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Identification of Regenerable Cells in Mesophyll Protoplast Cultures
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This study was carried out to examine the difference in the cell vitality between mesophyll protoplast (MP) and
paraveinal mesophyll protoplast (PVMP) of Nicotiana tabaccum ‘Xanti’, Petunia hybrida ‘Blue Star’ and
Chrysanthemum morifolium ‘Baeckwang’ by using urea permeability technique. The effects of various enzyme solutions
and incubation time, NAA and thidiazuron on plant regeneration from isolated protoplasts were also invetigated. The
vibratome technique was used for protoplast isolation and urea permeability test because the fresh, living, thin tissue
stripes (50 # m of thickness) could be obtained with minimal damage with the vibratome. For the three plants examined,
the urea permeability on the tested tissue stripes was relatively higher in PVMP than in MP by about Ks = 2.0 x10°
5cm/sec. The treatment of an enzyme mixture of 1.5% cellulase R-10, 1% Driselase, 0.5% Macerozyme R-10, and 0.5%
Pectinase for 4 to 8 h was effective on the isolation of PVMP. The highest frequency of callus formation and plant
regeneration from the isolated protoplasts was obtained with NAA 2 mg/L and thidiazuron 0.01 mg/L. Furthermore, the
results demonstrated that cell devision and plantlet regeneration was more frequent in the PVMP than in the MP of the
same leaf or plant. We, therefore, conclude that PVM is an excellent experimental material for the callus formation and
regeneration from isolated protoplasts.

Key word: Chrysanthemum morifolium, paraveinal mesophyll cell, Petunia hybrida, protoplast isolation, Nicotiana
tabaccum, urea permeability
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Figure 1. Procedures for microsectioning using a vibratome (A) Leaf
segments (1.5X 1.0 cm)form the basal portion of the leaf, lcm above
the petiole attachment point with the lamina: (B)on both sides of
the midvein removed except for 1-2 mm remmant; (C) leaf
segments placed into incisions of the styrofoam black (2X2 mm),
with the alignment of the midveins(Mb)in the center of the black.
In order to obtain longitudinal tissue stripes insert leaf tissue into
the styrofoam horizontally. Lf, leaf segments: St, styrofoam black;
Mb, midvein; Bh, blade holder; Ba, lade.
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Table 1. Enzyme mixtures for protoplast isolation from Nicotiana
tabaccum ‘xanti’, Chrysanthemum morifolium ‘Baeckwang’ and
Petunia hybrida ‘Blue Star’

Enzyme Mixture(%;:w/v)

A B C(%)
Celluase R-10 15 1.0 15
Driselase 1.0 025
Rhozyme 025
Macerozyme R-10 05 08
Pectolyase Y-23 in 0.06 001 0.05

13%(w/v) mannitol




CaCl+ 0.1 %(w/m) bovine serum albumin (BSA)+ 5 mM
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Figure 2. Schematic illustration of step gradient for purification of
Tobacc PVMP. Steps consisted of (1) a mixture of 1.5 ml crude
PVMP suspension in mannitol-buffer medium (containing 04 M
mannitol, 2 mM CaCl 01% BSA and 5 mM HEPES-KOH, pH
70). (2) 05 ml of a mixture of 1.5 parts mannitol-buffer medium
and 2.5 parts sucrose-buffer medium. and (3) 0.5 ml mannitol-
NaCl-buffer medium(containing 0.15 M mannitol, 75 mM NaCl, 2
mM CaCl 0.1% BSA, and 100 mM HEPES-KOH, pH 7.0). After
centrifugation at 150 xg for 10 min. PVMP bander at the upper
interface while MP and cellular debri pelleted.
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Figure 3. Time course of sample graph for urea permeability in mesophyll and paraveinal mesophyll cell of Nicotiana tabaccum ‘Xanti’,
Chrysanthemum morifolium ‘Baeckwang’ and Petunia hybrida ‘Blue Star’.
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Table 2. Enzyme mixtures and incubation times for protoplast
isolation from Nicotiana tabaccum ‘Xanti’, Chrysanthemum
morifolium ‘Baeckwang’ and Petunia hybrida ‘Blue Star’

Plant material Mixture

A B C
Suitable for tobacco leaf mesophyll tissue +++
Suitable for tobacco leaf PVM? +++
Chrysanthemum leaf mesophyll +++
Chrysanthemum leaf PVM +++
Petunia leaf mesophyll +++
Petunia leaf PVM +++ +++
Incubation time(h) 4-8 2-4 3-6

&) Paraveinal mesophyll tissues were sectioned to 100 #m thickness with the
vibratome. Plus sign indicates the best result for protoplast isolation.
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Table 3. Callus formation and plant regeneration from different combination of plant growth regulators in Nicotiana tabaccum ‘Xantf,

Chrysanthemum morifolium ‘Baeckwang’ and Petunia hybrida ‘Blue Star’.

Growth regulator(mg/L) Callus formation(%5) Plant regeneration(%)
NAA Thidiazuron Paraveinal mesophyll Mesophyll Paraveinal mesophyll Mesophyll
Na) Cp Po N C P N C P N C P
0 0.006 0 0-20 0-10 0 0 0 0-10 0 0-10 0-10 0 0
0.010 10-30 0-30 0-30 0 0 0 10-30 0 0-20 0-10 0 0
05 0 20-40 20-40  30-50 0-10 0 0 0 0 0 0 0 0
0.005 20-60 40-60 0-20 10-20 0-10 0-20 20-40 0 0-10 0-10 0 0-5
0.010 20-60 40-60 10-30 20-40 0-10 0-20 20-40 0-2 0-30 0-20 0 0
20 0 60-70 20-40  40-60 0 0 10-30 0 0 0-10 0 0 0
0.005 60-85 30-50 60-80 10-30 0 20-40 3060 010 10-30 0-10 0 020
0.010 60-100 50-80 60-80 10-30 0-20 20-40 40-70 10-30  10-30 0-20 0 0-20

aNicotiana tabaccum ‘Xant?, PChrysanthemum morifolium ‘Baeckwang, Petunia hybrida ‘Blue Star’

Each value is the mean frequency of 10 replicates.
Protoplast density in petri dish was about 1.5x10# protoplast/mL.
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Figure 4. Typical paraveinal mesophyll protoplasts from Petunia
(A), various developmental stage from Tobacco paraveinal
mesophyll protoplasts(B), comparison of mesophyll of protoplasts
(leaf of C) and paraveinal mesophyll protoplasts(right of C),
plantlet formation of Petunia after 3 months in culture(D).
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