 

Loewenstein and his co-workers [17,18] reported a 
deficiency in the intercellular communication between 
cancer cells, and between that of a normal cell and a 
cancer cell. Fetal calf serum also effects the formation 
of co~uni~tion in some ~brob~ic cells [19]. Inter- 
cellular communication may be important in cultured 
cells of higher plants as well; thus an investigation is 
needed as to whether it is induced by kinetin. 

EXPRRIMENTAL 

Culture c~~it~o~ TSS [20] strain of Nicotiana tag 
var. Bright Yellow was used. Culture conditions were the same 
as in a previous paper IS]. 

Measurement of growth. For fr. wt determination, cells were 
collected by vacuum filtration for 3-5 min and weighed. For 
determination of cell number, aliquots were digested with 5% 
chromic acid-5% HCl, and cell numbers were counted under 
a microscope [Zl]. Lignitied cells were also counted after this 
digestion. 

Fractionation ofcell clusters. Cells free or aggregated were 
fractionated with metal sieves (@5 and 1 mm) into three frac- 
tions; a cell mass <05 mm in diam. (S fraction), a mass of 
05-l mm in diam. (M fraction), and one of more than 1 mm 
in diam. (L fraction). 

DNA, RNA, p~no~ics and protein determ~n~~~. DNA and 
RNA were string after treatment with 5% PCA at PO* 
for 15 min. DNA was estimated by the diphenykunine reaction 
as modified by Burton [22], and RNA was estimated by the 
orcinol reaction [23]. Total phenolic acids were extracted by 
the method of Rhodes and Wooltorton [24] and determined 
by the method of Swain and Hillis [25]. Phenol was used 
as standard. Buffer soluble protein in cells was extracted with 
1OmM Pi buffer (pH 75). The subsequent solution, after cen- 
trifugation for 3dmin at 15000 8, was assayed for protein [26J. 
OMT was extracted and assayed as in a previous paper [5]. 
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