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Euglena is a common photosynthetic protist, useful as teaching material in biology at secondary

and tertiary levels, because it has some unique features of interest to students. Euglena can be

cultured in an inorganic medium (HYPONEX solution) without contamination by heterotrophic

microorganisms, rendering it suitable for experiments on photosynthesis. In this study, we immo-

bilized Euglena cells in calcium alginate gel beads (“Euglena beads”), facilitating their repeated use

in experiments on photosynthesis. In this immobilized state, Euglena could propagate could re-

produce in 0.1% HYPONEX solution and gradually turned green under the culture conditions.

The Eugena beads were demonstrated to be a useful substitute for aquatic plants, such as Elodea

and Cabomba, in the qualitative experiments in which a pH indicator was used to detect photosyn-

thetic CO2 consumption. Euglena beads cultured for 30 days had sufficient photosynthetic activ-

ity to allow measurement of photosynthetic rates within 30 minutes.

Keywords: calcium alginate gel beads, Euglena, immobilization, laboratory exercise, photosynthe-

sis, secondary school biology.
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INTRODUCTION

As land dwellers, we are familiar with ter-

restrial plants as photosynthetic organisms and, at

primary and secondary levels, photosynthesis is

usually taught using them as examples. At the

secondary level, even when students study pho-

tosynthesis in aquatic ecosystems, aquatic plants,

such as Elodea and Cabomba (Crawford, 2005;

Adams et al., 2012), have usually been employed.

However, in aquatic ecosystems algae are also

important primary producers (Sze, 1997).

Therefore, practical classes using algae are im-

portant for secondary students in understanding

global ecosystems. Hull (1966) indicated that

cultured unicellular microalgae can be used in

laboratory exercises of plant physiology, includ-

ing photosynthesis. However, in practice, this

has not often been adopted.

Usually, the isolation and pure culture of

microalgae is demanding for student experiments,

and a convenient method for culturing microalgae

in the school laboratory setting (e.g., Hull, 1966)

would be valuable. However, most species are

not easy to be cultured, with Euglena being an

exception for which simple methods have been

developed (e.g., Flinn Scientific, see Website list).

Koizumi and Mikami (1976) proposed a simpli-

fied culture method for Euglena, using only

HYPONEX powder, which is available at any

gardening shop. Euglena is a common photo-
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synthetic protist with some well-known unique

features making it useful as teaching material in

biology. It is now familiar to people because it

has been used as a nutrient supplement, as an in-

gredient in foods, and for producing biodiesel and

jet fuel. Therefore, the use of this alga for biol-

ogy laboratory exercises may stimulate students’

interest.

In this study, we aimed to use Euglena to

inform students that not only higher aquatic

plants, but also microalgae, are major producers

in freshwater ecosystems. However, there are

problems with using Euglena cell suspension for

detecting/measuring photosynthesis. A major

problem is that when cell suspensions are used, it

is difficult to harvest the cells for reuse, meaning

that we must prepare a large amount of Euglena

suspension for each experiment. To solve this

problem, we introduced an immobilization tech-

nique, which allows us to use the same Euglena

cells repeatedly. Tamponnet et al. (1985)

showed that Euglena cells immobilized in a cal-

cium alginate matrix maintained photosynthetic

activity and ultrastructural integrity. After im-

mobilizing Euglena cells in calcium alginate gel

beads, we examined whether the immobilized

Euglena could reproduce and whether such “Eu-

glena beads” could be used for the qualitative and

quantitative experiments commonly carried out in

secondary schools in Japan.

MATERIALS AND METHODS

Euglena cell culture

For culturing Euglena cells, we used a 0.1%

solution of HYPONEX powder (N:K:P = 6:10:5,

HYPONEX Corporation), hereafter referred as

“Hyponex medium” as described by Koizumi and

Mikami (1976) (See Note1). Cells of Euglena

gracilis Klebs from Mikami’s laboratory at the

Miyagi University of Education, were cultured in

flasks containing 250 cm3 Hyponex medium in an

incubator at 20°C under a light intensity of 40 -

50 μmol/m2/s with a 12:12 h light:dark photope-

riod. At 7-week intervals, a 2.5 cm3 cell sus-

pension was inoculated into 250 cm3 of fresh

Hyponex medium.

Immobilization of Euglena cells and culturing

Euglena beads

Euglena cells were immobilized by Matsuda’s

(1994) method. To 120 cm3 of mature (7-week-

old) cell suspension, 1.5 g of sodium alginate

(Wako Pure Chemicals) was added, and the solu-

tion was stirred gently until the powders were

dissolved completely. It was dripped from a pi-

pette (bore size approximately 2 mm diameter)

into cool 5% calcium chloride solution with gen-

tle stirring. As a result, about 1800 Euglena

beads were made from 120 cm3 of mixture. Af-

ter standing in 5% calcium chloride solution for

30 minutes, the Euglena beads were washed three

times with distilled water. The beads were then

put into flasks containing 200 cm3 of Hyponex

medium and cultured in a incubator.

After a day, they were transferred to fresh

Hyponex medium including 0.03 M KHCO3 and

exposed to high intensity light (200 μmol/m2/s)

for two hours in order to promote photosynthesis,

and then transferred to 200 cm3 of fresh Hyponex

medium before returned to the incubator. This

high-intensity-light treatment was repeated every

10 days during the experiment.

Calcium alginate gel beads lacking Euglena

cells, but otherwise identical, were used as a con-

trol.

Qualitative experiment on photosynthesis using

Euglena beads

In qualitative experiments on photosynthesis

commonly carried out in junior high school sci-

ence classes in Japan (Yamazaki and Tahara,

1998), the Euglena beads were used instead of

water plants. Bromothymol blue (BTB), a pH

indicator, was used for detecting photosynthetic

CO2 consumption (See Note 2). To 200 cm3 of 1

mM KHCO3 solution, 5 cm3 of BTB stock solu-
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Figure 1: Vials immersed in 20°C

water and illuminated by an OHP

tion (0.04 w/v%) was added. At this point, the

color of this alkaline mixture solution was blue.

Then, exhaled air was blown in for about 30 sec-

onds until the mixture turned green (“BTB solu-

tion”).

About 300 Euglena beads or control beads,

cultured for more than 30 days, were washed

twice with BTB solution and kept in 200 cm3

BTB solution for about two hours to equalize the

pH inside the beads. The beads were then

transferred into respective 20 cm3 vials of BTB

solution and the vials sealed, with care to avoid

air bubbles. For each of three samples, the Eu-

glena beads, the control beads, and the blank test

(BTB solution only), three vials were placed in

high-wall Petri dishes with 20°C water, placed on

an OHP (FUJIX EZ-2) and illuminated for 60

minutes. Sheets of paraffin paper between the

Petri dishes and the OHP glass deck were ad-

justed to light intensity of 300 - 350 μmol/m2/s

(Fig. 1). The vials were lightly shaken by hand

once every five minutes. The color of the BTB

solution was observed at 15-minute intervals by

placing the vials on white paper.

Measurements of the photosynthetic and respi-

ration rates of Euglena beads

The photosynthetic O2 production and the

respiratory O2 consumption of cultured Euglena

beads were measured with the Productmeter

(Yokohama et al., 1980). The amount of O2 was

calculated according to the method of Yokohama

et al. (1986).

About 150 each of the Euglena beads and

the control beads were put into the reaction vessel

and the compensation vessel of the Productmeter,

respectively. To each vessel, 7.5 cm3 of Hy-

ponex medium and 0.5 cm3 of 0.5 M KHCO3 so-

lution were added, giving a final concentration of

KHCO3 of 0.03 M. The vessels of the Product-

meter were immersed in a water bath with tem-

perature controlled by a circulator (COOLNIT

CL-150F, TAITEC) and mechanically shaken

continuously. The light source was a slide pro-

jector (S-300, ELMO), with the intensity adjusted

by measuring the photon flux density with a pho-

tometer (MEMORY SENSOR MES-101, Koito

Industry).

After each measurement, the Euglena beads

and the control beads were washed twice with

fresh Hyponex medium prior to reuse. After a

series of measurements, the beads were put into

flasks containing 200 cm3 of Hyponex medium

and cultured in the incubator until required for

further experiments.

RESULTS

Euglena can reproduce in an immobilized state

Under the culture conditions, Euglena beads

(Fig. 2) gradually turned green. Thirty days af-

ter starting the culture, their green color became

deeper (Fig. 3). Microscopic observation con-

firmed that the cells had formed many colonies

(Figs. 4 and 5). The beads did not disintegrate

at least for two months, and few Euglena cells

were lost from the beads during the culture pe-

riod.

Qualitative experiment on photosynthesis using

Euglena beads

Figure 6 shows Euglena beads (left), control

beads (center) and a blank test (right). Under

illumination, the color of the BTB solution in the
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５ cm

Figure 2: Euglena beads (left) and control
beads (right) before culturing

５ cm

Figure 3: Euglena beads (left) and control
beads (right) cultured for 30 days

１ mm

Figure 4: A micrograph of Euglena beads

before culturing (×10)

Some black globules seen in the beads are
bubbles. The Euglena cells are smaller
brown grains.

１ mm

Figure 5: A micrograph of Euglena beads
cultured for 30 days (×10)

Many colonies of Euglena cells are formed
in the gel matrix of the beads.

Figure 6: Changes in the color of the BTB solution

A: At the beginning, B: Under light illumination for 30 minutes, C: Under light illumination for 45
minutes. Euglena beads are on the left, control beads are in the center, and a blank test is on the
right.

vial containing the Euglena beads changed from

green to blue-green within 30 minutes (Fig. 6B),

and to blue within 45 minutes (Fig. 6C). Con-

trol beads and the blank did not change color.

The change from green to blue indicates the con-

sumption of dissolved CO2 in the BTB solution

(See Note 2), confirming that the Euglena cells in

the beads consumed CO2 through photosynthesis.

Changes in the photosynthetic oxygen produc-

tion of Euglena beads during culturing

The change in the photosynthetic oxygen

production of Euglena beads (about 150 beads) in

culture was examined. Initially, the photosyn-

thetic oxygen production was 10.0±3.9 μl O2/h.

Twenty days later it increased by almost eight

times. Furthermore, the photosynthetic oxygen

production of 30-day-old Euglena beads was

nearly two times higher than that of 20-day-old

A B C
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Figure 7: Changes in the photosynthetic
oxygen production of Euglena beads in
culture

The measurements were done under the
light intensity of 200 μmol/m2/s at 30°C.
The Euglena beads (approx. 150) were used
repeatedly for measurement.

ones (Fig. 7). This increase in oxygen produc-

tion in culture resulted from the reproduction of

Euglena cells in the gel beads.

Photosynthetic curve of Euglena beads

The photosynthesis-light curve (Fig. 8) and

the photosynthesis-temperature and respiration-

temperature curves (Fig. 9) were obtained by us-

ing 30-day-old Euglena beads. Light saturation

at 30°C occurred at around 300 μmol/m2/s (Fig.

8). The optimum temperature for photosynthe-

sis at the light intensity of 200 μmol/m2/s was at

around 20 - 30°C (Fig. 9).

DISCUSSION

Euglena cells possess many features that

make them useful in biology education. These

include: 1) they can be observed under a

low-power microscope; 2) they can swim by

means of a flagellum and execute phototactic re-

sponses; 3) they can change cell shape; 4) they

have chlorophyll a and b, like green plants,

though its major photosynthetic product is not

starch; 5) under inappropriate growth conditions

they can encyst, while under appropriate growth
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Figure 8: Photosynthesis-light curve of Eu-
glena beads

The measurements were carried out at 30 ºC.
The Euglena beads (approx. 150) were used
repeatedly for measurement.
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Figure 9: The photosynthesis-temperature
curve and respiration-temperature curve
of Euglena beads

The measurements of photosynthesis were car-
ried out at a light intensity of 200 μmol/m2/s.
The measurements of respiration were carried
out in dark conditions. The Euglena beads
(approx. 150) were used repeatedly for meas-
urement.
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conditions they can reproduce rapidly and form

water-blooms; and 6) they sometimes accumulate

huge amounts of carotenoid pigments and be-

come reddish. Therefore, this microalga can be

used for a variety of student exercises in biology,

not only for microscopic observation, but also for

experiments on phototaxis (Espey, see Website

list) and population growth (Oswald and

Kwiatkowski, 2011). It also has the potential to

be used for environmental monitoring in envi-

ronmental education (Danilov and Ekelund, 2001;

Ahmed and Häder, 2010). However, no report

on the use of this organism for a secondary stu-

dent laboratory exercise on photosynthesis has

been published. This is possibly because of its

motility and tendency to be contaminated by bac-

teria in liquid culture (See Note1).

In the present study, to facilitate and simplify

experiments on Euglena photosynthesis in sec-

ondary schools, Euglena cells were immobilized

in calcium alginate beads as described by Ma-

tsuda (1994), a method similar to those of

CAROLINA Biological Supplier Co. and SAPS:

Science and Plants in School (See respective

websites). Immobilization techniques of immo-

tile microalgae were developed in the 1980s and

are now used for a wide variety of biotechno-

logical applications (Kaparapu, 2017). Some

freshwater green algae, such as Scenedesmus

(Chevalier and Noüe, 1985), Botryococcus (Bail-

liez et al., 1986) and Chlorella (Llangovan et al.,

1998), and marine microalgae (Hertzberg and

Jensen, 1989; Moreno-Garrido et al., 2005) retain

their photosynthetic activities in calcium alginate

or κ-carrageenan beads.  The use of microalgae 

(indefinite species) immobilized in calcium algi-

nate beads, or “algal balls,” in an experiment on

photosynthesis in student laboratory classes has

already been proposed (CAROLINA Biological

Supplier Co. and SAPS). Similarly, Eldridge

(2004) used immobilized Scenedesmus quadri-

cauda, and Crawford (2006) and Andrews et al.

(2015) followed Eldridge’s method in their prac-

tical studies at schools.

In the present paper, we show that the im-

mobilization seems effective for a motile micro-

alga, such as Euglena, permitting uncomplicated

measurement of photosynthetic activity in biol-

ogy laboratory classes at the secondary level.

Our results indicate the following three advan-

tages for such studies: 1) the beads can be used

for experiments repeatedly so a large quantity of

culture does not need to be prepared; 2) the ex-

periments can be done under different conditions

with the use of the same beads; 3) in a qualitative

experiment, photosynthesis can be observed sim-

ply by watching the color of a pH indicator solu-

tion.

In the qualitative experiment, the use of Eu-

glena beads allows us to detect the changes in

color of the BTB solution more easily in com-

parison with the use of free algal cells, because

the Euglena cells are contained by the gel beads,

and we can observe the color of the solution eas-

ily without any contamination of the Euglena

cells (Fig. 6). When the Euglena beads cultured

30 days or more were used, the photosynthetic

CO2 consumption by Euglena cells could be de-

tected within 30 minutes by examining the color

of the BTB solution. So, this experiment can be

carried out in one school hour of secondary

schools.

In the quantitative experiment, when a

30-day-old Euglena beads culture was used, the

amount of oxygen evolved from the Euglena

beads is high enough for measuring their photo-

synthetic oxygen production with the Productme-

ter within 30 minutes under the conditions de-

scribed above. Therefore, the experiment is

possible to be accomplished within a one period

of secondary schools.

In order to use the Euglena beads for these

quantitative and qualitative experiments, we had

to culture them for more than 20 days. If we
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could use an algal culture of high cell density for

the immobilization procedure, we would be able

to use the algal beads for photosynthesis experi-

ments immediately after making them. How-

ever, we could not obtain such a high cell density

because of the slow growth rate of Euglena cells

under the culture conditions of Koizumi and Mi-

kami (1976) suggested. Although immotile mi-

croalgae can be collected from suspension culture

by low-speed centrifugation, we could not adopt

this method for Euglena since the precipitated

Euglena cells were dispersed into supernatant

immediately. Therefore, further studies are re-

quired to test the concentration and the kind of

HYPONEX for culture medium as well as the

other culture conditions, such as temperature and

light intensity.

Chevalier and Noüe (1985) used immobi-

lized Scenedesmus cells for sewage treatment

repeatedly in their laboratory tests. Euglena can

reproduce well in eutrophic waters such as sew-

age and frequently lead to algal blooms, as does

Scenedesmus. Euglena was reported to be use-

ful for removing nutrients and heavy metals from

sewage (Ahmed and Häder, 2010), so that immo-

bilized Euglena cells can possibly be used for

sewage treatment at municipal scale. In schools,

the Euglena beads can be used as teaching mate-

rial, not only in biology, but also in environ-

mental education programs that focus on algal

blooms caused by eutrophication and in studies of

sewage treatment.

Note 1: A standard culture method for Euglena is

shown on the website of Flinn Scientific (cf.

its website). The culture media mentioned

in this website are not difficult to prepare,

but the preparation of Hyponex medium is

much easier. We, however, did not adopt

the culture media provided by Flinn Scien-

tific, because these culture media contain

organic substances and, on the website, bac-

terial contamination is mentioned. When

we adopt such culture media, it always re-

quires a strict sterilization practice to avoid

bacterial contamination. Yet such practice

is often difficult in the general biology labo-

ratory setting in secondary schools. If bac-

terial contamination occurs, we cannot

measure the correct photosynthetic rate and

respiration rate of Euglena beads.

Note 2: At around pH 7, the color of a diluted

BTB solution is green. It turns yellow in

acid conditions and blue in alkaline. When

a BTB stock solution is mixed with 1 mM

KHCO3 solution (an alkaline solution), the

color of this mixture is blue. When exhaled

air is blown into the mixture, CO2 in the ex-

haled air dissolves into the mixture, thereby

acidifying the mixture and turning its color

green. As the dissolved CO2 in the BTB

solution is consumed by photosynthesis, this

raises the pH of the solution gradually and

changes its color back to blue. The detect-

able pH range of BTB is 5.6 – 8.2, and some

other pH indicators which have a similar de-

tectable range can be substituted for BTB (cf.

SAPS website).
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