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The aim of the work was to study the impact of glycine on Spirulina growth and photosynthetic
processes intensity. For research the culture of Spirulina platensis (Gom.) Geitl cyanobacterium
strain LGU — 603 from collection of Kholodny Institute of Botany of the National Academy of
Sciences of Ukraine was used. The cultivation process was carried out in Zaruk nutrient medium in a
vertical tubular apparatus of 8 cm in diameter and of volume 2 dm? in a constant mixing of the
culture medium with air.

Introduction of glycine in a cultural environment resulted in the increase of the Spirulina
productivity, maintenance of basic photosynthetic pigments and protein. Glycine introduction
allowed to increase the growth rate of spirulina and to content achieve the high density of the culture
due to the increased length of log-phase. Intensification of Spirulina platensis growth and its
productivity increase was due to the fragmentation of cyanobacteria trichomes, so the increase of
trichomes number with a small number of cells, which grow quickly. The degree of fragmentation
depended on the concentration of introduced glycine and on the culture development stadium and also

on introduced glycine concentration.

Key words: glycine, spirulina, growth and intensity, photosynthetic activity.

In view of the deterioration of the ecological
situation in Ukraine and the decrease in the
quality of diets, the foreground problem is the
search for new sources of food of natural origin
that could provide the human body with a full
set of essential amino acids, polyunsaturated
fatty acids, vitamins, trace elements and other
biologically active substances. It is possible to
improve the value of food by using nutritional
supplements based on natural ingredients.

The most promising object in this problem
solving is cyanobacteria Spirulina platensis
(hereinafter spirulina), which has many
advantages and is therefore considered as the
most promising biotechnological object [1, 2].
A number of special substances synthesized
by spirulina — bioprotectors, biocorrectors
and biostimulants — are not found in any
more product of natural origin. This results

in the special properties of spirulina as a food
product and a broad-spectrum therapeutic and
prophylactic agent [3—6].

One of the properties of cyanobacteria
Spirulina platensis, when the nutritional and
lighting conditions are changing, is the ability
to switch to photoheterotrophic mode of
nutrition. It is able to grow in the presence of
some mono- and disaccharides, organic acids,
amino acids and some other organic substances,
using them as an additional source of carbon
and nitrogen [7—10].

The use of various organic sources of
carbon or nitrogen leads to a change in
metabolic processes, which in turn leads to a
change in both the biochemical composition of
cyanobacteria and the intensity of its growth.

Since amino acids can act at the same time
as a source of carbon and nitrogen, the study
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of amino acids effect and mechanism of their
action on productivity and photosynthetic
activity of spirulina are relevant, this will
allow regulating the biosynthetic processes of
spirulina and intensifying its growth rate.

The criteria for determining the
photosynthetic activity of spirulina and
the intensity of its growth are the biomass
productivity, the content of the main
photosynthetic pigments, namely phycocyanin,
chlorophyll, and the main component of
biomass — protein. In addition, the content of
protein and pigments can be used to a certain
extent as a criteria of the biological value of
biomass in general, since the biosynthesis
of tetrapyrrole pigments, carotenoids and
amino acids bound in the central metabolic
pathways of the conversion of mevalonic and
d-aminolevulinic acids to the biosynthesis of
tocopherols, cyancobalamin, phylloquinone
and some other biologically active substances
[11].

Since spirulina is a rich source of
biologically active substances, the search for
new stimulants to increase its productivity and
improve the quality of biomass is relevant.

The purpose of the work was to study
the influence of glycine, as an exogenously
introduced organic source of carbon and
nitrogen, on the growth and intensity of the
photosynthetic processes of spirulina.

Materials and Methods

For research, the culture of cyanobacteria
Spirulina platensis (Gom.) Geitl. strain LGU-
603 was used, which is taken from the collection
of cultures of Kholodny Institute of Botany of
the National Academy of Sciences of Ukraine.

The cultivation process was carried out in
Zaruk nutrient medium in a vertical tubular
apparatus of 8 cm in diameter and of volume
2 dm?® in a constant mixing of the culture
medium with air.

The illumination of the culture on the
surface of the apparatus was maintained

at the level of 8 Klux, the duration of the
photoperiod was 12 hours a day. Mercury
lamps DRL-400 were used as a source of
illumination. The temperature of the culture
medium was maintained in the range of
30-32 °C. The initial density of the culture
was approximately 0.15 g of absolutely dry
biomass (ADB)/dm?, which corresponds to an
optical density of 0.45-0.47 at a wavelength
of 750 nm. The evaporation of the liquid from
the cultivator was compensated every day by
the addition of distilled water. Distilled water
was added before sampling.

The administration of various concentra-
tions of glycine (50, 100, 150, 200, 250 and
300 mg/dm?) was carried out in two, four,
seven and ten days from the beginning of
cultivation. Taking into account the stability
of cultivation conditions by illumination,
photoperiod, temperature and mixing intensity
of suspension with air, the introduction of
glycine occurred at a certain density of culture
(Table).

Cultivation of spirulina was carried out
in a cumulative mode for 14 days. Spirulina,
which was cultured in Zaruk medium without
the addition of glycine, was used as a control.
The results presented in tables and graphs
are the arithmetic mean of three repeated
experiments.

Each day the photomicroscopy of the
culture was carried out for the purpose of
detecting the reaction of spirulina to the
administration of glycine.

The growth of biomass was determined by
photometric method by changing the optical
density of the suspension at a wavelength
of 750 nm. The conversion of optical density
units into dry biomass value was carried out
according to the gauge curve. Sampling for
determining the density of the culture was
carried out every day at the time of turning on
the light, after the dark phase of cultivation.

During the study, the ADB and moisture
of the product by weight method [12],
the mass fraction of protein in spirulina

Conditions for glycine introduction

Time of glycine Optical density of culture Density of culture at
The srowth phase introduction, medium at the time of gly- the time of glycine
g p days from the begin- cine introduction, introductioné
ning of cultivation A =750 nm g of ADB/dm

Exponential growth phase 2 1.1 0.4
Linear growth phase 4 2.2 0.7
Growth declining phase 7 3.4 1.0
Stationary growth phase 10 3.7 1.2
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biomass — by biuret test [13], the
phycocyanin and chlorophyll content — using
spectrophotometric methods were determined
[14, 15].

Statistical processing of experimental
data was performed using Microsoft Excel
2010. All experiments were performed in
triple repetition. Results that do not have a
statistically significant difference with the
control (0% of glycine, P > 0.05) in the figures
are indicated by .

Results and Discussion

According to the results of studies of the
effect of glycine various concentrations,
introduced at different growth stages, on
spirulina biomass accumulation (Fig. 1), it
was determined that an increase in glycine
concentration to a certain value leads to an
intensification of culture growth. In all cases,
this concentration depended on the culture
density when glycine was added.

The most intense growth of spirulina occurs
when glycine was introduced 7 days after
the beginning of cultivation, i.e. at a culture
density of 1.0 g of ADB/dm?* At the same time,
the highest accumulation of spirulina biomass
was achieved — 2,11 g of ADB/dm3, when
glycine was introduced at a concentration of
150 mg/dm?, which is by 53% more than in the
control.

As can be seen from Fig. 1, the higher
the density of the culture, the greater the
concentration of glycine should be introduced
in order to obtain the highest biomass
productivity of culture. It should be noted that
high concentrations of glycine, introduced in
the early phases of spirulina growth, lead to a
decrease in the productivity of the culture.

The results of photomicroscopy showed that
after glycine introduction there is an intense
fragmentation of cyanobacteria trichome, a
certain number of individual fragments of
trichome named hormogonia, consisting of a
small number of cells, appear.

Previously, we have shown [16, 17] that the
greater glycine concentration was introduced
into the culture medium, the more trichome
with a small number of cells were formed, and,
accordingly, more intensive fragmentation
occurred. The intense trichome fragmentation
resulted in the intensification of the
reproduction process of the culture and thus
in increase of its growth rate and productivity.

After glycine introduction, spirulina
growth is inhibited for a while, it moves from
a more intense phase of growth to a less intense
(lag phase), whose duration depends on both
the concentration of the added glycine and
the growth phase on which the glycine was
introduced.

After some time after glycine introduction,
the intensity of spirulina growth gradually

Fig. 1. Glycine influence on spirulina biomass accumulation depending on the time of its introduction:
here and after results that do not have a statistically significant difference with the control (0% of glycine,
P > 0.05) in the figures are indicated by #. Between nearby points there are insignificant distinctions that

statistically not reliable
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increased, spirulina continued to develop in
accordance with the following phases of typical
development.

Investigating the effect of glycine on the
intensity of phycocyanin accumulation in
spirulina biomass, we have found (Fig. 2) that
glycine introduction into the culture medium
make it possible to intensify significantly the
phycocyanin biosynthesis.

When glycine was introduced 4 days after
the beginning of cultivation (in the phase of
linear growth at culture density of 0.7 g of
ADB/dm?), the most intense phycocyanin
accumulation occurred with an increase in the
concentration of glycine up to 200 mg/dm?and
reached a value of 19% of the ADB, which was
by 56% more than in control.

As can be seen from Fig. 2, the introduction
of glycine into the culture medium 7 days
after the beginning of cultivation (in declining
growth phase at a culture density of 1.0 g of
ADB/dm?) contributed to the most intense
accumulation of phycocyanin in the biomass of
spirulina. Thus, the introduction of glycine at
a concentration of 200 mg/dm? allowed us to
increase the content of phycocyanin in biomass
by 77% compared with the control — up to
21.8% of the ADB.

The introduction of glycine 10 days after
the beginning of cultivation (in the stationary
phase of growth at culture density of 1.2 g of
ADB/dm?®) in all investigated concentrations
(from 50 to 300 mg/dm?) also resulted in the
intense phycocyanin accumulation in spirulina
biomass.

Thus, with an increase in glycine
concentration in the culture medium, an
increase in the content of phycocyanin in
the spirulina biomass occurs irrespective
of the growth phase at which the glycine is
introduced. The greatest accumulation of
phycocyanin in spirulina biomass (up to 22.5%
of ADB) occurs when glycine is introduced
in the culture medium in concentrations of
150-300 mg/dm? in declining growth phase
(when the culture density is approximately
1.0 g of ADB/dm?). This allows us to increase
the content of phycocyanin in spirulina
biomass by 77-83%, compared with the
content of phycocyanin in biomass obtained
without the addition of glycine.

Investigating the effect of glycine on
the intensity of protein biosynthesis, we
have found (Fig. 3) that the addition of
100-150 mg/dm?® of glycine 4 days after the
beginning of cultivation (in the phase of linear
growth at culture density of approximately
0.7 g of ADB/dm?) led to an increase of protein
content in spirulina biomass up to 66—67% of
ADB (which exceeded the control by 29-31%).

The introduction of glycine 7 days after the
beginning of cultivation (in declining growth
phase at culture density of approximately
1.0 g of ADB/dm?) at a concentration of
up to 150 mg/dm? resulted in the largest
accumulation of protein in spirulina
biomass — almost up to 72% of ADB, which is
by 41% more than in control.

Thus, the highest protein content in
spirulina biomass (up to 72% of ADB) can

Fig. 2. Effect of glycine various concentrations on phycocyanin content
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Fig. 3. Effect of glycine various concentrations on protein content

be obtained by glycine introduction into the
culture medium in concentrations of 100—
150 mg/dm?® in declining growth phase (at
culture density of about 1.0 g of ADB/dm?).
In this case, the protein content is increased
by about 40% , compared with its content in
biomass, obtained without the addition of
glycine.

The study of glycine effect on chlorophyll
accumulation in spirulina biomass shows
(Fig. 4) that the greatest effect on chlorophyll
biosynthesis is caused by glycine, introduced 7
and 10 days after the beginning of cultivation,
in all investigated concentrations.

The introduction of glycine 7 days after the
beginning of cultivation (at a density of about
1.0 g of ADB/dm?®) contributed to the most
intense chlorophyll biosynthesis compared to
chlorophyll accumulation when glycine was
added in other studied growth phases. Thus,
when glycine was added in culture medium in
a concentration of 50 mg/dm?, the chlorophyll
content in biomass increased by 10% compared
with the control; when glycine was added in a
concentration of 100 mg/dm?® — by 16.5%;in a
concentration of 150 mg/dm?® — by 21,5%, and
then practically was not changed.

When glycine was introduced in all
investigated concentrations10 days after the
beginning of cultivation (in the stationary
phase of growth at culture density of
approximately 1.2 g of ADB/dm?), an increase
in chlorophyll content in spirulina biomass
occurred.

Statistically significant increase in
chlorophyll content in spirulina biomass
occurred when glycine was introduced in
culture medium in concentrations greater
than 100 mg/dm?3. At concentrations of glycine
added of 200 mg/dm? or more, the most intense
chlorophyll content was observed and its
content in biomass was higher compared with
the content in biomass obtained when glycine
was introduced at the same concentrations but
2 and 4 days after the beginning of cultivation.
The largest chlorophyll accumulation was at a
concentration of glycine of 300 mg/dm?, which
is by 25% more than in the control and was
approximately 2.08% of ADB.

Thus, with an increase in glycine
concentration in the culture medium, an increase
in chlorophyll content is most intense when
glycine is introduced in growth declining phase
and stationary phase, i. e., at a culture density
of approximately 1.0-1.2 g of ADB/dm?. The
greatest chlorophyll accumulation in spirulina
biomass (up to 2.13% of ADB) can be achieved
by glycine introduction in the culture medium
at a concentration of 250-300 mg/dm? in the
growth declining phase (at culture density
of about 1.0 g of ADB/dm?). In this case, the
chlorophyll content increases by about 27—
28%, as compared to the chlorophyll content
in biomass obtained without the addition of
glycine.

Thus, the studies have shown that the
exogenous glycine introduction in the
culture medium leads to an intensification
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Fig. 4. Effect of glycine various concentrations on chlorophyll content

of cyanobacteria growth rate. By varying the
concentration of glycine, and its application
at different stages of growth the increase in
content of protein and pigments (phycocyanin
and chlorophyll), which will greatly increase
the biological value of biomass in general,
may be achieved. This makes it possible to set
up the production on an industrial scale of
such an important pigment for medicine as
phycocyanin.

In our opinion, the most effective way
to increase the biological value of spirulina
biomass is the introduction of glycine at
concentration of 150 mg/dm? into the culture
medium 7 days after the beginning of cultivation,
that is, at the stage of growth declining at a
culture density of 1.0 g of ADB/dm?. Under these
conditions, spirulina culture is characterized
by the highest biomass and important
biologically active compounds productivity.

Comparing the results obtained with
the action of the coordination compound Zn
(IT) containing glycine and serine [8] at a
concentration of 5 mg/dm?, which increases
the spirulina biomass productivity by 26% , the
content of phycobiliproteins — by 32%, the
content of protein — by 17%, the introduction
of glycine in concentrations of 150 mg/dm?
or more in the growth declining phase (with
culture density of about 1.0 g of ADB/dm?)
allows us to increase the yield of biomass by
50% , the content of phycocyanin — by 80%,
the content of protein — by 40% .

14

This effect of glycine may be explained
by the fact that it is the precursor of
protoporphyrin [18, 19], from which
chlorophyll and phycocyanin are formed,
thereby, possibly, glycine increases the
photosynthetic activity of spirulina.

In addition, glycine is the simplest
aliphatic amino acid, acts as a complexing
agent (chelate) with trace elements, which may
contribute to more efficient use by spirulina
cells. Since glycine is a component of structural
proteins that are the part of cell walls, so it is
possible that it is embedded in spirulina tissue
together with the trace elements.

Thus, it has been determined that the
exogenous introduction of glycine into the
culture medium leads to the intensification
of growth and photosynthetic processes of
spirulina, which is expressed in increase
of spirulina productivity, the content of
main photosynthetic pigments, namely,
phycocyanin, chlorophyll, and the protein as
the main component of biomass.

It has been established that exogenously
introduced glycine leads to fragmentation of
microalgae trichome, the intensity degree of
which depends on both the concentration of
introduced glycine and the stage of culture
development. Trichome fragmentation leads
to the intensification of spirulina growth
and, correspondingly, to the increase in its
productivity, because of an increase in the
number of trichome with a small number of
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rapidly growing cells. The introduction of
glycine permits to increase the growth rate of
spirulina and achieve a high density of culture
due to an increase in the duration of the log-
phase.

It has been found that the greatest
spirulina biomass productivity (up to 2.1 g
of ADB/dm?) and protein productivity (up
to 72% of ADB) can be achieved as a result
of glycine introduction into the medium at
concentrations of 100-150 mg/dm?® in the
growth declining phase (at culture density of
approximately 1.0 g of ADB/dm?). At the same
time, the productivity of culture compared
with the productivity at cultivation without
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Mertoro po6oTu 6yJi0 BUBUUTHU BIIJIUB €K30-
TeHHO BHECEHOT'O IIIUHY Ha picT Ta iHTeHCUB-
HicTb (POTOCHMHTETUUYHUX IIPOIECiB CIipyaiHU.
st gocnifsKeHHA BUKOPUCTOBYBAJIU KYJIbTY-
py nianob6aktepii Spirulina platensis (Gom.)
Geitl. mram LGU-603 3 Koaermii Iucturyry
6oramiku im. M. I'. Xomoguoro HAHY. IIpo1ec
KYJIbTUBYBAHHSA NPOBOAUIN HA KUBUJILHOMY
cepemosuilli Zaruk y BepTuKasbHOMY TyOyIsAp-
HOMY amapari giamerpom 8 cm i 06’emom 2 am
3a KOHTAKTHOTO 3MiIllyBaHHA KYJbTYPAJIbHOTO
cepenmoBuIla 3 MOBiTPpAM. BHeCceHHS TJIIIIUHY
B KYJbTypaJbHe CePEeJOBUIIE CIPUAIO 36iab-
IMIeHHI0O IPOAYKTUBHOCTI cmipyjainmu, BMicTy
OCHOBHUX (POTOCHMHTETHUUYHMHX IIIrMEHTIiB Ta
IPOTeiHy, a TAKOXK JaBaJjo 3MOTY HiABUITUTU
MIBUAKICTH POCTY CHipyJiHM i mocAraTu BUCO-
KOl I'YCTUHU KYJbTYPH BHACHIZOK 30i/MbIIIeHHA
TpuBaJjgocTi log-dasu.

Inrencudikania pocrty Spirulina platensis
Ta 3pOCTAaHHSA ii MPOAYKTUBHOCTI BimOyBasocsa
BHACJiZOK (pparmMeHTaIrii TpuxoMm IianobakTepii,
TOOTO 30iJbIIEeHHA KiJIbKOCTI TpuxoM 3
HEeBEJUKOI0 KiJbKiCcTI0O KJITHMH, SKi IIBUIKO
poctyTh. Crymins d¢parmenrarii sajexaia
BiJ KOHIeHTpaIii BHeCeHOTo TUIINMMHY i cramii
PO3BUTKY KYJBTYPH.

Kanawuosi cnoea: riinuH, ciipyJina, pict Ta
iHTEHCUBHICTD, (DOTOCUHTETUYHA AKTUBHICTbD.
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ITesbio paGoOTHI OBLIO U3YUUTH BIUAHUE dK30-
TeHHO BHECEHHOTO IVIMIMHA HA POCT U MHTEHCUB-
HOCTH ()OTOCUHTETHUUECKUX IPOIECCOB CIIUPYJIN-
Hbl. [[J1s ucciej0BaHUs UCIOJIb30BAIU KYJIBTYDPY
nuanobaxkrepuu Spirulina platensis (Gom.) Geitl.
mramm LGU-603 u3 xkomnexnuu MucTuryTa 60-
rauuku uMm. H. T'. Xomogunoro HAHY. Ilporecc
KYJIbTUBUPOBAHUS MPOBOJUIN HA MUTATEJIbHOM
cpeze Zaruk B BepTUKAJIBHOM TYOYJISIPHOM aIlla-
pare ZMaMeTpoM 8 CM U 06eMOM 2 IM° IpU KOH-
TAKTHOM CMEIIMBAHUU KYJIbTYPAJbLHON CpPenbl C
BO3IyXOM. BHeceHue rIMINHA B KYJIbTYPAJIbHYIO
cpeay CIOCOOCTBOBAJIO YBEIUYEHUIO MTPOJYKTUB-
HOCTU CIUPYJIUHBI, COAEPIKAHNA OCHOBHBIX (POTO-
CUHTETUYECKUX IUTMEHTOB U IPOTENHA, a TaKKe
IMO3BOJIAJIO MOBBIIIATL CKOPOCTH POCTA CIUPYJIU-
HBI U JOCTUTaTh BBICOKOU ILJIOTHOCTU KYJIBTYPHI
BCJIEJCTBME VBEJIWNYEHUSA IMPOLOJIKATEIHHOCTHI
log-(assl.

WNuTencuduranua pocra Spirulina platensis
U TOBBIIIEHNE €€ MPOAYKTUBHOCTU IIPOUCKOAMIIO
BCJIEACTBYME (PparMeHTAIlMM TPUXOM I[MaHOOAK-
TepUU, T. €. YBEJUUEHUsT KOJUUEeCTBA TPUXOM C
HEeOOJBIITNM KOJNUECTBOM OBICTPOPACTYIIUX KJIe-
ToK. CremeHb ()parMeHTalMM 3aBUCEJIA OT KOH-
IeHTpaIruy BHECEHHOI'0 TJIMIMHA U CTaIUU Pas-
BUTHUSA KYJIbTYPHI.

Knwouesvle cnosa: riivniuH, COUPYJIUHA, POCT U
WHTEHCUBHOCTH, (POTOCHUHTETUUECKAS AaKTUB-
HOCTb.





