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Abstract

Changes of nulear histones and RNA synthesis activity in rooting regions
of mungbean (Vigna radicata L.) hypocotyl cuttings have been studied by light
microscopic cytochemical methods, There was no marked difference in histone
composition of nuclei of all tissues at the rooting regions when cuttings were
made, however, after 24-48hr, the phloem parenchyma of potential rooting
zones might have more lysine-rich histones as shown by eosin Y-fast green
and ammonical silver reactions, There was more RNA synthesis activity in
these potential rooting zones before any defined root primordium occurred.
The phloem parenchyma of non-potential rooting zones and the adjacent cortical
tissues, however, still showed same responses in cytochemical reactions as in
Ohr, and were quite inactive in RNA synthesis.

Introduction

Eukaryotic nuclei contain considerable amounts of histones associated with

nucleic acids. Apart from their role as structural proteins (Alfert and Ges-
chwind, 1953), histones have been considered to be candidates for the regulation
of gene expression (Georgiev ef al., 1966; Huang and Bonner, 1962; Stedman
and Stedman, 1950). Changes in the nuclear histone pattern in a variety of
animal developmental systems have been reported (Alfert, 1960; Block and
Brack, 1964; Bloch, 1966b; Bloch and Hew, 190; Claypool and Bloch, 1967). In
plant morphogenetic systems, histone changes based on histochemical staining
reactions have been observed during floral induction (Gifford, 1964; Gifford
and Nitsch, 1970; Gifford and Tepper, 1961, 1962; Knox and Evans, 1966), bud
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activation (Chang, 1970; Dwivedi and Naylor, 1968), leaf initiation (Evans,
1970), pollen nuclear differentiation (Sauter, 1969), root differentiation (Kus-
anagi Yanagi, 1970) and in the growth of suspension cultured cells (Arima
and Kusanagi, 1975).

In histochemical studies on root initiation of mungbean cuttings a buildup
of RNA and protein in the loci of root initiation appeared before formation
of organized root primordia (Chang, unpublished), and puromycin inhibited
this early metabolic activity (Chang, unpublished). Using antimetabolites of
RNA synthesis, Jalouzot (1979) demonstrated that an early RNA synthesis
was essential for the root initiation process. Thus. remeristemation of usually
non-dividing cells of the potential rooting loci in the early stage of root
initiation might involve gene activation. In this paper we report on the
cytochemical specificity in nuclear histone and RNA synthesis activities of
root initials during early stages of adventitious root formation in mungbean
hypocotyl cuttings.

Material and Methods

Preparation of plant material

Seeds of mungbean (Vigna radicata L.) were surface sterilized in 10%
commercial Chlorox for 15 min., rinsed, and soaked in distilled water for 24 hr.
Imbibed seeds were planted in peat moss and grown in a growth chamber at
26 C with a 12-hr photoperiod for 8 days. Cuttings were made by removing
cotyledons and cutting off the root system 2cm below the cotyledonary node.
Thus, the cuttings consisted of 2cm of hypocotyl, about 3cm epicotyl, a
pair of primary leaves and small terminal meristem, The basal end of each
cutting was submerged in a 50-ml beaker containing 6 ml distilled water with
1ppm CuSOQ, as an antiseptic. The basal 5mm segments of the cuttings were
excised at various time intervals, fixed in 102 neutral buffered formalin for
24 hr under partial vacuum, dehydrated in an ETOH-TBA series, embedded in
Tissuemat and sectioned transversely at 10 .

Cytochemistry and microspectrophotometry

Pyronin Y staining (Tepper and Gifford, 1962) was employed for his-
tological observation and for demonstrating RNA accumulation. For cytoche-
mical specificity in nuclear histones, the following two established staining
procedures were used: (1) ammonical silver reaction (Black and Ansley,
1964): deparaffinized sections were immersed in 1024 acetate-neutralized forma-
lin for 1hr at room temperature. After a thorough rinse in distilled water,
sections were stained for 10 min in an ammonical silver solution, which was
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freshly prepared by adding dropwise 102 silver nitrate to 4 ml of concentrated
ammonium 'hydroXide tintil a persistent turbidity was obtained: The sections
then were thoroughly rinse in distilled water, immersed in 8% formalin for a
few minutes, dehydrated through a graded ethanol series; cleared in' xylene,
and mounted. (2) Eosin Y-fast green procedure after Bloch (1966a): depar-
affinized sections were hydrolyzed for 15min in 5% trichloroacetic acid (TCA)
at 90 C to remove nucleic acids. The slides were rinsed three times in dis-
tilled water and then stained in 0.1% fast green FCF in 0.07 M tris-HCI buffer
at pH 8.3 at 4 C. They were subsequently stained in mixture of 0.05% fast
green FCF and 0.595 eosin Y in the same buffer at 4 C. The ‘sections were
then differentiated  in' the same Ccool buffer and 7025 ethanol before bemg
mounted

To check the validity of the above differential staining, the stepwise
of histone prior to 'staiﬁing was done according ‘to the procedure of Littau
et al., (1965). The acetylation technique (Deitch, 1966) was - also employed to
block lysine amino groups before conducting histone stainings. ‘

The absorption spectra of nuclei stained ‘by ‘the eosin Y-fast green pro-
cedure and the relative amount of RNA of cells treated by the pyronin Y
procedure were scanned and measured with a microspectrophotometer. In the
case of the eosin Y-fast green procedure; the Egg and Egq of a plug (12:5 u2 )
‘ehrough each nucleus were measured for calculatmg Esss/Eeso value,

?Iur,-uridz'ne hyistoajutomdiography

* After hypocotyl cuttings were made the base ends of hypocotyl cuttings
were dxpped in 5/.cc/ml sH.uridine (S. A. 10 ¢/mmole, The Radiochemical Center,
Amersham UK) at various stages for 2hr. The basal 5mm segments ‘of “the
cuttmgs were excised and fixed, dehydrated and embedded in Tissuemat for
p’fepar'atidn of 10 4 sections. Depafaﬁinized and hidr’a‘éed”sectmns were coated
with' Iiford L4 emulsion and autoradlographed for 21 days. Autoradiogram
were deveIoped and stained with pyronm Y (Tepper and Glfford 1962)

Results

sttology of the. aa’ventztzous root formatzon and pyronin YRNA cytophotometry

«Adventitious'roots were visible at:'the basal ends: of hypocetyl cuttings
4 days -after the cuttings were planted in' water; These advéntitious roots
occurred 1 four rows (Fig. 1A) and the roots were associated with:-4 pairs of
vascular ‘traces of primary leaves and: cotyledons (Fig. 1A): Outward: from
and between the two bundles of vessels “associated  with leaf vascular - traces
were five to ten large phloem parenchymal cells (Fig: 1B). These cells -were
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Transverse sections of the basal end of mungbean hypocotyl:cutting illustrat-
ing the early development of of adventitious -root primordia: . (A) 72-hr
cutting showing the four primordia, X128, (B) ¢-hr cutting showing potential
rooting zones within. the marked cycle, X128, (C) a higher magnification of
the area‘circled in B in Q-hr cutting, X1028, (D) root initial'in 48-hr cutting,

X1028. - Sections were stained with pyronin Y}

thus the dense color areas
represent ‘greater ‘RNA ‘accumulation.
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usuallyw between rows of smaller phloem cells, including the sieve tubes.
These prhloem parenchyma cells were the tissue from which a root initial
might form (Fig. 1B, C). Twenty-four to 48 hr after the cuttings were made,
cells of the potential rooting zones increased considerably in size and had
enlarged nuclei, nucleoli and dense cytoplasm (Fig. 1D). This might be con-
sidered as a part of the dedifferentiation or remeristematization phase of
adventitious root initiation.

Cell division occurred about 24-48 hr after the cuttings were made, and
tissues with definite root primordia developed within 48-72hr. In phloem
parenchyma of 0-hr cuttings, the light pink coloration of the cytoplasm as
showed by pyroniophilia indicated a low concentration of RNA throughout
the tissue (Table 1). An increasing pyroniophilia was observed in potential
rooting zones of 24-48 hr cuttings, while the phloem parenchyma of nonpotential
rooting zones still stained a light pink color (Table 1). This pattern of
increasing pyroniophilia persisted throughout the potential rooting zones and
was seen in young primordia sampled on later days. No RNA buildup was
found in adjacent cortical and phloem ray parenchyma.

Cytochemical variations of nuclear histone dye binding

By the ammonical silver reaction most nuclei in the cortex and phloem
parenchyma of both potential rooting zones and non-potential rooting zones
at 0 hr stained brown-black, while all the phloem ray parenchyma of potential
rooting zones, root initials formed in 24 hr samples and root primordia formed
at later hours stained yellow brown (Table 2). According to Black and Ansley
(1966), the brown-black staining might be due to the quanido e-amino groups
groups of lysine.

Table 1. RNA concentrations (pyronin Y-RNA cytophotometry) in root
initials, primordia and adjacent tissues in the basal ends of
hypocotyl cuttings of mungbean

OD;;O PEI}'I plug (112.5 )
Tissue through cytoplasm
o | 1 8 | 72 | 96hr
Phloem parenchyma of potential rooting 0.31 ‘ 0.45 —_ — —
zone [
Root primordia — l — 0.95 i 0.84 0.89
Phloem parenchyma of non-potential rooting 0.34 ‘ 0.36 0.30 ‘ 0.41 0.37
zong \
Cortical tissue 0.25 | 021 | 029 , 023 | 027

Bloch’s eosin Y-fast green method produced green-stained nuclei in zero
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hr samples. In the 24-48hr samples, a few nuclei in the potential rooting
zone stained eosinophilic with deep pink nucleoli, The nuclei of meristematic
cells of developing root primordia stained pink-purple, while the cortex of
mother root tissue stained green (Table 2). According to Bloch (1966a) when
the dye were allowed to compete with one another, the eosin Y and fast green
bond preferentially to lysine-rich and arginine-rich histones respectively, Thus
most of the cells in our samples contained both lysin-rich and arginine-rich
histones. The intensity of the eosinophilic staining increased in the nuclei of
the differentiated cells of the potential rooting zones, suggesting that more
lysine-rich histones were available for eosin Y binding in these cells than in
the adjacent nondivided cells.

After acetylation and staining with the eosin Y-fast green procedure, the
phloem parenchyma cells of potential rooting zones, root initials and primordia
were exclusively affected and almost completely lost their dye binding ability.
In the stepwise extraction of nuclear histones the following results were
obtained: when the ethanol concentration was adjusted to 7025, the nuclei of
cortical tissue and phloem parenchyma in non-potential rooting zones became
unstainable with fast green in eosin Y-fast green and ammonical silver reac-
tions. But the root initials and primordia still stained clearly. When the
ethanol concentration was adjusted to 30%, root initials and primordia began

1.5 T ¥ T
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Fig. 2. Absorption spectra of nuclear histones of adventitious
root initial (A), adjacent cortical cells (B) and phloem
in non-potential rooting zones (C) stained by the eosin
Y-fast green procedure.
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losing their dye-binding ability. According to John et al. (1960), in the step-
wise extraction process, arginine-rich histones were extracted when the ethanol
concentration was 80%, and lysine-rich histones were extracted when the
ethanol concentration went down to 302 (John ef al., 1960; Littau ef al., 1965;
Yanagi and Kusangi, (1970). Thus the information obtained by cytochemical
tests suggested that the nuclei of root initials in the potential rooting zones
and the nuclei of root primordia contained mainly lysine-rich histone available
for dye binding, while the nuclei of cortical tissue and phloem parenchyma
in the non-potential rooting zones contained mainly arginine-rich histones.

Cytophotometry of the eosin Y-fast green reaction

The absorption spectra of nuclei of root initals, primordia and adjacent
cortical cells showed that the nuclei of root initials and primordia were more
eosinophilic than that of non-divided phloem parenchyma and the cortical
tissue (Fig. 2). The ratio of the mean Ejs/Eqy and the standard error (Table
. 3) demonstrated that great differences in the cytochemical nature of nuclear
histone occurred in the nuclei of different kinds of tissue during adventitious
root initiation.

Table 3. Mean ratios of extinction at 535 and 640 nm and their
standard errors for nuclei of different kinds of tissue during
early stages of adventitious root formation

mean Egg/Eg p-standard error

Tissue
0hr 24 hr 48 hr
Phloem parenchyma of potential rooting zone 0.424£0.09 | 0.974£0.10 —
Formed root initials and primordia — — 0.9940.14

Phloem parenchyma of non-potential rooting zone | 0.51:0.13
Cortical tissues 0.49:0.09

0.53::0.16 | 0.49+£0.08
0.51£0.17 | 0.534:0.14

Table 4. Incorporation of *H-uridine into nuclei of different
tissues in the rooting portion of cuttings at early
stages of adventitious roof initiation

Average grains/cell

Tissue ; ‘
0 hr f 24 hr ‘ 48 hr
Phloem parenchyma of potential rooting zones 41.2 2135 -
Root initials - — 276.8
Phloem parenchyma of non-potential rooting zones 49.6 60.3 62.1
Cortical cells 29,1 35.2 37.7
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EH-uridine histoautoradiography

"RNA synthesis activities of the nuclei of different kinds of tissues were
demonstrated by *H- ur1d1ne histoautoradiography. The con51derab1e amount of
$H-uridine was mcorporated mto the ‘phloem parenchyma of potential rooting
zones at 24 hr after cuttings were made, and in the root initials (Table 4).
Only shghtly 1ncorporatlon was found in the cells of adjacent cortlcal ‘tissues
and phloem parenchyma at non-potential rooting zones.

Discussion

During the early period of adventitious root initiation of mungbean hypo’-
cotyl ‘cuttings, stainable histones -were: identified - only in nuclei.. There was
no-evidence of cytoplasmic ‘histone stéining as recorded by Gifford (1964)-in
Xanthium and-Knox and Evans (1966) in Lolium. Results of the cytochemical
studies indicated’ that there were remarkable histone ‘changes in ‘the nuclei of
‘the phloem parenchyma in the potential rooting zones and the forming root
initials. i Thelack of staining observed following acetylation suggested that the
most of the histones present in the phloem parenchyma of potential rooting
zones of 24 hr samples, the initials and the primordia were lysine-rich {Table
2).  Results of stepwise extraction prior. staining by the eosin -Y-fast green
method supported this ﬁndmg

Interestingly  the. eosin Yfast green method stamed some ‘meristematic
nuclei eos1noph1hc (pink), whﬂe adjacent cell nuclei in ' 24'hr or 48 hr ~ samples
were unaffected; -1t was reported by Bloch:(1966) that the eosin Y and fast
green bound preferentially to  lysine and arginine-rich histones respectively,
when the dyes were permitted to compete with one another. Thus, most of
the cells in the rooting region contained: both lysine-rich “and arginine-rich
histones. The increased intensity of the eosinophilic staining in nuclei of the
meristemic cells of the potential rooting zones indicated that more lysine-rich
histones were available for eosin Y binding in these than in the adjacent cor-
tical cells; Thisrmight suggest that dedifferentiation or the remeristematiza-
tion-stage of early adventitious root initiation involved histone differentiation,
with - more. lysine-rich histones available. for, dye -binding -at this 'time,
M‘oreover, there “was marked correlation “dmong RNA synthesis activity,
amount of  pyronin Y binding and eosinophilic of ‘the nuclei of each  tissue
(Table 1, 2, 3, 4).

The eosinophilic staining of lysinie-rich proteinin® the tooting region of
hypocotyl cutting was also of interest because of the proposed: role of f;-
histones (lysine-rich histones) in gene regulation (Georgiev et al., 1966).
Removal of Iysiyne-rich,his’tone (f-histones) resulted in a significant increase
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in template activity (Georgiv, 1969; Georgiev ef al., 1966). Furthermore, lysine-
rich histones crosslinked with chromatin fibrils might be the most probable
cause of dense, inactive chromatin (Stedman and Stedman and Stedman, 1950).
A pronounced eosinophilic nature might mean an increase in the absolute
amount of lysine-rich histones in the nuclei, or that more lysine-rich histones
were free from DNA binding.

It is worthy recalling here that the nuclei of meristematic cells of garlic
roots were highly eosinophilic and exhibited a lack of response to fast green
whereas the nuclei of well differentiated or elongated cells had a high affinity
for fast green as reported by Kusagi and Yanagi (1970).

As to the role of histones in adventitious root initiation, it is interesting
to note that exogenous histones applied at 100 mg/ml inhibited the rooting of
Cicer arietinum cuttings (Jalouzot, 1970).
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