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Short Communication

Isolation of Mesophyll Protoplasts from Mature Leaves of
Soybeans'
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ABSTRACT

A procedure based on a combined cellulase-Pectolyase Y-23 enzyme
digestion and metrizmide-sorbitol gradient purification protocol was
developed for isolating mesophyll protoplasts from mature leaves of
soybean (Glycine max L. Menf.). Based on chlorophyll content, this
procedure results in a 10 to 15% protoplast yield from fully expanded
mature leaves and a 20 to 30% yield from young (expanding) leaves
within 3 hours. Isolated protoplasts displayed high rates of HC03--
dependent photosynthesis; greater than 75 micromoles 02 evolved per
milligram chlorophyll per hour at 25°C. This photosynthetic rate is
comparable to that of mesophyll cells isolated mechanically from the
same leaves.

Isolated leaf mesophyll protoplasts have found wide applica-
tion in the study of photosynthesis, cellular metabolism, solute
transport, and metabolite compartmentation (2, 3, 5, 6). Unfor-
tunately, mature leaves of certain important crop species, such
as soybean and sugar beet, have presented problems to many
investigators because of the difficulty in obtaining viable proto-
plasts by enzyme digestion procedures. This report describes a
procedure for the rapid isolation, in high yield, of photosynthet-
ically active mesophyll protoplasts from mature leaves of soy-
bean. This procedure should facilitate cell physiological studies
in species where isolation of protoplasts may be difficult to
achieve.

MATERIALS AND METHODS

Plant Growth Conditions. Soybeans (Glvcine max L. Merr. cv
Wye) were grown in 15-cm pots (two plants per pot) with Metro
Mix 350 (Grace Horticultural and Agricultural Product Co.,
Cambridge, MA) and subirrigated with Hoagland II solution (4).
Plants were grown under the following conditions: 450 ME m 2

s-' (middle canopy level), 12-h photoperiod (23.5°C, light/
18.3°C, dark), and 60 to 70% RH. After 5 weeks, leaves were
taken from the plants less than I h into the light period for
protoplast and cell isolations. Fully expanded leaves, with an
area greater than 50 cm2 per leaflet and containing more than
3.5 mg Chl/g fresh weight, were used as mature leaves, while
leaves less than 12 cm2 per leaflet area and containing less than

' Contribution No. 3357 from Central Research and Development
Department, Experimental Station, E. I. du Pont de Nemours & Com-
pany, Wilmington, DE 19898.

2 mg Chl/g fresh weight leaves were used as immature developing
leaves.

Protoplast and Cell Isolations. Detached leaves were rinsed
with distilled H20, blotted dry, and midribs removed. Leaves
were sliced with a razor blade into 1- to 2-mm strips and placed
in a 0.65 M sorbitol, 10 mM CaC12, 25 mm Hepes (pH 6.0), 0.5
mM DTT holding solution. About 1 g of mature leaf or 0.5 g of
young leaf tissue was used in each preparation. After slicing, leaf
strips were rinsed once with the same holding solution and
incubated after 30 s vacuum infiltration with 25 ml of cell wall
digestion enzyme mixture consisting of 2% purified cellulase
CELF (Worthington Diagnostics, NJ), 0.1% Pectolyase Y-23
(Seishin Pharmaceutical Co., Japan), 0.75 M mannitol, 0.2 mm
CaCI2, 0.1 % BSA, and 0.5 mm DTT at pH 5.5 for 90 to 120 min
with constant shaking (50 cycles/min) at 30°C. Digested tissue
samples were filtered through a 150-,gm nylon mesh and rinsed
once with 30 ml of the holding solution. Crude protoplasts were
spun from the filtrate at 150g for 3 min. After two washes with
the holding solution, 5 ml of crude protoplast suspension were
layered on the top of a metrizamide-sorbitol gradient for purifi-
cation. The gradient consisted of 6 ml each of 0.2 M metriza-
mide-0.39 M sorbitol, 0.1 M metrizamide-0.52 M sorbitol, and
0.05 M metrizamide-0.585 M sorbitol in 10 mM CaCl2 and 25
mM Mes (pH 6.0). Purified protoplasts were collected at the
bottom interface for the mature leaf and next to the bottom
interface for the young leaf after the gradient was centrifuged at
150g for 3 min. Purified protoplasts were pelleted by adding 20
ml of holding solution and centrifuging at lOOg for 3 min. With
the exception of incubation, all procedures were performed at
room temperature. All solutions used were sterilized by passing
them through a 0.45-tsm Millipore filter.

Mesophyll cells were mechanically isolated according to the
method of Schwenk (7). Counts of protoplasts and cells were
made using a Hausser Hy-Lite Ultra Place counting chamber
(Arthur Thomas Co., PA).

Photosynthesis Assay and Chl Determination. HCO3Q-depend-
ent O0 evolution by isolated protoplasts and cells was measured
at 25°C according to the procedure of Edwards et al. (2). Each
assay contained 15 to 20 gsg Chl of protoplasts or cells. For
comparison, some cells were assayed in the absence of sorbitol
with 25 mm Hepes-NaOH, pH 7.55. Chl content of protoplasts
and cells was determined by the method of Amon (1). Chi was
also extracted from about 0.1 g fresh weight leaf tissue with 5 ml
of 80% acetone and determined by the same method (1).

RESULTS AND DISCUSSION

Figure I (A and B) shows that the protoplasts isolated from
mature leaves by this method were more than twice the size of
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FIG. 1. Light micrographs of mesophyll protoplasts and cells isolated from soybean leaves. A, Protoplasts from mature leaves; B, protoplasts
from young leaves; C, cells from mature leaves; D, cells from young leaves.
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Table I. Comparison ofPhotosvnthesis, Chl Content, and Yield of
Protoplasts and Cells Isolatedfrom Soybean Leaves

02 Evolution Chl/Protoplasts Yield
or Cells

,gmol/mg Chl h Ag/l06 %
Mature leaves

Protoplasts 85a 90 11
Cells goa 87 6

70b
Tissue 3.7c

Young leaves
Protoplasts 82a 14 30
Cells 85a 15 14

75b
Tissue 2.Oc

a Assayed in 0.6 M sorbitol, 25 mM Hepes-NaOH (pH 7.55).
b Assayed in 25 mm Hepes-NaOH (pH 7.55) minus sorbitol.
c mg Chl/g fresh weight.

those isolated from young leaves and contained a 6-fold higher
Chl content per protoplast (Table I). Similar results were found
with mechanically isolated cells (Fig. 1, C and D; Table I).

Protoplasts isolated by this method were capable of relatively
high rates of HCO3c-dependent 02 evolution (Table I). Photo-
synthetic activities per unit Chl were the same in all protoplast
and cell populations isolated from both mature and young leaves.
However, as expected, since mature leaf cells contained higher
amounts of Chl (Table I), the photosynthetic activity per cell
unit was higher in mature leaves than in the young leaves. Table
I also shows that photosynthetic activity in isolated cells was not

affected by high osmoticum (it was even slightly stimulated).
Based on the Chl content in the starting leaf material and final
protoplast and cell preparations (Table I), the yield of protoplasts
per g leaf tissue was estimated to be about 10% and 30% for
mature and young leaves, respectively.
The described method was also used to isolate successfully

mesophyll protoplasts from mature leaves of sugar beet, cotton,
peanut, and tobacco (data not shown).

In conclusion, the described method is satisfactory for the
isolation of protoplasts with high photosynthetic activities from
several mature leaf tissues. This method should be a valuable
tool to facilitate the study of several physiological processes in
plant tissues.
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