saka Prafecturae Univarsity
Education and Ressarch Archivas

Ope Q ARRRFI A SHHEEUN I N
[m

Title Isolation of Physiologically Intact Chloroplasts from Euglena gracilis z

SHIGEOKA, Shigeru; YOKOTA, Akiho; NAKANO, Yoshihisa; KITAO

Author (s) KA, Shozaburo
Editor(s)

. . Bulletin of the University of Osaka Prefecture. Ser. B, Agriculture and bi
Citation

ology. 1980, 32, p.37-41

Issue Date | 1980-03-31

URL http://hdl.handle.net/10466/3138

Rights

http://repository.osakafu-u.ac. jp/dspace/




Bull. Univ. Osaka Pref., Ser. B, Vol. 32,
KIRAFLREHE, B - E¥Y, 1980

Isolation of Physiologically Intact Chloroplasts from Euglena gracilis z
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Abstract

Chloroplasts were isolated from E. gracilis z grown on a vitamin B, , limiting medium.
The procedure is consisted of partial trysin digestion of the Euglena cells, subsequent me-
chanical disruption of the cells and collection of chloroplasts by differential centrifugation.
The isolated chloroplasts fixed CO, at a rate of 20 umoles of CO, per mg chlorophyll per
hr, corresponding to one-third of the photosynthetic activity of the original cells. Linear
sucrose density gradient centrifugation of the crude cell homogenate obtained by the diges-
tive method shows that chlorophyll and most of the activity of ribulose biphosphate car-
boxylase cosediment as only one peak to the fraction corresponding to an equilibrium den-
sity of 1.165 g/cm?®. Based on these results we disignate the chloroplasts isolated by the di-
gestive method as the “intact” chloroplasts.

Introduction

Difficulties of isolating intact chloroplasts from photosynthetic organisms have hin-
dered developments of biochemistry in such cells. While chloroplasts have been isolated
intactly from higher plants by a few workers,*2) no one has been able to obtain physio-
logically intact chloroplasts from photosynthetic microorganisms, such as Euglena and
algae.3)

We have already established a method for the isolation of mitochondria with satis-
factory respiratory control and nearly theoretical P/O ratio from E. gracilis.¥ The
method of preparation of fuctionally intact chloroplasts from E. gracilis, described in the
present paper, is an extention of the mitochondrial isolation method.

Materials and Methods

Organism and culture. E: gracilis z was cultured photoheterotrophically under vita-
min B, , -limiting conditions according to Tokunaga et al. 4)
" Preparation of chloroplasts. A partial trypsin digestion of pellicle, cell membrane of
E. gracilis,-and subsequent mild mechnical destruction of the cells having digested pellicle
were employed according to the method of Tokunaga et al¥) with some modifications.
Euglena cells (6 g, wet basis) were suspended in 10 ml of 50 mM potassium phos-
phate buffer (pH 7.0) containing 0.38 M mannitol and digested with 20 mg of trypsin
(Sigma, type III) at 0°C for 1 hr with gentle stirring. The end point of the digestion was
determined by watching the extent of cell disintegration microscopically. The digestion
mixture was centrifuged at 250 X g for 3 min to collect unbroken cells. The cells were
resuspended in 5 ml of 25 mM N-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic acid
(HEPES) buffer (pH 7.4) containing 0.33 M mannitol and 10 mg trypsin inhibitor and the
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suspension was stirred gently for 10 min with magnetic stirrer. The homogenate was cen-
trifuged at 250 X g for 3 min to remove unbroken cells and paramylon and the superna-
tant was carefully decanted and centrifuged at 1,000 X g for 3 min to sediment chloro-
plasts. The pellet was gently suspended in the HEPES buffer containing 0.33 M mannitol
with the use of a very flexible and fine brush and again centrifuged at 1,000 X g for 3
min. The washed chloroplasts were resuspended in the same buffer at a concentration of
about 200 ug chlorophyll per ml.

Linear sucrose density gradient centrifugation. The cell homogenate obtained by the
above method was subjected to linear sucrose density gradient centrifugation as described
previously. 5)

Photosynthetic CO, fixation and ferricyanide reduction. Photosynthetic CO, fixa-
tion and ferricyanide reduction were measured following the procedures reported by
Forsee and Kahn® and Neumann and Drechsler,”) respectively.

Enzyme assays. Succinic semialdehyde dehydrogenase and glucose-6-phosphatase
were assayed by the methods of Tokunaga et al® and de Duve et al9), respectively. The
activity of glutamate dehydrogenase was measured according to Corman and Inamoar.1®
Ribulose biphosphate (Ru-P,) carboxylase was assayed by the method of Rabinowitz et
al.11)

Chlorophyll and protein were determined by the methods of Mackinney!2?) and
Lowry et al!3) | respectively.

Results and Discussion

Table I shows photosynthetic activities of chloroplasts isolated from E. gracilis by
the digestive method. The chloroplasts obtained were capable of fixing CO, at the rate of
20 umoles of CO, per mg chlorophyll per hr. This photosynthetic activity corresponded
to one-third of that of the whole cells used for separation of chloroplasts. In addition,
ferricyanide was not reduced by the chloroplasts at all indicating that this compound did
not penetrate into the organelles. When incubated in the reaction mixture free of man-
nitol, the chloroplasts reduced ferricyanide. The term, “intactness”, is bestowed on chlo-
roplasts which fix CO, actively and into which ferricyanide does not penetrate. 14,15)
Accordingly, chloroplasts isolated from Euglena in the present experiments met these
requirements.

Table I. Photosynthetic activities of isolated chloroplasts

CO, fixation®) 19.8 umol/mg chlorophyll/hr
CO, fixation of original cells 60.0 umol/mg chlorophyll/hr
Ferricyanide reduction Not detected

" a), RU-P, carboxylase activity; 127.4 u mol/mg chlorophyll/hr.

Chloroplasts are divided into six types depending on the integrity of the organelle;
from type A, complete chloroplasts, to type F, sub-chloroplast particles.!4) The chloro-
plasts isolated in the present works is designated as type A chloroplasts because of active
CO, fixation and ferricyanide-resistance.

Integrity of isolated chloroplasts was also examined by linesr sucrose density gradient
centrifugation. If the isolated chloroplasts are undamaged, a stromal enzyme, Ru-P, car-
boxylase, must be held in chloroplasts which migrate in a sucrose density gradient when
the cell homogenate obtained by the digestive distruction of Euglena cells is applied to
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sucrose density gradient centrifugation. In Fig.1, the cell homogenate free of unbroken
cells and paramylon were subjected to 30-45% linear sucrose density gradient centrifuga-
tion. Succinic semialdehyde dehydrogenase, a marker enzyme for mitochondrial®) , gave
a sharp peak of the activity in Fraction 5, corresponding to an equlibrium density of
1.198 g/cm®. A peak of the activity of a microsomal marker enzyme, glucose-6-phospha-
tase,?) was seen at an equilibrium density of 1.13 g/cm®. Glutamate dehydrogenase
which is located solely in the cytosol in E. gracilis'®) showed the activity in Fractions 28
to 38. Chlorophyll showed only one peak at an equlibrium density of 1.165 g/cm?. This
means that none of chloroplasts are broken when isolated from Euglena cells. The major
peak of the activity of Ru-P, carboxylase was present in the same fractions as those of
chlorophyll. About 80% of the enzyme activity applied to the gradient centrifugation
was recovered in the chloroplast fractions. The remaining activity was seen in the cytosol
supernatant. These results indicate that chloroplasts released from Euglena cells maintain
most of the stromal enzyme and that the digestive method employed in the present ex-
periments is excellent for obtaining chloroplasts without damages. Salisburg et al!?) have
reported the separation of chloroplasts of Euglena by isopycnic sedimentation in density
gradient of Ludox AM, a silica sol. However, four chlorophyll-containing fractions were
separated when crude chloroplasts were sedimented into the silica gradient.
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Fig. 1. Separation of chloroplasts isolated from E, gracilis by the digestive method
on linear sucrose density gradient

It is known that individual cell organelles have their own osmotic pressures. The
simultaneous isolation of various cell organelles has been thought to be difficult. In fact,
subcellular localization of glyoxylate aminotransferase of rat liver changes depending on
the sucrose concentration of the tissue-homogenizing medium, 18:19) In the present ex-
periments, however, mitochondria was also isolated intactly, as shown by the distribution
of the activity of succinic semialdehyde dehydrogenase on the sucrose gradient, in spite
of the employment of a mannitol concentration suitable to chloroplasts (Fig.1). This may
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indicate that preservation of intactness of cell organelles is not almost dependent on
osmotic pressure of isolation medium, Mildness of cell disruption must be essential for
the preservation, and the present digestive method satisfies this demand. The simulta-
neous isolation of chloroplasts and mitochondria has been used for the studies of subcel-
lular distribution of enzymes in our laboratory.20-22)
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