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Abstract-The amounts of lunulanc actd m suspension cultured cells of Morchantla polymorpha and thallus of 
Conocephalum contcum were carefully reexammed takmg mto account the presence of prehmulanc acid, a possible labde 
precursor of lunulanc It was found that the true content of lunuhc 1s 2-4 pg/g dry wt while very much larger amounts 
of prelunulanc are present 

INTRODUCTION 

Lunulanc acid (LNA) was iirst isolated from the thalh of 
Lunulurta cr~c~ofa [ 1,2] and has been detected m more 
than 70 species of hverworts m concentrations rangmg 
from 1 to 650 pg/g fresh wt [3] It has been suggested that 
LNA may be an endogenous growth regulator on the 
basis of its mhlbltory actmty on the growth of hverworts 

Recently we isolated prelunularlc aad (preLNA) from 
the suspension cultured cells of Marchantla polymorpha 
and also showed the presence of this compound m some 
intact liverworts [4,5] PreLNA was easily converted mto 
LNA under acidic or basic condlhons and appears to be a 
direct precursor of LNA Smce preLNA 1s very labde, we 
suspected that the analytzal procedure for LNA pre- 
viously employed rmght overestimate the true LNA 
content In this experunent, we determmed the true 
content of LNA m cultured cells of M polymorpha and 
also m thallus of Conocephalum comcum, taking the 
mstahhty of preLNA into conslderatlon 

RESULTS AND DISCUSSION 

Extraction methodsfor quantztatlve determmatlon of LNA 

Prelunularlc acid has been shown to be converted mto 
LNA under acldlc or basic condltlons [4,5] Even under 
neutral conditions, this compound IS slowly converted 
mto LNA For example, approxunately 0 3 % of preLNA 
m water was converted m one day at room temperature, 
and 9 % on boding for 30 mm This suggests that a part of 
LNA which has been extracted and determined m the 
previous papers might be derived from preLNA Thus the 
amount of LNA m the suspeaslon cultured cells of M 
polymorpha was re-exammed usmg dtfferent extractron 
methods (A, B and C) In method A, the cells were 
extracted with boiling methanol contammg 1% acetic 
acid, and bolhng methanol without acetlc acid was used m 
method B In method C, the cells were somcated m 60 % 
acetomtrde m water at 4” Subsequently portions of these 

extracts were treated with 1 M sodmm hydroxide as 
described m the Experunental in order to convert preLNA 
into LNA The amounts of LNA m these extracts before 
(a) and after (b) the alkahne treatment were determined, 
and the results are summarized m Table 1 Since the 
authentic preLNA was converted completely mto LNA by 
this treatment, the amount of LNA (b) should be con- 
stdered as the sum of preLNA and LNA which had been 
ongmally present m the cells 

The content of LNA determmed by the method A was 
4 42 pg/mg dry wt before the alkahne treatment This 
value was much higher than that obtamed by method B 
However, the amounts of LNA after the alkaline treat- 
ment were the same, 4 94&mg dry wt, m both extracts, 
m&catmg that most of the preLNA had been converted 
into LNA durmg the extractlon with acldlc solvent m 
method A Since the same method was employed m our 
previous experiment [6], the amount of LNA reported 
represents the total of preLNA and LNA The LNA 
content determmed by method C was 0 12 pg/mg dry wt, 
which was 3 6% of the sum of these two compounds 
These results show that preLNA 1s the dommant 
constituent 

Bmllar results were also obtamed for the mtact thalh of 
C comcum and M paleacea Segments of the thalh were 
extracted by soakmg m methanol overmght at 4” As 
shown m Table 1, the amount of LNA before the alkaline 
treatment (a) was 0 046 &mg dry wt (8 7 &g fr wt) m C 
cotucum and 0 016 &mg dry wt (6 2 pg/g fr wt) m M 
paleacea, respectively These values are 2-4 % of the sum 
of preLNA and LNA (b), mdlcatmg that the amount of 
LNA m the Intact hverworts IS also smaller than that of 
preLNA, as m the cultured cells of M pofymorpha 

The previously reported values of LNA content m the 
thalh of C cotucum were 200-650 pg/g fresh wt [3] and 
60&g fresh wt [7] Such large values, in hght of our 
results, could be due to their drastic extractlon condltlons 
usmg 2 M hydrochloric acid m bolhng alcohol The 
amounts of LNA determmed under such drastic con- 
ditions do not represent the actual content of LNA in the 
liverworts, but the sum of the LNA and preLNA contents 
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Table 1 Lunulanc acid content m hverworts 

LNA content 

ExtractIon before NaOH after NaOH a/bxlOO 
method (a) (b) (%) 

Marchantla polymorpha 
Cultured cells 

Conocephalum comcum 
Thallus 

Marchantta paleacea var dlptera 
Thallus 

Pg/m8 dry wt @8/g fr wt) 

A 44*01 49&00 898 
B 039*001 49+02 80 
C 0 12&001 3 37&008 36 

0046*0001 101*002 46 
(8 7*02) (193f3) 

0016~0003 081kOO2 19 
(62&l 1) (309&7) 

Cultured cells of M polymorpha were extracted by three methods A, bollmg MeOH contaunng 1% 
HOAc, B, bodtng MeOH, C, somcatlon m 60 % MeCN The thallus of C comcum and M paleacea 
were extracted by soaking m MeOH at 4” These extracts were assayed for LNA content before (a) and 
after (b) alkahne treatment (1 M NaOH at room temperature for 10mm) Each value IS the mean of 
four samples with s e 

The true content of LNA w the lrvenvorts 

Determmatlon of the true content of LNA IS essential 
for understandmg Its growth regulatmg effects The 
results obtamed above may not indicate the true amount 
of this compound because the converslon of preLNA into 
LNA 1s still possible even under the conditions employed 
m method C Instead, preLNA was reduced with sodium 
borohydnde to the correspondmg dlols, which do not 
form LNA, simultaneously with extractlon [cf 4,5] 
When 40 pg authentic preLNA was treated with 04 g 
sodmm borohydnde, complete disappearance of preLNA 
was shown on HPLC On the other hand, the authentic 
LNA was completely recovered after the same treatment 
with sodmm borohydrlde So the amount of LNA de- 
termmed m the presence of sodmm borohydnde rep- 
resents the true content of LNA m the hverworts The 
cultured cells of M polymorpha and thallus segments of C 
conlcum were frozen and ground m ethanol in the presence 
of a large excess of sodium borohydnde After quenchmg 

the reaction and centnfugation, the amount of LNA m 
these homogenates were determmed before and after 
all&me treatment, as described m the Experimental The 
same extraction wlthout sodmm borohydnde was per- 
formed as the control 

As shown m Table 2, only 4 &g dry wt of LNA was 
detected m the cultured cells of M polynwrpha and 2 &g 
dry wt m the thallus of C conicurn, respectively The fact 
that there was no Increase. of LNA after the alkaline 
treatment excluded the possibility that the plant mater& 
contamed a conjugate of LNA such as a glycoslde which 
also produces LNA under basic condltlons These values 
were about 0 1-O 2 % of the total of preLNA and LNA 
determmed m the control expenment (b’) This result 
shows that the real amount of LNA m the hverworts 1s 
much smaller than those determined by the usual extrac- 
tlon procedures, mcludmg the results shown m Table 1 In 
addltlon, preLNA, the possible tn IWO precursor of LNA, 
actually accumulates m much larger amounts m the 
liverworts 

Table 2 Lunulanc acid content determmed m the presence of NaBH4 

LNA content 

NaBH, treatment Control 
a/b’xlOO 

(a) (b) (a’) (b’) (%) 

Marchantla polymorpha 
Cultured cells 0004 0005 0127 397 01 

Conocephalum comcum 
Thallus 0002 0002 0044 109 02 

Data are the means from two expenments The cultured cells or thallus were 
ground with or wlthout (control) NaBH4 LNA contents m these homogenates 
were determined before (a and a’) and after (b and b’) alkaline treatment 
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Biosynthettcally, this accumulation of precursor ts 
unusual It suggests that the conversion of preLNA, 
accumulated m a pool of large SW, into LNA 1s strictly 
regulated to keep the concentration of LNA at a low level 
On this basis, we can now reinterpret the results obtamed 
m the zn uwo experiment by Gorham [S] In his exper- 
iment using thallus of C corucum, he reported a dls- 
crepancy between the metabolism of exogenously sup- 
plied 14C-LNA and that of 14C-LNA blosyntheslzed from 
labelled phenylalanme zn sztu Knowing that the endogen- 
ous 14C-LNA which was extracted with 2 M hydrochloric 
acid m methanol was actually preLNA, we can see that hs 
results showed that a large amount of preLNA, blo- 
synthesized from phenylalamne, IS pooled m the thallus 
without conversion into LNA and that excess LNA, when 
supphed exogenously, IS rapidly metabolized Such a stnct 
control of LNA level m hverworts may be related to the 
growth mhlbltory activity of this compound 

EXPERIMENTAL 

Plant muterlals The cells of M polymorpha were cultured m 
MSK-2 hquld mechum supplemented with 2% glucose and 
1 mg/l of 2,4-D as reported previously [9, lo] Intact thalh of C 
comcum and M puleacea var dlpkw were collected at Shaku-dsu 
m Osaka prefecture and washed well with running water 

ExtractIon anddetermrnatlon of LNA andpreLNA Thecells of 
M polymorpha, cultured for l&14 days, were harvested and 
extracted three times with bolhng MeOH contammg 1% HOAc 
(A) or wtth bolhng MeOH (B) After removal of the solvent m 
uacuo, the residue was resuspended m 1 ml of 60% MeCN m 
HZ0 and passed through a Waters Seppak Cl8 cartridge using 
the same solvent The eluate (4 ml) was analysed for LNA (a) A 
portion of this eluate was evaporated m uacuo and the residue 
was treated with 1 ml of 1 M NaOH for 10mm m order to 
convert preLNA mto LNA The mixture was acidified with 6 M 
HCI and extracted with EtOAc After evaporation of the solvent, 
the residue was redissolved m 60% MeCN In HZ0 and analysed 
for LNA (b) 

pieces and extracted with MeOH by soaking overnight at 4 
Subsequent procedures were same as m the case of cultured cells 

The amount of LNA m the samples were determined on an 
HPLC fitted with a Partlsil ODS column (4 x 250mm) The 
elutlon solvent was 50% MeCN m HZ0 contammg 20mM 
ammomum acetate adJusted to pH 3 6 with HOAc The absolute 
amount of LNA was determmed by comparing the peak height 
monitored at 285 nm with that of standard soln PreLNA was 
analysed according to ref [S], when authentic preLNA was 
treated with NaOH and NaBH4 

Determmatlon of LNA m the presence of NaBH., The suspen- 
sion cultured cells (ca 40mg m dry wt) were harvested by 
filtratlon and frozen m a deep freezer (- 70”) The frozen cells 
were ground m EtOH m the presence of 0 4 g NaBH4 and 1 g 
quartz sand (15&200 mesh) m a mortar for about 15 mm A 
saturated aq soln of NH&I was slowly added to termmate the 
reaction The reaction mixture was centrifuged and the super- 
natant evaporated to dryness In vucuo The residue was dissolved 
with EtOAc and partitioned with 5% NaHCO, soln After 
acldlficatlon, the aq phase was extracted with EtOAc to obtain 
the strong acid fraction EtOAc was substituted by 60 % MeCN 
m HZ0 for the assay of LNA The same extraction mthout 
NaBH., was performed as a control The thallus segments of C 
comcum (ca 160 mg m dry wt) were also examined m the same way 
as the cultured cells In this case, 16 g NaBH, and 2 g sea sand 
(2C30 mesh) were utilized m the extractlon step Recovery of 
LNA was checked by treating 25 peg authentic LNA with 04g 
NaBH4 
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