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Localization of vitamin B,; binding in Euglena gracilis
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Different fractionation procedures were used to determine the location of vitamin B, , binding sites in Euglena
gracilis. Using uptake measurements, cell fractionation, and light and electron microscopy, the cuticle of the cell
was found to be the fraction containing the majority of B,, binding sites. The apparent distribution of vitamin
binding sites differed according to the cell lysis method used. The cuticle fraction was responsible for the binding of
809, of the vitamin taken up by the cell during both the rapid and the slow phase of uptake. These results suggest
that vitamin B, , binding is regulated, in part, at the cuticle level, and support our previous conclusion that the
secondary phase of uptake represents the synthesis of new receptor sites and not the unloading of vitamin inside the

cell.

Introduction

Euglena gracilis cells are known to accumulate amounts
of vitamin B, well in excess of their requirements for
growth (Varma ez al., 1961 ; Sarhan et al., 1980). Vitamin
B,, deficiency is associated with several metabolic and
structural changes. During B, , deficiency, protein, RNA
and DNA levels were found to increase (Bertaux &
Valencia, 1971, 1972; Carell et al., 1970). These changes
were associated with modification of the nuclear
(Bertaux et al., 1978) and cuticular structure (Bré &
Lefort-Tran, 1978; Lefort-Tran et al., 1980). A block in
cell division and an increase in cell volume were also
observed (Epstein er al., 1962; Bertaux & Valencia,
1973). A deficiency in vitamin B,, can also affect
chloroplast replication (Lefort-Tran et al., 1980; Carell,
1969; Christopher et al., 1974). Previous reports have
indicated that vitamin B,, bound to the chloroplastic
(Sarhan ez al., 1980; Isegawa et al., 1984), mitochondrial,
microsomal, cytosolic (Isegawa et al., 1984) and cuticle
fractions (Varma et al., 1961; Watanabe et al., 1987).
These discrepancies, which make it difficult to deter-
mine the location and the role of vitamin B,, in E.
gracilis, could be the result of differences in cell
fractionation procedures. In this study, using different
cell lysis methods, light and electron microscopy and
uptake measurements, we were able to determine that in
E. gracilis the cuticle is the main site for vitamin B,,
uptake during both the rapid and the slow phase of
accumulation.
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Methods

Cell culture, lysis, and fractionation. Euglena gracilis strain z (ATCC
12894) was used. Cell culture and uptake measurement of vitamin B, ,
were as previously described (Sarhan et al., 1980). Cells were labelled
with [37Co]B,, (10 ng ml~!; 0-004 uCi ng~!, 148 Bq ng~!; Amersham)
in glutamate buffer (0-018 M-sodium glutamate pH 3-5, 2-5 mM-
histidine. HCI, 2-2 mM-KH,PO,, and 0-056 M-glucose) for a period of
2 min or 4 h to follow the rapid and slow phase of uptake, respectively.
Cells were immediately washed twice with ice-cold buffer to prevent
possible displacement of the vitamin during the secondary uptake
(Sarhan et al., 1980). The wash buffer was either glutamate or Tris/HCl
(0-15m-Tris pH 75, 001 M-KCl, 1 mM-MgCl,, | mM-EDTA and
0-25 M-glucose). Cells were then lysed, in either buffer system, at 4 °C
under dim light to avoid the formation of reactive radicals, by two
different procedures: sonication (Sarhan et al., 1980), or breakage in a
precooled mortar and pestle with glass beads 0-45 mm in diameter. The
lysates were then centrifuged at 4000 g for 10 min. In all cases, the
pellet was suspended in the respective lysate buffer and fractionated on
a sucrose density gradient as previously described (Sarhan et al., 1980).
The 4000 g supernatant was centrifuged for 30 min at 26000g to
separate the bulk of mitochondria, which sedimented to the bottom of
the tube. Polysomes were sedimented from the resulting supernatant by
centrifugation at 195000 ¢ for 90 min. The radioactivity distribution
was estimated for each fraction by liquid scintillation counting as
described previously (Sarhan e al., 1980).

Light and electron microscopy. Preliminary identification of fractions
separated on the sucrose gradients was performed with a Wild M-20
light microscope. Prior to electron microscopy, the fractions containing
glass debris were centrifuged at 10000 g for 15 min over a 1009,
glycerol cushion. This treatment eliminated glass debris and nuclei
while the radioactivity remained at the surface of the glycerol cushion.
For electron microscopy observation, cell fractions were centrifuged
and suspended in 2 ml 5%, (w/v) glutaraldehyde and incubated for 24 h
in the dark. After three washes with Tris buffer (pH 7-5), the fractions



530 M. Houde and F. Sarhan

were suspended for 1 h at 4 °C in 1-5% (w/v) osmium tetroxide. After
centrifugation, the pellet was suspended in 1-5% (w/v) agar at 45 °C
and immediately centrifuged in a benchtop centrifuge. The pellet in
agar was sliced into 1 mm? blocks and dehydrated in an ethanol series
(30, 50, 70, 80, 90 and 959, v/v). The last three treatments were for
30 min in 100%, ethanol. Fractions were then washed twice with 1 ml
propylene oxide and partial embedding was done in 0-5 ml propylene/
Epon (1:1, v/v) for 1 h. The mixture was then replaced with Epon and
agitated for another 30 min. The blocks of agar were then transferred
into moulds, new Epon added and polymerization allowed to proceed
for 48 h at 60 °C. Samples were then prepared for electron microscopy
by ultramicrotomy (LK B) and staining with 0-2%, lead citrate for 2 min.
Samples were then rinsed with 0-1 M-NaOH followed by distilled water
prior to observation with a Philips EM-300 electron microscope.

Results and Discussion

The 4000 g pellet, which consisted of nuclei, cuticles,
chloroplasts and paramylon granules, contained 809, of
the labelled vitamin B,, in both cell lysis procedures
using either buffer system. The residual 209, of
radioactivity was distributed among the mitochondrial,
polysomal and soluble fractions. The distribution of
vitamin B, , after discontinuous sucrose density-gradient
centrifugation of the 4000 g pellets is shown in Table 1. A
major difference was observed between the two cell lysis
methods. When a mortar and pestle was used, most of the
labelled vitamin was found in the pellet, while in the case
of ultrasonication the labelled vitamin was found in the
chloroplast fractions. This indicated that the fraction
binding vitamin B,, may vary in sedimentation coeffi-
cient depending on the method used to break the cells. To
confirm this possibility, the final pellet obtained by
sucrose density-gradient centrifugation of an extract
prepared using a mortar and Tris buffer (this fraction
contained cuticles, paramylon granules, nuclei and
96:5% of the labelled vitamin; Table 1) was homo-
genized together with the chloroplast fraction obtained
by the same procedure. After centrifugation, the com-
bined fractions were treated with ultrasound in gluta-
mate buffer and the distribution of labelled vitamin was
determined on a discontinuous sucrose density gradient.
Such sonic treatment shifted 449 of the radioactivity to
the 1-0-1-5 M-sucrose interface and 149 to the 1-5-2-0 M
interface. This treatment resulted in fragmentation of
nuclei but did not affect paramylon granules, which were
still found intact in the pellet fraction. This result
demonstrates that the cell fraction responsible for
vitamin B,, binding can change from one sucrose

Table 1. Vitamin B, distribution in different sucrose
gradient fractions after cell breakage by two methods

Cells were labelled with [57Co]B,, for 2 min in glutamate buffer
(pH 3-5), washed and suspended in the appropriate buffer. Cells
were broken either by ultrasonication or with a mortar and pestle,
and then pelleted by centrifugation at 4000 g for 10 min. The
pellet, suspended in the appropriate buffer, was layered on a
stepped sucrose density gradient and centrifuged at 72000 g for
45 min. Each interface was then withdrawn, and a sample was
used for radioactivity determination or for identification by light
microscopy. Each value represents the mean of triplicate
determinations from three separate experiments. The SE for each
value did not exceed 109 of the mean. Superscripts: a, Broken
chloroplasts and debris; b, intact chloroplasts; ¢, paramylon and
broken nuclei (and broken glass for the mortar and pestle method);
d, paramylon, cuticle, nuclei and broken glass.

Vitamin B,, distribution (3} of total)

Ultrasonication Mortar and
method pestle method

Glutamate Tris Glutamate Tris
Fraction (pH 3-5) (pH 7-5) (pH 3-5) (pH 7-5)
0-5-1-0m 23 09 0-8 0-7
1-0-1-5M 72:2¢ 294 2:7e 1-20
1-5-2-0M 16:3° 684 21-4 1-1%
Pellet 8-5¢ 2:0¢ 75-5¢ 96-5¢

density band to another according to the procedure used
to lyse the cells.

Light microscopic identification of different cellular
fractions is also shown in Table 1. No cell fraction was
present at the 0-5-1-0 M-sucrose interface. With both cell
lysis methods, intact or broken chloroplasts were always
found at the 1-0-1-5 and 1-5-2-0 M-sucrose interfaces, and
paramylon and nuclei (intact or broken) sedimented to
the bottom of the tube. On the other hand, the cuticles
were found in the pellet when cells were homogenized
with a mortar, while these structures could not be found
by light microscopy when ultrasonication was used.
Fractionation by the latter technique probably sheared
the cell cuticle into fragments that were too small for
identification by light microscopy. We thus used electron
microscopy to identify cuticle fragments in the chloro-
plast fraction obtained by the ultrasonic method at
pH 3-5 (1-0-1-5 M-sucrose interface, containing 729, of
the bound vitamin B, , ; see Table 1). The typical shape of
the cell cuticle is shown in Fig. 1(a). This structure was
found in the chloroplast fraction when cells were broken

Fig. 1. Electron micrographs of an intact cell and of the two cell fractions containing high amounts of bound vitamin B ,. () Intact cell.
Note the structure of the cuticle. Bar, 1 um. (b) Broken chloroplast fraction obtained when cells were broken by ultrasonication (1-0-
1-5 M-sucrose interface in glutamate buffer). Note that several broken cuticle fragments are present within the chloroplast fraction
(arrows). Bar, 1 um. (c) Pellet fraction obtained using the mortar and pestle method in Tris buffer (pH 7-5). Note the high concentration

of cuticle fragments. P, paramylon granule. Bar, 1 um.
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Fig. 2. Time course of vitamin B,, uptake by Euglena gracilis.

with ultrasonic waves (Fig. 15) and in the pellet when the
mortar and pestle method was used (Fig. 1¢). During the
preparation of this pellet for electron microscopy, glass
debris was removed by layering the suspended pellet on a
1009, glycerol cushion as decribed in Methods. This
treatment also eliminated nuclei without loss of radio-
activity, suggesting that nuclei have no binding sites for
vitamin B;,. The only other structures present in this
pellet were paramylon granules (Fig. 1¢), which were
shown not to shift from one sucrose density to another
after sonic treatment. These results indicate that the
cuticle is associated with vitamin B,, accumulation.
Measurement of vitamin B,, uptake by the purified
cuticle fraction showed that it had a high affinity for
vitamin B, , (unpublished results) similar to that of intact
cells (Sarhan er al., 1980).

To determine if vitamin B,, accumulated in the same
fraction after the initial and secondary phase of uptake,
cells were fractionated after incubation with labelled B, ,
for 2 min or 4 h. The time course of vitamin B, uptake
by the cells used for fractionation is shown in Fig. 2. A
fourfold increase in bound vitamin occurred over a 4 h
incubation period as compared with the amount accumu-
lated after a 2min period. This high amount of
accumulated vitamin made it convenient to determine if
the accumulated B, was localized in the same or in a
different subcellular compartment after the secondary
phase of uptake. After a 2 min period, 2-5 x 107 cells
were centrifuged at 4000 g and washed twice with cold
Tris buffer. The cells were broken with a mortar and
pestle and fractionated as described in Methods. Uptake
was followed in the remaining cells for an additional 4 h
incubation, after which another 2-5 x 107 cells were
harvested and fractionated in the same manner. The
distribution of labelled vitamin B;, in the different
fractions is shown in Table 2. The results show that after
both the initial and secondary phases of uptake, most of
the labelled vitamin was present in the cuticle fraction.

Table 2. Distribution of bound vitamin B, after the initial
and secondary phase of uptake

The same number of cells was labelled with [7Co]B, , for 2 min or
4 h in glutamate buffer (pH 3-5). Cells were then washed twice
with ice-cold Tris buffer (pH 7-5) and broken in a mortar and
pestle with glass beads prior to fractionation as described in
Methods. The experiment was repeated three times; typical results
are presented.

Radioactivity (d.p.m.)

Fraction 2 min 4h

Soluble 16874 71162
Ribosomes 6918 31756
Mitochondria 15805 55475
Chloroplasts 3567 14362
Cuticles 153560 615337

Total counts* 196724 788092

* ‘Total counts’ represents over 95%; of the labelled vitamin taken up
by the cells.

The fourfold increase in bound vitamin after 4h
incubation reflects the accumulation of vitamin during
the measurement period (Fig. 2). This result demon-
strates that vitamin B,, binds mainly to the cuticle
fraction without migration inside the cell during the
secondary phase of uptake. When the results are
expressed as a percentage of total bound vitamin, the
different fractions contained the same proportion of
vitamin whether measured after 2min or 4h of
accumulation (from data in Table 2). This indicates that
the protein responsible for vitamin B;, binding is
distributed in the same fashion after both phases of
uptake and that an increased level of receptors must be
present to allow the secondary phase of B,, uptake. This
is in agreement with the earlier finding that receptor sites
are stabilized by the binding of vitamin B;, and that
continuous protein synthesis allows the level of B,
receptor to increase during the secondary phase of B,
uptake (Sarhan et al., 1980; Houde et al., 1989).
Hoffmann & Bouck (1976) reported that vitamin B, is
required for cuticle replication in E. gracilis, possibly by
the formation of new crests by intussusceptive growth.
Vitamin B,, uptake was found to be dependent on de
novo protein synthesis (Houde er al., 1989) and a
glycoprotein was suggested as the factor required for
cuticle stability and replication (Bré & Lefort-Tran,
1978; Lefort-Tran et al., 1980). The large amount of
vitamin B,, accumulated by the cell, and consequently
the high amount of energy required to synthesize
receptor sites with a rapid turnover rate (Houde et al.,
1989), suggests that vitamin B, , plays an important role
in preserving the structural and functional integrity of
the cuticle that enables Euglena cells to grow normally.



References

BERTAUX, O. & VALENCIA, R. (1971). Effets de la carence B12 sur les
cellules synchrones de FEuglena gracilis: blocage de la division
cellulaire, polyploidie et gigantisme. Journal de Physiologie 63, 167A.

BERTAUX, O. & VALENCIA, R. (1972). Effets de la carence B12 sur les
teneurs en protéines, ARN et ADN des cellules de Euglena gracilis en
culture synchrone. Journal de Physiologie 65, 349A-350A.

BERTAUX, O. & VALENCIA, R. (1973). Blocage de 1a division cellulaire et
malformations induites par carence B12 chez des cellules synchrones
de Euglena gracilis Z. Comptes Rendus de I'Académie des Sciences,
Paris 276, 753-756.

BERTAUX, O., MOYNE, G., LAFARGE-FRAYSSINET, C. & VALENCIA, R.
(1978). The nucleus of Euglena. 11. Ultrastructural modifications of
the nucleus of B12-deprived Euglena gracilis Z. Journal of Ultrastruc-
ture Research 62, 251-269.

BrE, M. H. & LEFORT-TRAN, M. (1978). Induction et réversibilité des
événements cuticulaires par carence et réalimentation en vitamine
B12 chez Euglena gracilis. Journal of Ultrastructure Research 64, 362~
376.

CARreLL, E. F. (1969). Studies on chloroplast development and
replication in Euglena. 1. Vitamin B12 and chloroplast replication.
Journal of Cell Biology 41, 431-440.

CARELL, E. F., JOHNSTON, P. L. & CHRISTOPHER, A. R. (1970). Vitamin
B12 and the macromolecular composition of Euglena. Journal of Cell
Biology 47, 525-530.

CHRISTOPHER, A. R., DOBROSIELSKI-VERGONA, K., GOETZ, G., JOHN-
STON, P. L. & CareLL, E. F. (1974). Vitamin B12 and the

Vitamin B, binding in Euglena 533

macromolecular composition of Euglena. Kinetic analysis of the cell
cycle and chloroplast replication. Experimental Cell Research 89,
71-78.

EPSTEIN, S. S., WEISs, J. B., CAUSELEY, D. & BUsH, P. (1962). Influence
of vitamin B12 on the size and growth of Euglena gracilis. Journal of
Protozoology 9, 336-339.

HoFFMANN, C. & Bouck, B. (1976). Immunological and structural
evidence for patterned intussusceptive surface growth in a uni-
cellular organism. A postulated role for submembranous proteins
and microtubules. Journal of Cell Biology 69, 693-715.

HoUDE, M., SARHAN, F. & CHENEVAL, J. P. (1989). Synthesis of
receptor sites for vitamin B12 in Euglena gracilis. Plant and Cell
Physiology 30, 423-428.

ISEGAWA, Y., NAKANO, Y. & KITAOKA, S. (1984). Conversion and
distribution of cobalamin in Euglena gracilis Z, with special reference
to its location and probable function within chloroplasts. Plant
Physiology 76, 814-818.

LEFORT-TRAN, M., BRE, M. H., RANCK, J. L. & PoUPHILE, M. (1980).
Euglena plasma membrane during normal and vitamin Bl2
starvation growth. Journal of Cell Science 41, 245-261.

SARHAN, F., HOUDE, M. & CHENEVAL, J. P. (1980). The role of vitamin
B12 binding in the uptake of the vitamin by Euglena gracilis. Journal
of Protozoology 27, 235-238.

VARMA, T. N. S., ABRAHAM, A. & HANSEN, 1. A. (1961). Accumulation
of [$8Co]vitamin B12 by Euglena gracilis. Journal of Protozoology 8,
212-216.

WATANABE, F., NAKANO, Y. & KITAOKA, S. (1987). Purification and
some properties of cytosolic cobalamin-binding protein in Euglena
gracilis. Biochemical Journal 247, 679-685.



