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Abstract —Caulerpin, a green algal pigment possessing a umique bis-indole structure, has been shown to be a plant
growth regulator. Root growth assays were conducted with caulerpin and its hydrolysis product, and the results were
compared with data obtained with indole-3-acetic acid (LAA), indole-3-pyruvic acid (IPA) and indole-3-acrylx acid

{IAcA). This study has indxcated that caulerpin, in essence a dimer of indole-3-acrylic acid, behaves much like the indole

auxins

INTRODULCTION

Caulerpin, 1, is a umque pigment found 1n some. but not
all, species of the green alga Caulerpa[ 1. 2] Our interest in
the chemotaxonomic significance of 1 3] led us to
contemplate whether this seemung dimer of indole acrylic
acid, a known aunun [4]), might act as a plant growth
regulator. Qur investigations have revealed that | and its
hydrolysis product 2 are, in fact, promotors of root
growth Detals cf these studies are described herein.

RESULTS AND DISCLSSION

We have isolated caulerpin from several species of
Cuaulerpa, most frequently C. sertulurioides and C. race-
mosa, by adsorption and gel permeation chromatography
of the crude dichloromethane soluble extracts Caulerpin
can be crystallized from benzene—diethyl ether or di-
chloromethane. 'HNMR and TLC analyses were
employed to assure the punty of the compounds pnor to
bioassays.

Caulerpin 1s not particularly soluble in any medium.
ethanol and dimethylsulphoxide seem to provide the best
solubility for subsequent aqueous dilutions. Solvent
blanks wereincluded in the assays In esther distilled water
or nutnent solution, DMSO exhibited no influence on
roots of lettuce seedlings at concentrations < 0.25°%,,and
increasing inhibition of germinauion and growth at con-
centrations > 1.0°,. In the dilution scheme utilized, 1.09,
DMSO corsesponds toa 10 > M solution of 1 or 2, while
0.25°, represents a 10°* M solution of the test com-
pound. The effect of cthanol 1s even more drumatxc. In
aqueous solutions containing 0.25°, ethanol, germination
15 almost completely inhitited. while a 0.05°%
cthanol water mixture inhibits root growth. dilution to
00RS %, ethanol chmunates any effect

*Contnbution No 1002 from the Bermuda Biologxcal Station
? Author to whom correspondence should be addressed

The assays were tned 1n both nutnent solution and
distilled water, although the use of nutnent solution
resulted 1n much shorter average root lengths 1n both
controls and test samples. In contrast to the report of
Khan and Tolbert (5], the auun standards (and 1 and 2}
exhibited only ~ 20°, inhibion of germunauon at
10 > M and none at 10 ® M. It 1s noteworthy that at
10" * M germinauon proceeded slowly, with no germu-
nation 1n the first 24 hr and maximum (-~ 80%)
germination in 48-72hr. This delayed germination may
explain the apparent incongruity between our data and
Khan and Tolbert's The results of the root growth tests of
1 and 2 were indicative of auxin acuvity growthinlubition
at high concentrations and growth promotion at low
concentrauons [6).

A representative run with | indicated greatest growth
promotion at 10 * and 10 *M with an increase Iin
average root length over that of the controls of 217,
Results of the root elongation test for 2, conducted aither
1n water or in nutnent soluton, parallel those of 1 (see
Fig. 1}

Indole acetic acid exhibited effects sumilar to 1 and 2,
promoting growth at 10 */10 * Mtotheextentof 130%,
of the controls on average. lndole-3-pyruvic acid also
promoted root growthat 10" * M, butonlyto 113 % of the
controls; indole-3-acrylic acid displayed 15 9, root growth
promotion at 10 * and 10°°* M (see Fig. 2).

The presence of indole auxins in groen algae has been an
object of some debate for a number of years, but Jacobs et
al [7) have recently confirmed the presence of indole-3-
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Fig 1| Root growth assay results for caulerpin (1) and s
hydrolysis product (2) Points represent the mean of three trials,
s.d 15 ;ndxcated by error bass.
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Fig 2 Root growth assay results for indole acetxc acd (IAA)
indolke pyruvic acxd (IPA) and indole acrylx acid (IAcAL Curves
were computer generated from means of three trials.

acetic acxd 1n Caulerpa paspaloides, a species which does
not contan caulerpin (3], and suggested that 1AA sumu-
lates blade assimilators and nhibits rhizome develop-
ment. We did examine the polar extracts of C. sertu-
larioides for the presence of known 10dole aunns, but
found none, perhaps because the concentrations found by
the Jacobs group were probably beyond the detecuon
himits of our search

In summary, caulerpin (1) and its hydrolysis product 2
are the first povel plant growth regulators identified from
the manne biosphere. These umique indole denvatives

exhibit root growth promotion activity comparable to
that of indole-3-pyruvic and indole-3-acrylx acids, but
somewhat less than indole-3-acetic acid More recently,
we have found plant growth promotors in extracts of two

sponges [8].

EXPERIMENTAL

{solation of caulerpin Caulerpu sertularioides was collected
from Mangrove Lake. Bermuda. in October. 1979 The alga was
steeped 1n Me,CO (twice) and then in CH,Cl; (twicel The
Me,CO extracts were reduced, in tucuo, 1O an aqueous suspen-
sion which was then equilibrated with the CH,Cl, extracts The
CH,Cl, phase was reduced, in tacue, 10 a dark green gum. 679 g,
This crude extract was chromatographed on Flonul (200g
column 45 x 40cm) with a hexane- EtOAc McOH gradient,
fourteen fractions were oblained. Fractuon 9 (929 mg), eluted
with EtOAc MeOH (9 1) was permeated through Sephadex
LH-20 (column 2 x 130 cm) with CH,Cl1,-MeOH (1 1) 10 pve
caaulerpin, 1, 133 mg. as the uxth of six fractions

Hydrolysis of caulerpin Caulerpin (269 mg) was added to a
soln of 236 mg of Ba(OH}, 8H,0 in 10 mi 80°, EtOH The
muxture was stirred undes N, at 557 (or 6 hr, then at room temp
overnught. The soln was acidified to pH 4 S with HCl and the
EtOH was removed at red pres. The resulting aq suspension was
extracted with Et;() Evaporauon of the organx phase gave
23 mg of a dark green solid. Gel permeation of thus material
through Sephadex LH-20 (1ide supra) gave 21 mg of 2

Assays For the germination and root growth test, lettuce seeds
(Lactuca sativa, Burpee Iceberg) were soaked in a 10°, EtOH
soln for 15 min, nnsed S umes with dist H;0. dned wmith cheese
cloth Sced assayed at 2 95°, germination S mi of soln contain-
ing the test compound i1n distilled H,0:DMSO were pipetted
110 small Pyrex Petn dishes A square plastic screen supported
on a Teflon nng was placed 1n each dish, 20 seeds were placed on
the wreens [hsh covers were replaced and the seeds were
incubsted under white light at 20-23° The root lengths were
measured alter 3 days Fach test was repeated 3 umes
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