BRASSINOSTEROIDS IN THE VEGETABLE KINGDOM

N. V. Kovganko UDC 547.92

This review gives literature information on the structure of brassinoids, which are
natural plant growth regulators, and on their distribution in plants and their struc-
ture—biological activity relationships.

Among the large number of natural substances capable of acting on the growth and develop-
ment of plants that have been detected in recent years [1l, 2], a special position is occupied
by the brassinosteroids [2-15]. The uniqueness of this group of C,,—C,, polyhydroxysteroids
consists in the fact that they belong to the class of phytohormones and, in plants, exert reg-
ulatory functions in combination with other phytohormones (auxins, gibberellins, cytokinins,
abscisic acid, and ethylene [16-18]). The discovery of brassinosteroids in plants has forced
specialist in the field of physiology to undertake a substantial revision of their ideas on
the phytohormone system and the principles of its functioning.

The name of the group of polyhydroxysteroids under discussion was obtained from its Ffirst
representative [brassinolide (1)] isolated in 1979 from the pollen of Brassica napus [19].
Initially, a complex mixture of compounds called brassins was obtained from this source [20-
22). This mixture possessad the capacity for strongly accelerating the growth of plants. At
the same time, its action differed from that of the phytohormones then known [23, 24]. Thus,
the brassins caused not only growth but also division of the plant cells. As the result of
many vears' investigations, the active principle, brassinolide, was isolated from the brassins.

The structure of brassinolide has been reliably established by x-ray structural analysis [19,
25].

It follows from Table 1, which gives the structural formulas of the natural brassinoster-
oids, that brassinolide is a steroidal polyhydroxylactone. Characteristic for the brassinol-
ide molecule is the presence of a C,, steroid skeleton with a transformed ring B, which is
seven-membered as the result of the insertion of an oxygen atom between C-6 and C-7. It may
be concluded from Table | that the presence of a 22R,23R-diol grouping in the steroid side
chain is characteristic for all brassinostercids. At the same time, in ring A of a brassinoster-
oid there may be a 2a,3e¢-, 28,3a-, or 28,3B-diol grouping or an isolated 3a- or 3f-hydroxy
group. Depending on the structure of ring B, the brassinosteroids can be divided into three
structural types: the first comprises compounds containing a lactone grouping in ring B, while
the second (the most numerous) consists of 6-ketosteroids. The brassinosteroids of the third
type, having a six-membered ring B without oxygen-containing functional groups is fairly
small. The structures of concrete representatives of the brassinosteroids will be considered
according to this classification.

An isomer of brassinoiide is 24-epibrassinolide (2). This phytochormone was first synthe-
sized by several groups, and only in 1988 was it identifed in the pollen of the vetch Vicia
faba by chromato-mass spectrometry. The proof of the identity of the natural and synthetic spec-
imens was based on a comparison of the retention times of their bismethylboronates. While
in the brassinolide molecule the C-24 center has the S configuration, the R configuration is
characteristic for 24-epibrassinolide.

Using chromato-mass spectrometry, similarly, 28-norbrassinolide (3) and 28-homobrassino-
lide (4) were detected in higher plants [27, 28). They were shown to be identical with the

corresponding synthetic specimens by a comparison of the chromatographic characteristics of
their bismethylboronates.

The brassinosteroid dolicholide (5), also belonging to the lactone group, was isolated
in 1982 from the seeds of hyacinth dolichos Dolichos lablab (also called Egyptian or hyacinth
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beans and lab-lab) [29]. The structure of this compound as the 24(28)-dehydro derivative

of brassinolide was established by the combined use of physicochemical methods, with a compari-
son of the PMR spectra of dolicholide and brassinclide being of decisive importance. There
were only slight differences in the spectra, due to the absence of the 24-methyl group and

the presence of a 24(28)-methylene group in the dolicholide molecule. A comparison of the
chemical shifts of the other signals showed the presence in the dolicholide molecule of 2a,3a-
and 22R,23R-diol groupings and a lactone group in ring B.

On continuing the studv of the brassinosteroids in D. lablab, another polyhydroxylactone,
homodolicholide (6), was isolated [30]. As compared with dolicholide, homodolicholide contains
an additional methyl group, attached at C-28. Its presence follows from the PMR spectrum,
which contains a signal in the form of a doublet of doublets at 1.72 ppm. In addition, the spec-
trum includes the signals of protons at C-2, C-3, C-5, C-7, C-22, and C-23 the positions of
which coincide with the positions of the analogous signals in the PMR spectra of brassinolide
and dolicholide, which shows the presence in the structure of (6) of 2a,3a- and 22R,23R-diol
groupings, and also of a lactone ring B.

A representative of the brassinosteroids with a 6-keto group is castastercne (7), which
was first isolated from insect galls of the chestnut Castanea crenata [31]. Isomers of casta-
sterone are 24-epicastasterone (8) [32] and 3,24-diepicastasterone (9) [26], the presence
of which was first established in the green marine alga Hydrodictyon reticulatum and unripe
seeds of the bean Phaseolus vulgaris, respectively.

Brassinone (10) has the structure of 28-norcastasterone. This 6-keto-brassinosteroid
was first identified in unripe seeds of the Chinese cabbage Brassica campestris var. pekinen-
sis, the leaves of green tea Thea sinensis, and insect galls of the chestnut Castanea crenata
[27]. Another 6-ketone has also been detected in Chineses cabbage and green tea — (24S5)-24-
ethylbrassinone (11), which is 28-homocastasterone [27]. The identification of the brassino-
steroids (10) and (11) by Abe et al. [27] was achieved by a comparison of the retention times
of the bismethylboronates of natural and synthetic specimens on gas chromatographic analysis.

The brassinosteroids dolichosterone (12) and homodloichosterone (15) are also 6-ketones.
These compounds were first isolated from unripe seeds of hyacinth dolichos Dolichos lablab
[33]. The coincidence of the parameters of the PMR spectrum of dolichosterone with those of
the spectrum of dolicholide, except for the presence in the second case of signals at 3.11
and 4.09 ppm of protons at C-5 and C-7, was of fundamental importance. The positions of these
signals are characteristic for the spectra of brassinosteroids with lactone rings B, and there-
fore their absence in this region of the spectrum of dolichosterone permitted it to be assigned
the structure (22R,23R)-2a,3a,22,23-tetrahydroxy-5a-ergost-24(28)-en-6-one {33]. In its turn,
the PMR spectrum of homodolichosterone is very similar to that of dolichosterone, except for
the presence of the signals of an ethylene group in the side chain. This fact makes it pos-
sible to establish that homodolichosterone is (22R,23R)-2a,3a,22,23-tetrahydroxy-5c-~stigmast-
24(28)en-6-one.

The 6-ketosteroids include 25-methyhldolichosterone (13) [34] and 25-methyl-2,3-dihydro-
dolichosterone (4) [35], detected in the seeds of the bean Phaseolus vulgaris. These brassin-
osteroids are characterized by a not completely usual C-29 steroid skeleton with an additional
methyl group at C-25. An investigation of the composition of the sterols in the seeds of P.
vulgaris [41] showed that one of the components of the 2Z4-methylsteroids has the same carbon
skeleton as brassinosteroids (13) and (14) and is probably a bioprecursor of them. Attention
is also attracted by the presence in the 25-methyl-2,3-diepidolichosterone molecule of a 28,
3R-diol grouping, which is more characteristic of phytoecdysteroids [42, 43].

The brassinosteroids considered so far have contained a 2,3-diol groyping as one of
their main structural fragments. However, at the present time two brassinosteroids having only
one hydroxy group in ring A, at C-3, are known — typhasterol (16) and teasterol (17). Typhas-
terol was first detected in the pollen of the cattail Typha latifolia in 1983 [36, 44]. From
25 kg of pollen it was possible to extract only 1.7 mg of the brassinosteroid (16). A compari-
son of the PMR spectra of typhasterol and castasterone, showing a coincidence of the chemical
shifts of the signals of the methyl groups, permitted the identity of their side chains to
be established. The hydroxy groups in the PMR spectrum of typhasterol were represented by
signals at 3.56 ppm (H-22 and H-23) and 3.72 ppm (H-3). The CD spectrum of typhasterol had
a negative Cotton effect with its maximum at 294 nm, which indicated the presence of a 6-keto
group and of a trans-A/B linkage. Since the H-3 signal in the PMR spectrum had a half-width
of 8 Hz, the 3-hydroxy group geminal to it is axial and therefore has the a configuration. In-
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dependently of Schneider et al. [36], although somewhat later, brassinosteroid (16) was isola-
ted under the name 2-deoxycastasterone from the pollen of Pinus thunbergii [37].

The brassinosteroid teasterone (17) acquired its name by virtue of the fact that it was
first detected in the leaves of green tea, Thea sinensis [38]. The structure (22R,23R,245)-
38,22,23~trihydroxy-50-ergostan-6-one was established for teasterone by a TLC and GLC com-
parison of natural and synthesized specimens (as their 3-trimethylsilyl-22,23-methylboron-
ates).

The third structural type of brassinosteroids unites compounds having neither lactone
or ketone groups in ring B. These substances include 6-deoxocastasterone (18) and 6-deoxodol-
ichosterone (19). which were first detected in unripe seeds of the bean Phaseolus vulgaris
[39]. The structure (22R,23R,245)-2a,3a,22,23-tetrahydroxy-5a-ergostane was assigned to 6-
deoxocastasterone after an analysis of the mass spectrum of its bismethylboronate. The correct-
ness of this structure was confirmed by a comparison of a natural specimen with the substance
obtained by the Huang-Minlon reduction of the 6-keto group in the castasterone molecule. Anal-
ogously, 6-deoxodolichosterone (19) has the structure (22R,23R)-2a,30,22,23-tetrahydroxy-5a-
ergost-24(28)-ene, which has been confirmed by a comparison with the synthetic substance.

Later [40]}, the brassinosteroids (18) and (19) were more correctly called 6-deoxodihy-
drocastasterone and 6-deoxodihydrodolichosterone, as we have reflected in Table 1. However,
since the original names have come into wide use in the scientific literature, we have re-
tained them. Yokota et al. [40] have also reported the identification of another new brassin-
osteroid, 6-deoxodihydrohomodolichosterone (20), which, judging from the mass spectrum of its
bismethylboronate, has the structure (22R,23R}-2a,3a,22,23-tetrahydroxy-5a-stigmast-24(28)E-
ene. A substance with this structure has been synthesized, and a comparison of it with the
natural brassinosteroid showed their complete identity.

Before discussing the distribution of the brassinosteroids in plants we must dwell on
methods for their analysis. Since these phytohormones are contained in biological materials
in extremely low concentrations, their direct isolation by traditional phytochemical methods
is possible only in individual cases. Special methods of instrumental analysis are therefore

used to determine brassinosteroids in plants: in the first place, chromato-mass spectroscopy
[28, 45-47].

Because of the large number of hydroxy groups, brassinosteroid molecules are distinguished
by thermal lability and low volatility. In view of this, volatile derivatives are used for
gas-chromatographic analysis. The most convenient products for gas-chromatic analysis are
those obtained by heating the brassinosteroids with methylboronic acid [28, 45]. In this reac-
tion, brassinosteroids with hydroxy groups in the 2a,3a,22, and 23 positions form the 2,3,
22,23-bismethylboronates (21) and (22), in which all the hydroxy groups have been substituted.
Trihvdroxybrassinosteroids, which include, for example, typhasterol. form monomethvlboronates
under these conditions and therefore additional protection of the 3-hydroxy group by the form-
ation of the trimethvlsilyl ether (23) is necessary [47].
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In the combination of gas chromatography with mass spectrometry the brassinosteroid der-
ivatives issuing from the column are vecorded from their characteristic peaks in the mass
spectrum. Since in the commonest, electron-impact, mass spectra the peaks of the molecular
ions of the brassinosteroids are absent or are weak, chemical-ionization mass spectra are
used. In these spectra intense (M + H)t peaks are observed which are usually used for record-
ing in the mass fragmentography regime [28]. This method permits the analysis of nanogram
amounts of the brassinosteroids.
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TABLE 1. Natural Brassinosteroids

Nal;gémgg;ecular Structural formula T mp, °C i’iit_gr“-
HO
1. Brassinolide 19, 25
C3sHaO4
2. 24-Epibrassinolide 2%
CuHOs
8. 78-Norbrassinolide o7
CarH 6O
4. 28~Homobrassinolide HO 4, OH 28
CaoHisgOs C{
HOYSN-E% 0
H
5. Dolicholide 234-238 29
CasHgUsg ( ag. MeCX)
OH
»,
6. Homodolicholide 227—228 30
CaHesO4 HO 4, OH ( 39. MeCX)
HOY a 0
0 OH
%,
7. (éasﬁas&erone HO o, OH 259—261 31
2851805 Ho (aq. MeCN)
Ho
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TABLE 1 (Continued)
Name, molecular Structural formula T.mp, °C Litera-
formula ture
OH _
8. 24-Epicastasterone 32
CsHaOs
9. 3, 24 - Diepicaster- 2%
sterone CayH30s
2,
HO | OH
10. Brassinone “ or
CaHyeOs HO ®\%=
Hp
11. (245)-24-Ethvlbrassin= 27
one CplgOy
12. Dolichosterone 233~237 33
Cafl,O; (aq.MeCN)
13. 25-Methyldolicho- 34
sterone C,qgH, g0g
14, 25-Methyl-2,3-diepi- 35
dolichosterone
Capa O
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TABLE 1 (Continued)

Na?sl,.m:‘xl);ecular Structural formula T.mp, °C Literature
08 -~ 204—208 33
/)\[ i = (aq.MeCN)
15. Homodolichosterone G ‘ tﬁ CH
H,sO; K !”q .
HO S 5
HO
OH 227230 36
“ (CHClz—MeOH)
231-233 37
16. Typhasterol (2-de- OH
oxycastasterone) (:er (ag.MeCN)
H,sO SN
Cza 48N HO\ H_.:
0
OH
OH "
17. Teasterone ,l/\
CusHuO, HO s
J H 0
OH
4,
39
18. 6-Deoxocastasterone | HO, ., J. OH
(b-deoxodihydroca- ¢
stasterone) HO Y N2
Hg0 O H v
2 j\/u\
P
19. 6-Deoxodolichos~ v J\/\XL__}CH 39
terone (6-deoxodihy-| e lAs
drodolichosterone) ) \,!\/U
CaHsO4 -i5 }__;
oH ~
20. 6-Deoxodihydrohomo- OH
dolichosterone H0, 40
CaoHio0, e
l =
H

It has aiso been proposed todetermine brassinosteroids in the form of bisnaphthylboron-
ates by high-performance liquid chromatography [48]. In this method the intense UV absorp-
tion of naphthalene rings at 280 nm is used for detection.

The bulk of the information on the distribution of brassinosteroids in plants has been
obtained with the aid of chromato-mass spectrometry in the mass fragmentography regime (Tabie
2). On analyzing this table it is possible to draw the conclusion that brassinosteroids are
widely represented in higher plants. They have been detected in the main families of angio-
sperms, such as the Leguminosae, Cruciferae, Gramineae, Betulaceae, Apocvnaceae, etc. There
are also brassinosteroids in gymnosperms, representatives of which are the Pinaceae. The de-
tection of (24S)-24-ethylbrassinone and 24-epicastasterone in the green alga Hydrodictyon
racemosum {32] may serve as an indication of the presence of brassinosteroids in lower
plants, as well.

The largest amount of brassinosteroids is produced in plant pollen. In addition, they
have been detected in unripe seeds, shoots, leaves, and insect galls. Also of interest is the
recent [49] detection of the presence of brassinolide and castasterone in the cells of galls
of Madagascar periwinkle cultivated in vitro.
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The most characteristic property of the brassinosteroids is their capacity, in very low
concentrations, for exerting an influence on the growth and development of plants.. In the
very first study on the isolation of brassinolide in the pure form [19] it was established
that this compound in doses of >10 ng/plant caused both elongation and division of the cells.
Investigations were undertaken on the plant-growth regulating activity of brassinolide in the
auxin [60] and the gibberellin and cytokinin [61] bioassays. It was established that the bi-
ological action of brassinolide was not similar to those of these phytohormones. It exhib-
ited activity in a number of the tests but in others was only feeblv active or not at all. A
synergistic action of brassinolide with indolyacetic acid was observed in some biotests.

The quantitative evaluation of the plant-growth regulating activity of the brassinoster-
oids required the development of special biotests. These include tests on the first and sec-
ond internodes of the kidney beam proposed by American workers [62-64].

A test using rice, Oryza sativa, shoots is considered highly specific for brassinoster-
oids [65-69]. In this biotest, the size of the angle between the leaf blades and the stem of
rice is used for the quantitative evaluation of the biological activities of brassinosteroids;
it depends both on the structures and on the concentrations of phytohormones present in solu-
tion. Brassinolide causes an appreciable inclination of rice laminae, in comparison with a
control, in a concentration as low as 0.0005 pg/ml. A representative [70] of the auxins (indolyl-
acetic acid) exhibits activity in this biotest only at a concentration of 50 ug/ml.

Radish, Rhapanus sativus, shoots are also used for measuring the plant-growth regulating
activity of the brassinosterocids [71]. Under the action of brassinolide a lengthening of the
hypocotyles, of the cotyledon petioles, and of the plant as a whole is observed. Brassino-
lide possesses an appreciable activity even when its solution is diluted to 0.0001 ppm. Simi-
lar in use is a biotest on tomato, Lycopersicon esculentum, shoots [71], in which the magnitude
of the biological activity is estimated from the lengthening of hypocotyles when shoots are
immersed in solutions of the compounds under investigation.

We may also mention a test developed recently [72] using the unrolling of wheat leaves
as a specific response to brassinosteroids.

The results of the study of the plant-growth stimulating activity of the brassinosteroids,
both natural and synthetic, permit a number of conclusions to be drawn on the structure—func-
tion relationships in this series. In Table 3 we have gathered information on the relative
activities of brassinosteroids in various biotests. It can be seen from this that, although
the biotests do not correlate with one another, brassinolide is the most active phytohormone
in all of them. The brassinolide molecule apparently has the optimum set of functional groups
for effective binding with the receptors to form hormone-receptor complexes. Only 28-homo-
brassinolide in the test on the inclination of rice leaf laminae and 28-norbrassinolide and
(22S,23R, 24R)-brassinolide in the test on radishes are not inferjor in activity to brassino-
lide. It may be concluded that in the brassinosteroid series ketones are, in general, less
active than lactones. The 6-deoxobrassinosteroids are still less active {40). Numerous in-
vestigations using synthetic compounds and the rice lamina inclination test [73-76] have shown
that the replacement of the oxygen atom in the lactone ring by a nitrogen or sulfur atom, the
substitution of the 2a,3a-diol grouping, a shortening of the side chain, and the elimination
of the 22,23-diol grouping all lead to a decrease in activity.

It must, however, be mentioned that laboratory biotests cannot give a complete idea of
the plant-growth regulating activity of the brassinosteroids and their analogs. This requires
more profound investigations under hothouse and field conditions. In this connection we must
mention the fact that a synthetic steroid having the structure of (22R,23R,24S)-2a,3a-isopro-
pylidenedioxy-22,23-epoxy-7-oxa-B-homo-5a-stigmastan-6-one exhibited no plant-growth stimulat-
ing activity in the biotest for ‘the deviation of rice leaf blades [77], but, nevertheless,
under field conditions, when radish seeds were treated with a solution of this compound in
a concentration of 0.001 ug/ml a greater increase in yield was obtained than in the case of
brassinolide. This and other facts known at the present time open up considerable prospects
for finding compounds suitable for practical use in agriculture among brassinosteroid analogs.

It has been shown {78;.that, under hothouse and field conditions, some brassinosteroids,
such as 24-epibrassinolide, in a concentration of 0.001-0.1 mg/liter considerably accelerate
the vegetative growth of bariey, kidney-bean, and lettuce shoots and thereby increase their
crop yield. A high biological activity of 24-epibrassinolide for the bean has also been con-
firmed in {79]. However, here it is reported that this brassinosteroid in a concentration of
0.1-1 ppm has no appreciable action on wheat, maize, and cranberry shoots. It was also estab-

141



au0iv3SoYOTITOPOX0B(J-9

wr. BU0IIISB]SBI0X03(-9
9¢' g BUO0I33SBISE)
9808 aprjoutrsseag
&m.om_mm 0Cc9 UOIISOYDT [ opowoy
18'95°0¢ cos SpT1oYoTOPOWOH
16'99°¢€ ocst |U0IBISOYITTOA spess qejqe|
28'9G'6C 00.% aprioyd1iod adraup soYo1100] aesoujwnday
G5 8T ¥'8 3uUoas1SoYdT]0g jaed eajies
55'82 9'el 3U0IaISBISE) Teadrdy v2£10 ataujwes)
87 0008 auoutrsseag
mm Oomm QUOIL]SBISE) s]ien
%G 0— auoursseag
mm m.m.m QAU0IB]SEISB)
83 9c 8pITOUISSBIqION~-8T wnsourades
8% €z SpPITOUISSPIY S8ABY] wnijiisfqg eddepijewRwely
139 BUO0JI3]SPISBI0X09(-9
$6'8%° LT 011 auoOUISSERIg
$S'EC 9 1882 01t BUOXD]SEISE) AIEIP)
ve'egtor'sgl 01 spr{ourssexg S11e5 paue)sED) aeadedey
4 00g suoutrsselg Speas eaindind
4 0011 3UCIBYSBISED adraup siliqaenq 2P3DE|NAOIBALOD
¢ 00 suole)selsestdy-yy juerd wnjeindal
rés 00" AUOUTSSeIqTAUIT-4Z-(SNT) aToyy uof13fposply aeasfydolojyd
9222 £l'o suoursseaqiAy3Id-wz-(S47)
82°.¢C 80 auoutsseag
mm.wv.wm OOJ auolalselse)d
82'12 $90BIL BpPTI[OUISSEIqOWOoH-87
83 [ | BpPITOUTSSBIqQION-BT spoes sysuau|yod
15°9v'82 v'6 3prjoutsseag adraup Jea syiisadwed eajsselg aeadedisselg
61 s00 X1 oprIouIsSselq usjlod sndeu eaysserg agaredysselqg
s auol1sjlselse) esouyIntd
(e BpIIOUISSRIg uajjogd snuyy aeadejfiag
e¥ SUOIB]SE]SE] 51700 178 $13503
6F aprioursseaqg p338ATIIIN) snyfjuereyiery aeadeukdody
9 S ’ € 4 1
aanjeIality [Bu ‘junouy proisjsoursseag ueldig saT1oadg ATtwey

sproaeisoutrssexg Suronpoid sijueld ‘7 ATEVI

142



eljojlig|
2 201 X8'9 1o1a3seydig usy10d eyd4y oeadeydAy
> 919 8u013]15ed]L
2 sl Toxa3seydL]
8c° 1T o9y 0 auoutsseIqiAuyIz-+2-(Sve)
wN..hN O-N auoutrsseag
€5'95°8Z o'oll JUOIB]ISEISED sisuauls
Omo®v ‘87 O.v 3pTIouUISsSeay BV ACY| vayy aeadeayt
£ 01X6'8 1oxa3seydAy sj004g n8saquiy snuld seadeUld
g6 000L 103a3seydAy s{suaydls
sg 0008 3U0IaIseyIse) s300US €31 aeadeuld
mv.wm auoursseayg
8b'9g aU0133SeISE)
898 008 apyioutsseiqidi-vg eqe}
8h'9Z 01 X6°1 sprloursselg uajiod BIJIA aesoujwnday
ge puo1a3soys1opIdaTp-¢ ¢ - TAYIBN-G2
O YUOIBISOYITTOPOWOYOIPAYTIPOXOB(J-9
ob apIloursselg
te 088 8U0I2]SoYOTITOPTAYIBN-GT
ob'6e 3UOIIFSOYDTIOPORO3G~9
ob'6¢ QU0IBISPISBOOX03(]~-9
0v‘6¢ auoJIalSeIsSe) spaas spedyna
ob'6¢ apiioyoiioq adraup snjoaseyd aesoujwnday
9 s v z | !

(penur3uod) 7 FTEVL

143



TABLE 3. Relative Plant-Growth-Stimulating Activities of

Brassinosteroids
Activity in the assay®
Brassinosteroid O:yzs sativa |Rhapanus sati| Lycoressicon
170} vus [i1] esculentum
1mj
Lactones:
Brassinolide 100 100 100
24-Epibrassinolide 10 10 10
(225.238,24R)-Brassinolide 5—10 100 3
28-Homobrassinolide 100 10 1
(228,238)-28-Homobrassinolide 57 3 1
EZaR)—ZS—Homohrassinolide 10 1 ]
22S8,23S5,24R)-28-Homobrassinolide 5 0,5 1
28-Norbrassinclide 5 100 10
(22S,238)-28-Nurbrassinolide I 10 1
(22R,23S)-28-Norbrassinolide 0.1 1 0.1
(225,23R)-28-Norbrassinolide 0,65 1 0,5
Ketones
Castasterone 50
éZhS)-Zh-Eth lbrassinone 50 1 0,3
228,238,248)-24-Ethylbrassinone 0.5 0,01 0
(24R)-24-Ethylbrassinone i 0.1 0
(228,235,24R)-24-Ethylbrassinone 0.5 0,03 0
Brassinone 5 3 1
(228,238)-Brassinone 0.1 0,3 0.3

*In percentages of the activity of brassinolide.

lished that under the action of brassinosteroid (2) the growth of wheat and maize roots is in-
hibited.

It is reported in a patent [80] that 28-homobrassinolide in a concentration of 100 ppm
increases the growth of the epigeal part of tomato shoots by 607 in three days.

An ability to increase the crop yield of maize, wheat, rice, soybeans, and other agricul-
tural plants has also been found for brassineclide [81]. Thus, spraying the plants with a 0.0l
ppm solution of brassinolide increases the total mass of grain in ears of wheat.

A new method of growing potatoes has been proposed one of the features of which consists
in the spraying of the leaves and stems of the growing plants with a solution of brassinolide
[821. With three spravings at weekly intervals of a potato plant with solution so brassino-
lide in a concentration of 1072-10"" ppm, starting three days after flowering, the weight of
tubers increased about one-and-a-half times in comparison with a control.

One of the characteristic features of the biological action of the brassinosteroids and
their analogs is their capacity for increasing the resistance of plants to unfavorable envir-
onmental conditions. Thus, it has been established [83] that 24-ethylbrassinolide and (228,
235,24R)-brassinolide, and also their tetraacetates, decrease the crop losses caused by the
salinization of the soil or by the use of herbicides. When rice seeds were treated with a
solution of 24-epibrassinolide in a concentration of 1072-10"7 ppm two days before sowing the
retardations of growth caused by the herbicides benzothiocarb and butachlor was prevented.
The growth of rice at a low temperature is laso stimulated by treatment with brassinolide be-
fore budding [84]. Thus. from the combination of their effects the brassinosteroids are anti-
stress agents — a promising group of plant growth regulators [85]. Their use is extremely
important for our country, where agriculture is frequently carried out under extreme weather
conditions.

Since the brassinosteroids are close in structure to the ecdysteroids, it appears impor-
tant to study their activity as insect-molting hormones. With this aim, Adam et al. [87] in-
vestigated the influence of brassinosteroids on the evagination of the imaginal disks of Phorm-
ia terranovae pupae. It was found that, while ecdysterone caused 85 to 1007 evagination of
the disks in concentrations of 107°% and 107° M, respectively, the brassinosteroids possessed
a considerably lower actiitv. Of the compounds studied, only homodolicholide and castasterone
exhibited a slight activity in a concentration of 10™* M, and in a concentration of 107° M
this was lost completely.

More interesting proved to be the antiecdysteroid action of the brassinosteroids, which
was evaluated from the suppression of the activity of ecdysterone added ina concentration 1077
M. The greatest inhibiting action on the evagination of imaginal disks was shown by castaster-

144



one and (225,235)-28-homobrassinolide, which, at a concentration of 5 x 107° M completely sup-
pressed the activity of ecdysterone. In view of the fact that castasterone acts as an ecdy--
steroid in this test, it may be assumed that the cause of the inhibition is the competitive
binding of the btrassinosteroids with the ecdysteroid receptors [86]. It has also been estab-
lished recently that (225,235)-28-homobrassinolide added to its food kills larvae of the cock-
roach Perplaneta americana as a result of the inhibition of the molting rocess [87].

Thus, an antiecdysteroid action is charcteristic for the brassinosteroids. From an analy-
sis of numerous facts we have drawn the conclusion that various groups of steroids, such as
cardiac glycosides, steroid saponins and alkaloids, withasteroids, and phytoecdysteroids, are
produced in plants to prevent their being eaten by herbivorous animals, especially insects.

At the same time, the brassinosteroids, which are present in plants in extremely low concen-

trations, are typical regulatory agents. Consequently, at the present day it seems unlikely

that the brassinosteroids are involved in the chemical-ecological interrelationship of plants
and insects.
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A COMPARATIVE INVESTIGATION OF THE FATTY ACID COMPOSITIONS
OF THE SEEDS OF A NUMBER OF LINES OF A GENETIC COLLECTION OF

Gossypium hirsutum

S. G. Yunusova, S. D. Gusakova, UDC 665.335.9
A. I. Glushenkova, U. K. Nadzhimov,
Sh. Turabekov, and S A. Musaev

A comparative analysis has been made of the amounts of lipids and their fatty-acid
compositions in the seeds of the lines of agenetic collection of cotton piants of
the species Gossypium hirsutum and their hybrids and the variety Tashkent-1. The re-
sults obtained on the fatty-acid compositions of some hybrids make ‘it possible to
recommend the use of indiviudal lines of cotton plants as donors for improving the
food-value indices of cottonseed oil.

In various branches of industry a demand exists for vegetable oils with a definite index
of oxidation resistance, which depends on the level of polyunsaturated acids in the oil and
their distribution in the triglyceride molecules. Thus, a high concentration of the monoun-
saturated oleic (18:1) acid is preferred in oils subjected to heat treatment (refractory oils),.
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