J Plant Growth Regul (1998) 17:131-139

Journal of

‘Plant
Growth
‘Regulation

© 1998 Springer-Verlag New York Inc.

Physiological and Biochemical Role of Brassinosteroids and Their
Structure-Activity Relationship in the Green Alga Chlorella vulgaris
Beijerinck (Chlorophyceag

A. Bajguz* and R. Czerpak

Institute of Biology, Bialystok University, Swierkowa 20 B, PL-15-950 Bialystok, Poland

Received July 21, 1997; accepted April 7, 1998

Abstract. This paper studies the influence of the 7- On the basis of the study, the biological activity of
oxalactone type of brassinosteroids (BRs) and 6-ketone BRs was arranged in the following order: BL > 24-epiBL
upon the biological activity of the alg&hlorella vul- > homoBL > CS > 24-epiCS > homoCS.

garis (Chlorophyceap The results of the study indicate
significant differences in the growth and metabolism of
C. vulgariscells caused by the different chemical struc-
tures of the BRs used. The most significant differences in Key Words. Chlorella vulgaris—Brassinosteroids—
the stimulation of the growth of the biomass and me- Chlorophylls—Glycolate—Growth—Phosphorus—
tabolites contained in it were caused by structural differ- Photosynthesis—Structure-activity relationship—
ences in the B ring of BRs. It was found that @ Secretion—Sugar

vulgaris 7-oxalactone type of BRs [brassinolide (BL)
and its derivatives] are more active than 6-ketone type of
BRs [castasterone (CS) and its derivatives]. It was found .
that BRs used within the range of concentration of'f0 ~ Minerals are among the most important groups of plant
to 10°® m stimulate two- to threefold the growth and nutrients. Mineral metabolism is of crucial importance to
division of C. vulgariscells. The most stimulating influ-  the growth and development of plants. Inorganic phos-
ence upon the number of the algal cells and the phos-Phate (B is one of the most important components of
phorus, chlorophyll, and monosaccharides contained in Plant nutrients, and it is also unique in the sense that
the alga, as well as the intensity of the photosynthesis, Phosphate exists either as inorganic ions or organic de-
and sugar and glycolate excretion was demonstrated byrivatives. Ris also an important structural component of
BL at a concentration I8 m in the 36th h of cultivation. ~ hucleic acids and phospholipids. In plant cellsjsPim-
HomoCS was characterized by the lowest biological ac- Portant in photosynthesis; Bcts both as a substrate and
tivity. In turn, after the 48th h an inhibition of the rate of s a controlling factor in photosynthesis-related metabo-
growth and development of the alga takes place. In the lism (Mimura 1995, Smirnoff 1995).;Ronsumed in the
range from 10 to 10°°® m the inhibition of growth and photosynthetic reaction is regenerated during starch for-
deve]opment of the a|ga was manifested by BRs. During mation within the Chloroplasts. It is also released in the
the further toxic activity of BRs the cells &. vulgaris ~ Cytosol during the synthesis of saccharose and then trans-
undergo complete degradation. In turn, in concentrations ferred to the stroma of the chloroplast by triose phos-
lower than 102 m, BRs do not exert any biologically ~Phate-R translocator (Furbank and Taylor 1995,

significant influence upoi€. vulgariscells. Smirnoff 1995). . _ .
The major oxygen-consuming process associated with
photosynthesis is the oxygenase reaction of ribulose-1,5-
bisphosphate carboxylase (Rubisco), which is the initial
Abbreviations: BRs, brassinosteroids; BL, brassinolide; 24-epiBL, 24- reaction of the photorespiratory pathway in Whiql’iﬂ:’
epibrassinolide; homoBL, 28|,23(S-homobrassinolide; CS, castast- l . - '
4 . iberated during the conversion of phosphoglycolate to
erone; 24-epiCS; 24-epicastasterone; homoCSg)2ZZ(S)-homo- .
castasterone; 2 organic phosphorus; 2 inorganic phosphorus;, P glycolate in the stroma of chloroplasts (Foyer et al. 1994,
inorganic phosphate; Rubisco, ribulose-1,5-bisphosphate carboxylase. Furbank and Taylor 1995). ) )
*Author for correspondence. A number of green algae may liberate organic sub-
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stances into the medium in which they grow. Extracel-

lular products are defined as soluble substances liberated

from healthy cells, as distinct from substances set free by HOM,
injured cells or by autolysis or decomposition of the dead '
ones. Algae, especially unicellular and colonial ones, ex- HO\\‘.. [-10
crete large amounts of various organic substances of a

complex ecological function in their surrounding envi-
ronment. Secretions of low molecular weight substances,
particularly sugars and organic acids, predominate quan-
titatively in algae. Algae of th€hlorella genus can ex-
crete to their aquatic environment large amounts of
monosaccharides, even 15-30% of their dry weight. Ex-
cretion of products of photosynthesis has been estimated
as 8-55% of total carbon assimilated by algae (Fogg
1973, 1983, Lewin 1962, Stewart 1974). Among amino
acids excreted by algae, aspartic and glutamic acids, ala-
nine, leucine, lysine, serine, and arginine predominate
(Watanabe 1980).

Algal excretion is correlated mainly with physiologi-
cal and metabolic status and cell development phase,
reaching a maximum level during mitotic division (Ka-
plan et al. 1987, Moroney et al. 1986). Growth sub- OH
stances of natural or artificial origin stimulate cellular
excretion in algae such as auxins, cytokinins, and gib- hemoBL R= homoCS§
berellins (Burkiewicz and Kentzer 1984, Czerpak and OoH
Bajguz 1993). However, extracellular secretion stimu-
lated by brassinosteroids (BRs) has not been observed inFig. 1. Structures of BRs used.
algae.

In this study, we present BRs stimulation of growth

(number of cells, contents of organic and inorganic p_hos terone (CS), 24-epicastasterone (24-epiCS), andSR28()-
phorus, content ‘?f ChlorOphy“S and monosaccharides) homocastasterone (homoCS) were purchased from Beak Technol. Inc.
and photosynthetic oxygen exchangeGiilorella vul- (Canada). Fig. 1 shows the structures of BRs that were used in the
garis cells. We also present the comparative effect of experiment. BRs were prepared api ethanolic stock solutions and
BRs on the content of extracellular products in a green stored at ~20°C. The appropriate amount of BRs for the strongest
algaC. vulgaris.We describe the structure-activity rela- solution was transferred directly into culture medium, and weaker so-
tionship between two kinds of BRs, 7-oxalactone and lutions were prepared by serial dilution. Equal amounts of ethanol were
6-ketone type of BRs, in the green al@a vulgaris ~ 2dded to the controls.
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Materials and Methods Analysis of Plant Material

Culture Conditions ) ) ) )
Growth of the culture was estimated by direct counting of cells in the

C. vulgaris Beijerinck (Chlorophyceagwas grown under controlled growth medium using the Blker chamber. Determination of the chlo-
conditions at 25 + 0.5°C. lllumination was supplied during a 16-h  rophyll content followed homogenization of the algal fresh weight in
photoperiod (8-h dark period) by a bank of fluorescent lights yielding methanol. The absorbance of the extract was measured with a Beckman
a photon flux of 5Qumol m™2s™* at the surface of the tubes. Permanent DU-640 spectrophotometer at 653 and 666 nm. The amounts of chlo-
synchronous growth was established according to the method of Pirson rophyll a andb present in the extract were calculated according to the
and Lorenzen (1966), in the conditions developed by Sayegh and Grep- equation of Wellburn (1994). Phosphorus of organic phosphates and
pin (1973). The culture medium used was modified Knop’s medium. inorganic orthophosphate was assayed by the Fiske-Subbarow method
The pH of the medium was adjusted to 6.8 withnINaOH. The (1925). For sugar secretion determination, the algae were first collected
Chlorella cells were cultured in an Erlenmeyer flask (500 mL) con- by centrifugation of 10 mL-culture samples, and the resulting super-
taining 250 mL of medium and shaken at 50 rpm in a rotary shaker. natant was analyzed quantitatively. Sugar concentration in the cell and
its excretion were determined using the anthrone method (Hewitt 1958,
Brassinosteroids Ye_mm_ and Willis 1954_). Glycolate was isolated from the medium
using ion exchange resin Dowé x 10 (OH) 200-400 mesh (Serva,
Brassinolide (BL) was obtained from Dr. Shozo Fujioka (RIKEN, Ja- UK). An aliquot of 20 mL of medium was applied to the resin column
pan). 24-Epibrassinolide (24-epiBL) and 2p23(S-homobrassinolide (8 x 90 mm). The column was washed thoroughly with distilled water,
(homoBL) were purchased from Sigma (St. Louis, MO; USA). Castas- and glycolic acid was eluted with ¥ acetic acid. The eluates were
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(expressed as £0nl™%; S.E. < 5%).

dried under vacuum. The glycolate content of the residue was deter- 36th h of cultivation. During the next consecutive 12 h of
mination by Calkin's (1943) method. cultivation the cells undergo complete degradation. In
turn, in concentrations lower than T m BRs do not

exert significant influence upon the growth and metabo-
Measurement of Photosynthetic Oxygen Exchange lism of C. vulgaris.

Photosynthesis capacity was determined by measuring the amounts of
oxygen released by the cells using a Clark type oxygen electrode (Han-

satech Ltd., UK). A 2-mL algal suspension was incubated in a vessel at Growth of C. vulgaris
25°C and 1,00Qumol m™2 s PAR. The evolution of oxygen in the

medium was calculated to represent the activity of photosynthesis of The most stimulating influence upon the numberGf
Chlorella cells. vulgaris cells was shown by BL at a concentration of
1078 m at the 24th and 36th h of cultivation, within the
limits 330—337% with respect to the control (100%). The
Replication and Statistical Analysis lowest activity was shown by homoCS, under the influ-
E : . . , ence of which, at the above concentrations, the growth in
ach treatment consisted of five replicates, and each experiment was .
carried out at least twice at different times. A minitab statistical pack- the number of cells was 156'2_207_'8%' compared with
age was used to carry out a one-way ANOVA. Significance was de- the control. The data provided indicate that under the
termined using-tests and LSD values based on the ANOVA data.  influence of BRs, at the concentrations of ¥band 108
M, a significant increase in the number Gf vulgaris
cells occurs. Two- to threefold stimulation of the growth
Results of cells during 36 h cultivation of algae was demon-

) . o strated (Fig. 2).
During the experiments BRs was used within the range

of concentrations 10° to 10°® M. However, this paper
presents results of the most effective concentrations
107*? and 108 v, indicating the stimulating impact of
BRs upon physiological and metabolic processe€in  Cultures ofC. vulgaristreated with BRs after 24 h are
vulgaris. In the range from 10 to 10°° m, inhibition of characterized by a slight stimulation of the intensity of
the algal growth and development was recorded at the net photosynthesis (Fig. 3). A difference becomes no-

' Intensity of Net Photosynthesis of C. vulgaris
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ticeable between the activity of BL (as the most stimu-
lating from the group of 7-oxalactone) and CS (a com-
pound from the group of 6-ketone). BL at a concentration
of 108 m increases the intensity of photosynthesis by
298.1% compared with the control. In turn, stimulation

by CS, at the same concentration, amounts to 182.8%.

O |Control (24 h)

O |BR-10"”M (24 h)

W [BR-10°M(24h) B

8 [Contol36h) |

BR-10"”M@GB6h)f

m [BR-10°M@sn) |l B A

2

L Q Fig. 3. Effect of BRs on the

8“ g photosynthetic @ exchange ofC.

<+ ) vulgaris (expressed as 16nv O, h™*
N O cell™®; S.E. < 5%)).

M by BL was within the limits 256.7-328.4%, compared
with the control after the 24th and 36th h of cultivation.
The lowest activity in stimulating chlorophyd and b
was demonstrated by homoCS.

HomoCS demonstrates the least stimulating impact upon -ntent of Monosaccharides in C. vulgaris Cells

the intensity of photosynthesis, reaching 132.5%.
Thirty-six hours after treatment with BRs the level of
photosynthesis ofC. vulgaris increases significantly
(Fig. 3). BL is biologically most active, and at a concen-
tration of 10 v, it stimulates the process of photosyn-

The cells of algae treated with BL at the concentration
1078 m contain 2.5 to 3 times more monosaccharides than
the cells of the control algae. The lengthening of the side
chain in BRs by one more methyl group causes a de-

thesis around 172.6% compared with the 24th h of ac- crease in the activity of both homoBL and homoCS. In
tivity. With respect to the control, after 36 h BL increases the first case, lowering the content of monosaccharides
the intensity of photosynthesis by 390%. CS is charac- by 13% takes place, and in the second by an average of
terized by weaker stimulation of this process (246.9%), 11-23%, compared with the control, treated, respec-
and homoCS reaches 211.6% compared with the controltively, with BL and CS (Table 2).

cultivation.

Content of Phosphorus in C. vulgaris Cells
Chlorophyll a and b Content in C. vulgaris Cells
Cells of C. vulgaris,treated by chemically different BRs
after 24 h of growth, demonstrate two- to threefold
growth in the content of organic {Pand inorganic phos-
phorus (R) (Fig. 4). Significant differences were ob-
served between BL and CS and their derivatives. BL, at
a concentration I¢ m, increases the content of, By

BL shows the most stimulating influence upon the chlo-
rophyll a and b content inC. vulgaris cells, without
regard to the concentration or length of the cultivation
(Table 1). The stimulation of the chlorophydl and b
content within the range of concentrations #and 10°
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Table 1. Effect of BRs on the content of chlorophylandb in the cells ofC. vulgaris
Values are expressed as iQug cell'™®; S.E. < 5%.

Time of 7-Oxalactone type of BR 6-Ketone type of BR

culture Concentration  BL 24-EpiBL HomoBL CSs 24-EpiCS HomoCS  Control

24 h 1012 2.76 2.58 2.35 1.57 1.36 1.19 1.07
108 2.95 2.76 2.57 1.79 1.59 1.38

36 h 102 3.67 3.46 3.21 2.55 2.42 2.23 1.18
108 3.89 3.68 3.42 2.74 2.60 2.45

Table 2. Effect of BRs on the content of monosaccharides in the cellS.ofulgaris
Values are expressed as Qg cell':; S.E. < 5%.

) 7-Oxalactone type of BR 6-Ketone type of BR
Time of
culture Concentration  BL 24-EpiBL HomoBL CS 24-EpiCS HomoCS  Control
24 h 1012 12.75 11.83 10.97 7.59 6.39 5.37 3.72
108 13.92 13.11 12.12 8.45 7.51 6.54
36 h 10*? 17.13 16.18 14.97 11.79 11.05 10.38 5.56
108 18.35 17.37 16.12 12.90 12.23 11.56

286.8%, and the pcontent by 273.8%, compared with are steroidal plant hormones having growth-promoting
the control. In turn, cells treated by CS, at the same activities in plants. At present, more than 40 BRs have
concentration, contain 86.8% morg &d 66.7% more  been shown to occur naturally, including dicots, mono-
P, compared with the control cells. The weakest influ- cots, gymnosperms, an algdydrodictyon reticulatury
ence upon the content of B exerted by homoCS within  and a pteridophyte. BRs have a commandholestane
the limits of 134.2-127.7% of Pand R, compared with  skeleton, and their structural variations come from the
the control. type and position of functionality on the skeleton (Adam
After 36 h, (Table 3) BL, most active biologically, at and Petzold 1994, Fujioka and Sakurai 1997, Mandava

a concentration 10 m, increases the content of, &nd 1988, Sakurai and Fujioka 1993, Sasse 1991, Yokota
P, within the limits of, respectively, 273.8% and 329.6% 1997).

CS, a 6-ketone, is characterized by a decreased content These studies demonstrate that BRs stimulate cell di-
of phosphorus (£231.8% and | 232.4%), and the low-  yisions intensively, at the same time leading to an in-
est homoCS, within the limits of 206.8-208.4%, com- ¢rease in the number of cells 6% vulgaris.The stimu-
pared with the control. lating influence of BRs is most noticeable within the
concentration range I&to 108 wm. Among BRs applied
Secretion of Sugar and Glycolate into the Medium the highest activity is demonstrated by BL at a concen-

BRs stimulate sugar (Table 4) and glycolate (Fig. 5) tration 108w aft¢r3§hfrom theT moment.vvhenth'e algae
secretions irC. vulgarisin the concentration range 1% were treated with it. The main factor influencing the
to 10°® m, reaching the maximum at a concentration of b|olog|cz_il activity of BRs appears to be a different struc-
108 m. In C. vulgaristhe sugar secretion is stimulated turé Of ring B BL (7-oxalactone type) and CS (6-ketone
most intensively at a concentration of & BL after 36 YP€) (Fig. 1). twas demonstrated that the oxygen built
h in 296% with reference to the control. The cells of Nto B ring increases the biological activity of BL com-
algae treated with BL at a concentration of 4 ex- pared with CS deprived of oxygen. Additionally, the
crete three times more glycolate than control after 36 h of change in the orientation of the methyl group at C-24 and
growth. CS is characterized by decreased glycolate ex-th€ lengthening of the side chain by one methyl group
cretion (208.5%) compared with the control. In stimulat- 2dded at C-24 lead to a significant decrease of the bio-

ing extracellular products secretion, BL is more active '09ical activity of BRs. It was found that BRs of the
than CS. 7-oxalactone type (BL and derivatives) are more active

biologically than 6-ketone compounds (CS and deriva-
tives). Changes in the biological activity occurring under
the influence of BRs were also observed in vascular
BRs are now regarded as a new class of plant hormonesplants, i.e. tomatoL{ycopersicon esculentynand rice
ubiquitous in the plant kingdom in addition to auxins, (Oryza sativa. It was demonstrated that, with the addi-
gibberellins, cytokinins, abscisic acid, and ethylene. BRs tion of the next methyl groups in position C-28 in the

Discussion
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Fig. 4. Effect of BRs on the content of
organic (R) and inorganic phosphorus
(P, in the cell of C. vulgarisin 24 h

of culture (expressed as TOug cell™;
S.E. < 5%).

homoCS

Table 3. Effect of BRs on the content of organic and inorganic phosphorus in the cells ailgarisin 36 h of culture.
Values are expressed as 1Qug cell'’; S.E. < 5%.

7-Oxalactone type of BR 6-Ketone type of BR

Concentration BL 24-EpiBL HomoBL Cs 24-EpiCS HomoCS Control

Organic phosphorus

1012 1.32 1.26 1.17 0.91 0.83 0.78 0.44
108 1.45 1.37 1.28 1.02 0.97 0.91

Inorganic phosphorus

10712 2.12 2.01 1.87 1.46 1.33 1.25 0.71
108 2.34 2.22 2.06 1.65 1.56 1.48

side chain, a greater decrease in the activity of BL oc- tomato, rice, and bean internode (Takatsuto et al. 1983a,
curs. The inhibitory activity of BRs on the root growth of  1983b). McMorris et al. (1994) have made a comparative
tomato occurred in the order BL > 24-epiBL > 22,23,24- study of the biological activity of BL, 24-epiBL,
trisepiBL > homoBL (Roddick 1994). The very much (22S235)-24-epiBL, 28-homoBL, and (2223S)-28-
reduced activity of homoBL with a Blethyl group con- homoBL in the soybean epicotyl assay. All BRs except
firms the importance of the C-24 substituent. HomoBL (225235)-28-homoBL exhibited a similar biological ac-
also showed much reduced activity in the radish and tivity, but the last compound was substantially less ac-
tomato seedling shoot growth assay (Takatsuto et al.tive. Also, Wang et al. (1994) showed that lactone types
1983a). The orientation of the C-24 methyl group is very of BRs (e.g. BL) are more active than the ketone type of
important as demonstrated by the reduction in activity of BRs (e.g. CS). In general, the 7-oxalactone stuctures pos-
24-epiBL with a 24R-configuration. The activity of 24-  sess a greater biological activity than the 6-ketone forms.
epiBL was about one-tenth that of BL in the radish, BRs within the range of concentrations 10to 10
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Table 4. Effect of BRs on the reducing sugar excretion into mediunCbyulgariscells.
Values are expressed as $®M cell™; S.E. < 5%.

Time of 7-Oxalactone type of BR 6-Ketone type of BR
culture Concentration  BL 24-EpiBL HomoBL CSs 24-EpiCS HomoCS  Control
24 h 1012 1.55 1.43 1.31 0.87 0.75 0.63 0.52
108 1.73 1.61 1.50 1.05 0.93 0.81
36 h 10*2 2.05 1.98 1.82 1.43 1.35 1.26 0.69
108 2.28 2.15 2.00 1.60 1.52 1.44
4+ —e—_BR-10°M (24 h)
C —a—BR-10""M (24 h)
35 1 Control (24 h)
- —e—BR-10*M (36 h)
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Fig. 5. Effect of BRs on glycolate
excretion into medium byC. vulgaris
cells (expressed as 10nm cell™; S.E.
< 5%).
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M, in a short period of time (24—-48 h), increase by two to studies conducted o@. vulgarisconfirm the stimulating
three times the efficiency of the developmental cycle of role of BRs in the growth of the content of nucleic acids
C. vulgaris.It was shown that between the 24th and 36th (unpublished results) and proteins (Bajguz and Czerpak
h of cultivation BR-induced stimulation of number of 1996a). The shortening of the developmental cycle and
cells increases by about 50% compared with the control the increase by two to three times its efficiency during a
cultivation of the algae. This unusual fact may be ex- 36-h cultivation of the alga suggest an unusual increase
plained by the expansive activity of BRs upon the cell in the rate of the process of transcription and translation.
genome ofC. vulgaris,despite the use of submicromolar At the same time a diversified impact of BRs, depending
concentrations. An interesting phenomenon is the fact on their chemical structure, upon the content of DNA,
that, 48 h after the treatment of algae with BRs, almost RNA, and proteins, was demonstrated. The highest
complete stagnation occurs in the developmer&.oful- growth of the content of nucleic acids (unpublished data)
garis. and proteins is observed in the case of BL at the con-
BRs participate in the growth of plant tissue in the centration 10 m in the 36th h of the impact of the
processes of transcription and translation. It was demon-hormone upon the cells of the algae (Bajguz and Czerpak
strated that activation of the growth of plant tissue and a 1996a).
higher level of polimerase RNA and DNA are mani- Reactions of photosynthesis and photorespiration as
fested by an increase in the content of DNA, RNA, and well as metabolism of glycolate in algae are known to
proteins (Mandava 1988, Mandava et al. 1987). Our have a course similar to that in vascular plants. The role
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of Rubisco as well as P-glycolate phosphatase in the thesis (Fig. 3) cause an increase of sugarG.inulgaris
production and transformation of P-glycolate is the same cells (Table 2). The change in the content of sugars in the
as in other plants. In turn, photosynthesis in unicellular cells of algae is connected with structural diversity of
algae growing at low concentration of GGhows simi- BRs, as mentioned earlier.
larity to photosynthesis in £type plants (Lloyd et al. The algae excrete a part of photosynthetically assimi-
1977). These facts and our own studies indicate that BRslated carbon as glycolate into medium. It is known that
activate intensively the process of algae photosynthesisChlorella has the photorespiratory glycolate pathway
(Fig. 3). Elements for the process of photosynthesis and metabolizes glycolate. The amount of glycolate ex-
come from the environment, whereas algae use, CO creted depends on several factors: light, ,C&and O,
from photorespiration (LIoyd et al. 1977), whose activity concentrations, the pH of the medium, and the age of the
BRs increase significantly, thanks to the binding of £O cells (Tolbert 1979, 1997, Tolbert and Zill 1956). The
by ribulose 1,5-bisphosphate (Braun and Wild 1984). A main factor causing the activation of extracellular secre-
condition necessary to carry out the photochemical reac-tion of glycolate fromC. vulgariscells is the acidifica-
tion is the participation of the photoreceptor, whose role tion of the environment by BRs (Bajguz and Czerpak
is fulfilled by protein complexes with chlorophyll and 1996b). The change of the value of pH from 6.8 to 6.3
carotenoids. As a result of the studies conducted it was supports the synthesis and secretion of glycolate by algal
found that BRs stimulate about twice the content of the cells. It was found that the effect of stimulation of ex-
chlorophylla andb in the cells ofC. vulgaris(Table 1). tracellular secretion of glycolate is inversely proportional

The excess of synthesized proteins and sugars fromto the decreasing pH of the environment. The highest
the cells of algae is secreted by the cell wall to the effect of glycolate secretion was observed also in the
outside environment. As the most biologically active case of BL at the concentration TOuv, and the lowest
compound, BL not only increases the content of proteins under the influence of homoCS. The lengthening of the
(Bajguz and Czerpak 1996a) and sugars (Table 2) intime of cultivation ofC. vulgarisis accompanied by an
algae cells but also increases the intensity of sugar ex-increased level of glycolate secretion (Fig. 5).
tracellular secretion (Table 4). The differences in the C. vulgariscells grown in a phosphorus-deficient me-
chemical structure of BRs, 7-oxalactone, and 6-ketone dium were characterized by higher glycolate excretion
type, caused by a change in the orientation of the methyl and also by an increased capacity for production and
group by C-24 and, additionally, the lengthening of the metabolism of glycolate (Kozlowska and Maleszewski
side chain by one methyl group, bring about the decrease1994). In the experimental conditions that we applied,
in the rate of secretion of monosaccharides. It was found vulgaris cells were cultivated in complete inorganic me-
that BRs at concentrations 1 and 10% m have a dium. We show that BRs not only stimulated phosphorus
stimulating influence during the entire 36-h cultivation concentration in the cells (Fig. 4 and Table 3) but also
of algae. increased glycolate excretion into the medium (Fig. 5).

One of the key factors influencing the growth and  These facts concerning the extremely high stimulating
development of algae is phosphorus. Phosphorus, mostlyactivity of BRs upon the growth, development, and some
in the form of phosphate remains, constitutes a compo- metabolical processes @f. vulgarisindicate that these
nent of many biological compounds. BR-induced accu- hormones are characterized by unusual biological activ-
mulation of organic and inorganic phosphorus (Fig. 4 ity. The growth and development &. vulgaris under
and Table 3) is useful for algae, as phosphates are sub-the influence of BRs are unusually dynamic, despite the
strates in the reactions of photosynthesis and also enterapplication of submicromolar concentrations. Intensive
the transitional compounds in the Calvin cycle (Mimura stimulation of the biosynthesis of chlorophyll and the
1995). Orthophosphorus is one of the factors regulating processes of photosynthesis and its final products dem-
the course of the dark phase of photosynthesis throughonstrates the most notable influence of BRs upon algae.
activation of a number of enzymes in the Calvin cycle, Organic substances excreted by algae to water have im-
including Rubisco. Orthophosphorus is also used as aportant biochemical and metabolical functions in the
substrate in the reactions of production of the majority of shaping of proper ecological relationships and interac-
transitional compounds in the process of photosynthesis.tions among organisms in the aquatic ecosystem.
The reproduction of this substrate takes place during the
synthesis of final secondary products of photosynthesis, AcknowledgmentaVe thank Dr. Shozo Fujioka (Institute of Physical
such as starch and saccharose (Furbank and Taylorand Chemical Research, RIKEN, Wako-shi, Saitama, Japan) for au-
1995). thentic samples of BL.
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