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Abstract—S-Lathyrine stimulated growth of soybean callus tissue by cell division in the presence or absence of kinetin
It was also active 1n the radish leaf senescence test, but was inactive in the tobacco callus assay and 1n five other tests for

cytokinins

INTRODUCTION

In the course of studies on compounds that stimulate cell
dwvision 1n plants, we observed that the amino acid S-
lathyrine (S-2-amino-3-(2-amimopyrimid-4-yl) propanoic
acid), a constituent of some Lathyrus species [1], caused
growth of soybean callus We report the effects of the
1somers of lathyrine on soybean callus and 1n a range of
other cytokinin bioassays We also describe the interactive
effects of S-lathyrine and kinetin on the growth of
soybean callus

RESULTS AND DISCUSSION

RS-Lathyrine hydrochloride was synthesized by a
published route [2] and desalted Resolution was ac-
complished by conversion to the a-chloroacetyl derivative
followed by selective deacylation of the S-antipode using
hog acylase I and separation of the two compounds by
cation-exchange chromatography The acylated R-
lathyrine was hydrolysed in hydrochloric acid and de-
salted by cation exchange to give R-lathyrine The syn-
thetic S-lathynine was indistinguishable from lathyrine
1solated from Lathyrus tingitanus L, supplhed by
Professor E A Bell

S-Lathyrine (10°%-10"* M) stimulated growth of
soybean callus (Fig 1), with 3 x 10"*M giving greatest
yields Very similar callus yields were obtained when S-
lathyrine was autoclaved 1n the growth medium or was
added to the autoclaved medium by filter sterilization,
indicating that lathyrine was stable to autoclaving R-
Lathyrine did not cause significant callus growth The
activity of RS-lathyrine compared with that of S-lathyrine
suggested that R-lathyrine may have had an antagomistic
effect on the callus growth

The maximum callus yields obtained with S- and RS-
lathyrine were ca six times less than those obtained with
stmilar concentrations of 6-benzylaminopurine (BAP) or
kinetin S-Lathyrine (3 x 10~¢ M) gave callus yields simi-
lar to those obtained with 108 M BAP or 107’ M
kinetin The appearance of callus grown on media con-
tamning lathyrine was similar to that of callus grown on
kinetin Cell number and cell diameter determinations on
callus grown on media containing either kinetin or §-
lathyrine showed that callus weights were proportional to

(4 27)

06}
oaf

o2p

-0z}

—0a}

Callus growth (Log,, g fr wt flask~')

-06}

~-08pk
Control (0 11)

oo.oLi F 1'0

At

-8 10-7 10-¢ 10-%
Concentration (M)

10-4 10-3

Fig 1 Growth of soybean callus 1n response to RS-lathyrine
(O——0), S-lathyrmne (O3——0O autociaved, B——@ filter-
sterilized), R-lathyrine (A——A), kinetin (6——@®) and BAP
(A——aA) 1n combmnation with 11 x 107> M NAA Each pomnt
represents the loganthm of mean callus fresh weight (g) in exght
flasks The data were transformed logarithmically before analy-
sis LSD =0142 (P =005) Figures in parentheses are de-
transformed mean callus fresh weights (g)

cell numbers, and that cell diameters were similar 1n all
treatments (Table 1) Thus, S-lathyrine promoted cell
division and growth of soybean callus

S-Lathyrine (107 M and 3 x 10~ * M) interacted syn-
ergistically with kineun (10~7-1075 M) m promoting
soybean callus growth (Fig 2) S-Lathyrine (3 x 107° M)
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Table 1 Cell numbers and mean cell diameters of soybean callus tissues grown
on culture media contamning 11x107°M I-naphthylacetic acid and §-
lathyrine or kinetin

Callus
fresh Cell number Mean cell diameter
Treatment wt (ng) (cells x 10~ 7 + SE) (um + SE)
Control 121 1744049 8874024
S-Lathyrine 3x10"¢°M 542 858+105 9054035
1x107°M 353 590+076 92114035
Ix107°M 305 4974084 928+029
Kinetin 1x107°M 448 841+136 9344038
1x107°M 980 156+218 898+03t1
SE = standard error
cytokinin  bioassays was studied  S-Lathyrine
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Fig 2 Effects of S-lathyrine on soybean callus growth 1n the
presence of 1 1 x 107°> M NAA and kinetin The concentrations
of S-lathynne tested were zero (Il B),3x10°°M(Q—2A),
107*M (O—=C) and 3x10"°M (A——A) Each pomnt
represents the logarithm of mean callus fresh weight (g) in
eight flasks The data were transformed logarithmically before
analysis LSD = 0124 (P = 005) Figures in parentheses are de-
transformed mean fresh callus weights (g)

also showed significant synergism with kinetin (10~ 7 and
107 M)

In order to obtain some indication of whether lathyrine
was acting as a cytokinn, 1ts activity in a range of

(1078-10"* M) did not stimulate growth of tobacco
callus (results not shown) S-Lathyrine and RS-lathyrine
were active 1 the radish leaf chlorophyll retention
bioassay at 107*-10"2M (Fig 3) R-Lathyrine
(107%-10"2 M) was also active 1n this test, although 1t
gave smaller responses than S- or RS-lathyrine
S-Lathyrine (10™8-10"2 M) showed no significant ac-
tivity 1n five other bioassays for cytokmins (results not
shown) These assays were the Amaranthus betacyanin
synthesis assay, the cucumber chlorophyll cotyledon
greening assay, the cucumber and radish cotyledon expan-
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Fig 3 Effects of S-lathyrine (B——#), RS-lathyrine (0——®@),

R-lathyrine (O——O) and kinetin (A——A) on the retention of

chlorophyll 1n excised leaf discs of radish After 4 days of

incubation in the dark, the leaf discs were extracted with

H,O0-EtOH (1 4)and the A¢gs of the solutions was determined

Each point represents the mean A in five replicates LSD = 579
(P =005)
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sion assays, and the pea lateral bud outgrowth test In all
these tests, kinetin gave the expected responses
Cytokinins are defined as compounds that act mn a
manner similar to kinetin, and 1n particular stimulate cell
dwvision 1n certamn tissue cultures [3] The lack of activity
of lathyrine in a number of cytokimin bioassays, and
particularly the tobacco callus assay, indicates that it
cannot be considered to be a cytokinin S-Lathyrine,
despite 1ts relatively low activity on soybean callus,
enhanced kinetin-induced soybean callus growth This
enhanced growth occurred even at 10~ * M kinetin, which
gave maximum callus yields 1n the absence of lathyrine
This may indicate that S-lathyrine acts n this tissue 1n a
manner different from that of the purine cytokinins
The apparently hmited distribution of lathyrine in plant
species means that 1t cannot be considered to be a plant
growth substance Whether the biological activity of
lathyrine reported here reflects its role 1n the species m
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EXPERIEMENTAL

Synthesis of lathyrine RS-Lathyrine HCl was synthesized
by a published route [2] It was desalted by cation exchange
RS-Lathyrine HCl (2g) was dissolved in H,O (7ml) and
loaded onto a cation-exchange column (Dowex 50W-X8, H*,
450 x 20 mm) The column was washed with H,O (600 ml) and
then eluted with NH,OH (1 M, 800 ml) The basic eluate was
reduced to dryness in vacuo and the residue was recrystallized
from H,O to yield RS-lathyrine (14g), mp > 248° (dec)
(Found C,460,H,55,N,309 C,H;,N,O, requires C,46 1, H,
55,N,308,0,176%)

Synthesis of RS-2-(a-chloroacetamide)-3-(2-aminopyrimid-4-
yl)propanoic acid A soln of a-chloroacetyl chlonde (135 g) in
Et,O (50 ml) and an aq soln of NaOH (1 M, 30ml) were
alternately added over 30 mun to a stirred soln of RS-lathyrine
(5g) m ag NaOH (1M, 150ml, 0°) The soln was evapd
to dryness in vacuo, and the residue was recrystallized from
H,O to give RS-2-(a-chloroacetamido)-3-(2-amimnopyrimid-4-
yl)propanoic acid (5 5 g), mp = 300° (dec) (Found C, 41 8, H,
42, N, 218 CyH;;N,O,Cl requires C,418 H,43,N,217,0,
186,Cl, 1379%,)

Resolution of RS-lathyrine A soln of DL-2-(a~chloro-
acetamido)-3-(2-amimnopyrimid-4-yl)propanoic acid (5g) m
H,O (11) was adjusted to pH 7 by addition of NH,OH (1 M)
Hog acylase I (EC 3 51 14, Sigma, grade II, 0 2 g) was added and
the soln was stirred under N, for 24 hr at 37° The pH was re-
adjusted to 7 and a further portion of acylase (0 2 g) was added
The soln was stirred under the same conditions for 24 hr The pH
was again adjusted to 7 and acylase (01 g) was added The
incubation was continued for 14 hr, then EtOH (420 ml) was
added and the soln concd in vacuo to 250 ml The denatured
protein was removed by centrifugation, and the supernatant was
reduced to dryness in vacuo The residue was dissolved in H,O
(25 ml)and loaded onto a cation-exchange column (Dowex 50W-
X8, H*, 600 x 45 mm) The column was eluted waith 001 M Na
atrate buffer, pH 5, at 43 ml/hr The eluate was monitored at
254 nm Fractions corresponding to the second peak to elute
were combined and reduced to dryness in vacuo The residue was
recrystallized from Me,CO-H,O to yield S-lathyrine (1 7 g), mp
> 250° (dec), [«]%’ —630° (H,O, c 23 5mmol) Fractions cor-
responding to the first peak to elute were combined, reduced to
dryness in vacuo, and the residue refluxed in aq HCI (1 M, 20 ml)
for 1 5 hr The soln was loaded onto a column of Dowex S0W-X8,
H™* (150 x 25 mm) and washed with H,O (450 ml) The column
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was then eluted with NH,OH (1 M, 450 ml) and the eluate dried
i vacuo The residue was recrystallized from Me,CO-H,O to
give R-lathyrine (067 g), mp > 250° (dec), [«]%’ +64 1° (H,0,
¢ 224 mmol) A sample of S-lathyrine 1solated from Lathyrus
tingitanus L (supplied by Professor E A Bell) had mp > 250°
(dec) and [a]E’ — 63 9° (H,O, ¢ 213 mmol)

Bioassays The soybean and tobacco callus bioassays were
carried out using the procedures of refs [4] and [5], respectively
All compounds were autoclaved in the media, except where stated
otherwise Assays were carried out using 3 pieces of callus on
25 ml medium, and the callus was weighed after 4 weeks growth
Cell number determuinations 1n soybean callus pieces were based
on the techmque of ref [6] Weighed callus pieces were
suspended in 10 M HCl-chromic acid-H,O (1 1 20) (5 ml/g) for
24 hr, and then shaken vigorously for 10 min The cell suspen-
sions were repeatedly drawn into a Pasteur pipette, diluted
suitably, and then counted on a Segwick Raphter shde The
number of cells 1n a pieces of callus was calculated from the mean

of tha numhare af nalle 1n M) canarac calactad at randam Maan
O1 Ui DUIMGSTS Oi CCuLS I v SGQUATTS SCISCICh Al TanGom vVadal

cell diameters were calculated from two diameter measurements
on each of 20 randomly selected cells Measurements were made
using a microscope at 60 x magnification

The radish leaf chlorophyll retention assay was carried out
using the method of ref [7], and the radish cotyledon expansion
assay using the method of ref [8] Radish seeds (Raphanus
satwus L cv Long Scarlet, Market Strain) were obtained from
Yates and Co, New Zealand The Amaranthus betacyanin assay
was carned out according to ref [9] Seeds of Amaranthus
candatus L cv Love Lies Bleeding were obtained from Charles
and Sharpe, Lincoln, UK The cucumber chlorophyll synthesis
assay was performed according to ref [10], and the cucumber
cotyledon expansion assay was carried out according to ref [11]
The pea bud assay was carried out according to ref [12]
Cucumber seeds (Cucumis satwus L cv Telegraph) and pea seeds
(Pisum sativum cv Alaska) were obtained from Dickson, Brown
and Tate, Llangolien, UK

The LSD, calculated using the studentized range Q method,
was used to compare means of treatments at the P = 0 05 level In
some experiments the biological error was related to the magni-
tude of the results In such cases the data were first transformed
using a logarithmic transformation n order to stabilize the
variance
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