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Abstract--S-Lathyrtne sttmulated growth of soybean callus tissue by cell dlvlslon m the presence or absence of kmetm 
It was also active m the radish leaf senescence test, but was mactlve m the tobacco callus assay and m five other tests for 
cytokmms 

INTRODUCTION 

In the course of studies on compounds that stnnulate cell 
dlvlslon m plants, we observed that the ammo acid S- 
lathyrme (S-2-ammo-3-(2-ammopyrmud4yl) propanolc 
acid), a constituent of some Lathyrus species [ 11, caused 
growth of soybean callus We report the effects of the 
isomers of lathyrme on soybean callus and m a range of 
other cytokmm hoassays We also descnbe the interactive 
effects of S-lathyrme and kmetm on the growth of 
soybean callus 

RESULTS AND DISCUSSION 

RS-Lathyrme hydrochlonde was synthesned by a 
pubhshed route [2] and desalted Resolution was ac- 
comphshed by conversion to the achloroacetyl denvatlve 
followed by selective deacylatlon of the S-antipode using 
hog acylase I and separation of the two compounds by 
cation-exchange chromatography The acylated R- 
lathyrme was hydrolysed m hydrochloric acid and de- 
salted by cation exchange to give R-lathynne The syn- 
thetic S-lathyrme was mdlstmgulshable from lathyrme 
isolated from Lathyrus tlngtitanus L, supphed by 
Professor E A Bell 

S-Lathyrme (10-6-10-4 M) stimulated growth of 
soybean callus (Fig l), with 3 x 10e6 M gwmg greatest 
yields Very slrmlar callus yields were obtamed when S- 
lathyrme was autoclaved in the growth medium or was 
added to the autoclaved medium by filter stenhzatlon, 
indicating that lathynne was stable to autoclavmg R- 
Lathyrme did not cause sign&ant callus growth The 
activity of RS-lathyrme compared with that of S-lathynne 
suggested that R-lathyrme may have had an antagonistic 
effect on the callus growth 

The maximum callus yields obtained with S- and RS- 
lathynne were ca SIX times less than those obtained with 
similar concentrations of 6-benzylammopurme (BAP) or 
kmetm S-Lathyrme (3 x 10e6 M) gave callus yields slml- 
lar to those obtamed with lo-* M BAP or lo-’ M 
klnetm The appearance of callus grown on medta con- 
taming lathynne was sumlar to that of callus grown on 
kmetm Cell number and cell diameter determmatlons on 
callus grown on media contammg either kmetm or S- 
lathyrlne showed that callus weights were proportional to 
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Fig 1 Growth of soybean callus m response to RS-lathyrme 
(O-O), Slathyrme (O-O autociaved, m--m filter- 
stenhzed), R-lathyrme (A-A), kmetm (O--O) and BAP 
(AA) m combmation with 1 1 x lo-’ M NAA Each pomt 
represents the logarithm of mean callus fresh weight (g) m eight 
Basks The data were transformed loganthmlcally before analy- 
SIS LSD = 0 142 (P = 0 05) Figures m parentheses are de- 

transformed mean callus fresh weights (g) 

cell numbers, and that cell diameters were slmdar m all 
treatments (Table 1) Thus, S-lathyrme promoted cell 
dlvlsion and growth of soybean callus 

S-Lathyrme (lo-’ M and 3 x lo-’ M) interacted syn- 
ergstlcally with kmetm (1O-7-1O-5 M) m promoting 
soybean callus growth (Fig 2) S-Lathyrme (3 x 10e6 M) 
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Table 1 Cell numbers and mean cell diameters of soybean callus ttssues grown 
on culture media contammg 1 1 x lo-’ M I-naphthylacetlc acid and S- 

lathyrme or kmetm 

Treatment 

Callus 
fresh Cell number Mean cell diameter 

wt (mg) (cells x lo-’ &SE) (rm f SE) 

Control 121 174*049 887+024 

S-Lathyrme 3 x lOm6 M 542 858*105 905*035 
1 x lo-’ M 353 590*076 921 f035 
3 x lo-’ M 305 497&084 928&029 

Kmetm 1 x~O-~M 448 841+136 934*038 
1 x lO-5 M 980 156*2 18 898*031 

SE = standard error 

OE- 

06- 

Fig 2 Effects of S-lathyrme on soybean callus growth m the 
presence of 1 1 x lo-’ M NAA and kmetm The concentrations 
ofd-lathyrme tested were zero (W-_-m ), 3 x lo-” M (A-Q, 
lo-‘M (O--O) and 3 x lo-‘M (A-A) Each point 
represents the logarithm of mean callus fresh weight (g) m 
eight flasks The data were transformed loganthnucally before 
analysis LSD = 0 124 (P = 0 05) Figures m parentheses are de- 

transformed mean fresh callus weights (g) 

also showed sign&ant synergsm with kmetm (lo- ’ and 
1O-6 M) 

In order to obtam some mdrahon of whether lathyrme 
was acting as a cytokmm, Its actlvlty m a range of 

cytokmrn bloassays was studied S-Lathyrme 
(10-8-10-3 M) did not stimulate growth of tobacco 
callus (results not shown) S-Lathynne and RS-lathyrme 
were active m the radish leaf chlorophyll retention 
bioassay at 1O-4-1O-2 M (Fig 3) R-Lathyrme 
(1O-4-1O-2 M) was also active in this test, although It 
gave smaller responses than S- or RS-lathyrme 

S-Lathyrme (10-8-10-3 M) showedno slgmficant ac- 
tivity m five other bloassays for cytokmms (results not 
shown) These assays were the Amaranthus betacyamn 
synthesis assay, the cucumber chlorophyll cotyledon 
greening assay, the cucumber and radish cotyledon expan- 
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Fig 3 Effects of S-lathyrme (m-W), RS-lathyrme (O+), 
R-lathyrme (-0) and kmetm (A---A) on the retention of 
chlorophyll m excised leaf discs of ra&sh After 4 days of 
incubation m the dark, the leaf discs were extracted with 
H,O-EtOH (1 4) and the Ahb5 of the solutions was determined 
Each point represents the mean A m five rephcates LSD = 57 % 

(P=OO5) 
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slon assays, and the pea lateral bud outgrowth test In all 
these tests, kmetm gave the expected responses 

Cytokmms are defined as compounds that act m a 
manner smular to kmetm, and m particular stunulate cell 
dlvlslon m certain tissue cultures [3] The lack of actlvlty 
of lathyrme m a number of cytokmm bloassays, and 
particularly the tobacco callus assay, mdlcates that it 
cannot be considered to be a cytokmm S-Lathyrme, 
despite its relatively low activity on soybean callus, 
enhanced kmetm-induced soybean callus growth This 
enhanced growth occurred even at lo-’ M kmetm, which 
gave maximum callus yields m the absence of lathyrme 
This may indicate that S-lathynne acts in this tissue in a 
manner different from that of the purme cytokmms 

The apparently hnuted dlstnbutlon of lathyrme in plant 
species means that it cannot be consldered to be a plant 
growth substance Whether the blologlcal activity of 
lathyrme reported here reflects its role m the species in 
which it occurs, IS unknown 

EXPERIEMENTAL 

Synthexs of lathyrme RS-Lathyrme HCl was synthesized 
by a published route [2] It was desalted by catlon exchange 
RS-Lathynne HCI (2g) was dissolved m Hz0 (7ml) and 
loaded onto a cation-exchange column (Dowex 5OW-X8, H+, 
450 x 20 mm) The column was washed with Hz0 (600 ml) and 
then eluted with NH,OH (1 M, 800 ml) The basic eluate was 
reduced to dryness zn uacuo and the residue was recrystalhzed 
from Hz0 to yield RS-lathynne (1 4 g), mp 2 248” (dec) 
(Found C, 46 0, H, 5 5, N, 30 9 C71-110N402 requnes C, 46 1, H, 
55, N, 308,0, 176%) 

Synthesis of RS-2-(a-chloroacetamuie)-3-(2-ammopyn 
yl)propanorc acid A soln of a-chloroacetyl chloride (13 5 g) in 
Et,0 (50 ml) and an aq soln of NaOH (1 M, 3Oml) were 
alternately added over 30 mm to a stirred soln of RS-lathynne 
(5 g) m aq NaOH (1 M, 150 ml, 0”) The soln was evapd 
to dryness m uacuo, and the residue was recrystalhzed from 
Hz0 to give RS-2-(a-chloroacetao)-3-(2-ammopynml 
yl)propanolc acid (5 5 g), mp > 300” (dec) (Found C, 418, H, 
4 2, N, 21 8 CgI-ll 1N403C1 requires C, 41 8, H, 4 3, N, 21 7,0, 
186,Cl, 137%) 

Resolution of RS-lathynne A soln of DL-2-(a-chloro- 
acetarmdo)-3-(2-ammopynmld-4-yl)propanolc acid (5 g) m 
Hz0 (1 I ) was adjusted to pH 7 by ad&on of NH,OH (1 M) 
Hog acylase I (EC 3 5 1 14, Sigma, grade II, 0 2 g) was added and 
the soln was stirred under Nz 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 stlrred under the same conditions for 24 hr The pH 
was agam adJusted to 7 and acylase (0 1 g) was added The 
mcubatlon was contmued for 14 hr, then EtOH (420 ml) was 
added and the soln coned tn vacua to 25Oml The denatured 
protein was removed by centnfugation, and the supematant was 
reduced to dryness m uacuo The residue was dissolved in Hz0 
(25 ml) and loaded onto a catIon-exchange column (Dowex 5OW- 
X8, Hf, 600 x 45 mm) The column was eluted with 0 01 M Na 
citrate buffer, pH 5, at 43 ml/br The eluate was momtored at 
254 nm Fractions correspondmg to the second peak to elute 
were comtnned and reduced to dryness m uacuo The residue was 
recrystalhzed from Me&&H20 to yield S-lathynne (17 g), mp 
> 250” (dec ), [a]:: - 63 0” (H20, c 23 5 mmol) Fractions cor- 
respondmg to the first peak to elute were combined, reduced to 
dryness m vacua, and the residue refluxed m aq HCI (1 M, 20 ml) 
for 1 5 hr The soln was loaded onto a column of Dowex 5OW-X8, 
H+ (150 x 25 mm) and washed with Hz0 (450 ml) The column 

was then eluted with NH,OH (1 M, 450 ml) and the eluate dned 
m uacuo The residue was recrystallized from Me&O-H20 to 
pve R-lathyrme (0 67 g), mp 2 250” (dec ), [a]; + 64 1” (H20, 
c 22 4 mmol) A sample of S-lathynne isolated from Luthyrus 
tmgttanus L (supplied by Professor E A Bell) had mp 2 250” 
(dec ) and [a]; - 63 9” (HzO, c 2 13 mmol) 

Btoassays The soybean and tobacco callus bioassays were 
carried out using the procedures of refs [4] and [S], respectively 
All compounds were autoclaved m the media, except where stated 
otherwise Assays were carned out usmg 3 pieces of callus on 
25 ml medmm, and the callus was waghed after 4 weeks growth 
Cell number determmatlons m soybean callus pieces were based 
on the technique of ref [6] Weighed callus pieces were 
suspended m 10 M HCl-chronuc acid-H20 (1 1 20) (5 ml/g) for 
24 hr, and then shaken vigorously for 10 mm The cell suspen- 
Slons were repeatedly drawn mto a Pasteur pipette, chluted 
sultably, and then counted on a Segwick Raphter slide The 
number of cells m a pieces of callus was calculated from the mean 
of the numbers of cells m 20 squares selected at random Mean 
cell chameters were calculated from two diameter measurements 
on each of 20 randomly selected cells Measurements were made 
usmg a microscope at 60 x magndication 

The radish leaf chlorophyll retention assay was carned out 
usmg the method of ref [7], and the rachsh cotyledon expansion 
assay using the method of ref [8] Radish seeds (Raphanus 
satluus L cv Long Scarlet, Market Strain) were obtamed from 
Yates and Co, New Zealand The Amaranthus betacyanm assay 
was carried out according to ref [9] Seeds of Amaranthus 
candatus L cv Love Lies Bleeding were obtained from Charles 
and Sharpe, Lmcoln, U K The cucumber chlorophyll synthesis 
assay was performed accordmg to ref [lo], and the cucumber 
cotyledon expansion assay was carned out accordmg to ref [l l] 
The pea bud assay was carned out accordmg to ref [12] 
Cucumber seeds (Cucumls satluus L cv Telegraph) and pea seeds 
(&urn satluum cv Alaska) were obtamed from Dickson, Brown 
and Tate, Llangolien, U K 

The LSD, calculated using the studentlzed range Q method, 
was used to compare means of treatments at the P = 0 05 level In 
some expenments the tnolo@cal error was related to the magm- 
tude of the results In such cases the data were first transformed 
usmg a logarithmic transformation m order to stabdlze the 
variance 
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