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Abs&acc-The distribution of the pigment caulapin in the algal genus Couktpa has been investigated. Specimens from 
Rcrmuda, Florida and Tasmania were examined directly and the results compared with literature reports of the 
occurrence or abscna of caulcrpin in various species from diverse locations. These surveys revealed a general 
correlation of the presence of caukrpin with the absena of peroxidase activity and the presence of bilateral rather than 
radial morphology. 

INTPODUCTlON 

Caukrpin (1) is a unique pigment which was or@nally 
isolated from Caulerpu r~~emo.su and reported to be a 
phcnazinc derivative [l]; it was subsequently found in 
other specks of Cadetpa and corraztly identified as I by 
Maiti ef ol. [2]. 

During a chemical -pharmacological scraning of algae 
from saline cave pools in Bermuda, we found caukrpin in 
some species of CauIerpcI, but not in others, and began to 
contemplate whether the distribution of this pigment 
might correlate with some feature of habitat or with 
accepted taxonomic and morphological distinctions in the 
genus. In order to consider a more valid and varied 
sampling of Caulerpa species, we expanded our survey to 
include Bcrmudian. Floridian and Tasmanian species and 
compared our data with those already published on 
caukrpin. 

The ensuing report describes the results of our invcsti- 
gations into the distribution of I in the genus Caulerpa. 

RESULTS AWD DISCL’SION 

Classical descriptions of the genus CauLrpn by 
B$rgcnscn [3] and Svcdelius [4] agree that the species 

*Contribution No. 1004 from the Bermuda Biological Station. 
$To whom corrcspondcncc should k addr4. 

may be divided into two major groups: (1) the bilateral 
leaf- or frond-like species. showing tlattencd ramuli in Iwo 
rows, typically growing in quiet waters below the littoral; 
and (2) the radially branched specks, with cylindrical, 
closely packed ramuli, characteristically found in shal- 
lower and brighter habitats of the littoral zone. Thcrc are 
exceptions to this scheme, however, the most notable 
being Cuubrpa serrulurioides, a shallow water, high-light 
plant which is bilateral, but possesses cylindrical ramuli. 
Interestingly. our evaluation revealed that this species has 
one of tbc highest caukrpin contents of all the species 
examined. The results of our invcstigatlon are sum- 
marized in Tabks l-3; a review of literature reports on 
caukrpin is presented in Tabk 4. 

Our survey showcd that caukrpin is generally as- 
sociated with the radially branched, shallow water species 
which possess tightly whorkd branchlets. whik it has 
proved to be absent in most tlattcncd, frond-like or 
sparingly branched species typical of dapcr and quieter 
waters. One aberration from this scheme is C. aerricillora. 
a distinctive, loosely whorled, small and delicate epiphytic 
or mudcolkcting species that shows a unique adaptation 
in the form of variously orientated rhizoids, which allow 
growth to extend irregularly in a manner preventing 
burial by mud. We found this radially branched species, 
from both Bermuda and Florida. to bccaukrpin-negative, 
although Norris and Fcnical [S] found specimens from 
&lizc containing caukrpin. 

There are a few other ContradictIons bctwan our 
results and the literature data. Our colkction of C. 
rm-mosa var. uci/ero from Skyway South in Tampa Bay 
containad small amounts of 1, although Vat er a/.‘~ 
Florida colkction [6] and Doty and Aquilar-Santos’s 
Philippine collection 173 were negative for caukrpin. 
Similarly, we and Vest ef al. 163 found no caukrpin in C. 
a&u&i from thra locations in Florida, while 
McConnell er al. [S] reported 1 from C. ashmeadii from 
Tarpon Springs. Vest ef aL [6] found trace quantities of I 
( < 0. I mg per g dry WI) in C. parpclloides and C. pro/i/era; 
WC found none in colkctions from several sites in Florida. 
Despite careful checking of algal identifications and 
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T&k I. Diuribution of caukrpin in Coukrpa species from Bermuda 

specfi PUl Colle*lon site Caukrpin* 

Whok wluskcy Cave Pool 

Whok Deep Blue Pool 

BraIl&Cs Harbour Pod 

Axes. stolons, rhizomes Harbour Pool 

Whok Mangrove Lake 

Branches Bathtub Sink 

Axes. stdonr. rhizomes Bathtub Sink 

Wbok Bathtub Smk 

l +, Caulapm pracnt; - , aukrpin abscnl 

Tabk 2. Disrribulion of caukqnn In Covlrrp spana from Florida 

Part Collecrlon 91~ Coderpin l 

c. cupedrs 

c. languinosa 

c. mexicaM 

c. microphysa 

c. pptpalddes 

c. pelroro 

C. pd#ra 

c. pol#ro var. rasrdjdb 
C. mxmosa var. cludjera 

c. ,ocII)y)sa var. &eI&elu 

c. IaccoY) var. nwophyfa 
c. roccmD%l var. UC&O 

c. se?rula?wiaes 

C. rnticlllora 

Whok 

Whak 

Whole 

Whole 

Whole 

Whok 

Whok 

Wbok 

Whok 

Bran&s 

Axes, stobns, rhuoma 

Whok 

Whole 

Whole 

Whole 

Whok 

Whok 

Whok 

Whok 

Bran&S 

Axes, srobnr. rhuoaxs 

Whole 

Branches 

Axes, sIolonr. rhizomes 

WbdC 

Whole 

Whok 

Whok 

Whole 

Whole 

Whdc 

Whok 

Whde 

Whole 

Whole 

Tarpon Springs 

Blackwater Sound Canal 

Tarpon Sprmgs 

Florida Keys 

Marathon Shores 

Key Wcs~ 

Sarasota 

West Sister Rock, 

Marathon 

Flonda Keys 

B&ckwa~a Sound 

BocaChica 

Bahia Honda, Keys 

Tamp by 

T-pa by 

Tampa BUY 
Pomt O’Rocks 

Point O’Rocks 

Tamp Bay 

Tampr Bay 
Knlghr’s Key 

Sarasora 

Tampa Bay 

Weu Summerland Key 

Tampa Bay 

Blackwater Sound 

-t 
+: 
+ 

++ 
+ 

-t 

-t 
--t 
+ 

- 
- 

+ t.5 
+ 
+ 
+ 

- 

trace t, 5 

+ 

+ 

+: 

+$ 
+* 

+ 

++ 

l +. Gukrpin prcunc; - , aukrpia abunt. 

tref. [6]. 

*ref. [8]. 

0 < 0.10 mbg dry WI. 
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Tab&c 3. Distribution of aukrpio in Cut&pa spa5a Pratt Tasmaak 
_-.-- - 

gpecia coufcoon site(a) Gukrpin* 

C. muulaa 
C. brownif 

c. caereides 
C. disMwphyl/a 

c. jfrxilis 
c. g-0 

c. longifoiia 

C. /on&iia var. crupara 
C obscwa 
c. papllosa 
C. scapellijfxmu 
C. rri&zria 
C. cvsuulifrra 

Rocky Gpe, Waterhouse Island 
Southport. Littk Christnus Island Waterhouse Island, Sndcrsom 
Rot&S 
Rindarlsknd 
WaterbouK Island 
Littk Chrixtmax Island. Marix lxland 
Tinderbox. Smooth Island 
Smooth Island. Southport, Coningham. Low Poin& Cola Ray. 
Tinderbox - 

Fortesque Bay - 
Waterhouse Island. flit&t3 Island 
Smooth Island, Low Point - 

Maria IslaDd, windhsa Bay. spring Bach, lxhhn Island 
Fortcsquc Bay. Rand& Bay, Tinderbox. Smooth Islnnd 
Flitxkrs Island - 

_- - .-.. - .--- -- _- __ -- 

* + . Caukrpm prexnl; -. caukrptn abwnt. 

Tabk 4. Literature survey on the distributton of caukrpin in Catderpa spa&s 
--.-- ---- -..--- - 

Spbcia Cdkction site Gukrpio* R&XCtKZ 
-- .- -- --_.. 

C. brownii Wellington, New Zealand 2 
c. cupcssoidcj &li.ZC + 5 
c. I@nourou.xii Philippines + 7 
C. ImrilliJrra PhilippitKs + 7 
c. mexicana Beliz 5 
C. ptlrara Watem Australia + I4 
C. racenwsa Philippines + I 

Sri Lanka + 2 
Perth, AustraliP + 2 
Bciizc t 5 
western Australia t I4 

C. racenwsa var. utijtra Philippines 7 
c. #doides Wellington New zaland - 2 
C. sewulala Philippines + I 

Belize t 5 
c. sertularioides Phihppines + 7 

Gulf of Glifomls + 2t 
Bclix + 5 

c. faxijoli4 Sri Lanka t 2 
C. wntilloca Bclizc t 5 
-.- _- .__ --- 

l + . Guktpin prucntz -, caukrpin absent. 
t Footnote 2 in ref. [2]. 

detailed analyses for caukrpin in each case, thcsc few 
discrepancies, all involving very low concentrations of 
caukrpin, remain. It is noteworthy that C. purpcloiderand 
C. rocemosa var. ucijero are two qcies difhcult to 
identify. since each exhibits considcrabk morphological 
variation from one sampk to another. 

Seasonal fluxes in cauktpin content would not seem to 
be a significant factor. Colkctions of C. serrularioidcs 
made in February, July, August and October all contained 
high concentrations of I. Similarly, C. pelfom. whether 
collected in June or August, tested positive for caukrpin 
On the other hand, C. tIprtici//uro contained no caukrpin 
in either February or July collections, nor did C. tnexicuna 

or C. cupressoides collcctcd in March- May [S] and 
August. 

On the basis of pyrcnoid and chlorophtst morphology, 
Calvcrt er al. 193 have presented cvida~~ that radial forms 
of Cuulerpa represent phylogcnetically earlier kvcls of 
devclopmant. with increasing specialization of 
carbohydrate-storage structures occurring together with a 
tread towards llattcnod bilateral growth forms. It would 
thus appear that the disappearcuwr of caukrpin produc- 
tion corrctates with this trend in specialization, which, in 
turn, accompanies the transition to doeper water habitats. 
Judging from light conditions prevailing at our sampk 
sites, however, it appear unlikely that atukrpia produc- 
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tion is generated or controlled by high intensity illumi- 
nation alone. 

In an effort to determine whether caukrpin was 
lccahzed in certain parts of the alga. several colkclions of 
caukrptn-positive species were carefully GUI and examined 
by sections branches in one analysis, and axes, stolons 
and rhizomes together in another. C. serrularioides, 
C. racernosu var. macrophysa and C. peltata were tested in 
this fashion; caulcrpin was present in roughly equal 
quantities in all parts. Two caukrpin-negative species, C. 
mexicana and C. prolijeta. were treated in the same 
manner as a check for trace quantities of I localized in 
algae seemingly devoid of 1. All parts proved IO be lacking 
in caukrpin. 

However, the occurrence of an auxin-like substance 
promottng abundant branching together with vertical 
extension of axes, under genetic control, would be con- 
sistent with our observations. Caukrpin. in fact, is a dimer 
of indolc-3-acrylic acid, a known auxin [IO], and may 
serve as a praursor IO a growth promoter, much as 
hypaphorine is a precursor of indokacrylic acid in kntils 
[I I J. We have recently found that caulcrpin exhibits 
growth regulatory acltvtty in a standard kttua seedling 
assay [ 121; caukrpin itxlf then might serve as a growth 
regulator in ltte alga. 

An interesting tnvcrsc correlation between tht presence 
of caulcrpin and pcroxidasc is suggested from a com- 
parison of our survey and Mcnzcl and Grant’s analysis 
1131 of pcroxidase aclivily in I7 specks of Caulerpu. 
Thirtan of those species wereexamined by us or others; in 
each case, the presence of peroxiciase was marked by the 
absence of caukt-pin. 

CattIerpin has not been reported from any source other 
than the Caukrpaks. We found none in the gran algae 
Cpnwpolia barbara, Valonia macroph~sa, Penicillus capl- 

rams, Br)apsis pennata, Palmogloea ptotuberans, L’dorea 
sublirroralis, Neonteris annulata. Acetabulan’a crenulola, 

Awainri//ea lonyicaulis or Burophora oersredii. Caukrpin 
would seem to be a valid chcmotaxonomic marker in 
Caulerpu species and may function as a growth hormone 
or auxin precursor in the alga. 

EXPErlnlENTAL 

IHNMR: Broker WM-250 Ff NMR spectrometer using 
CDCl, as solvent and mternal standard or a Jeol JNM-IH 
IO0 MHz NMR spectrometer wmg CDCI, BJ solvent and TMS 
as intanal standard. TLCz 0.25 mm Machrey-Nagel Polygram 
Sil G;UV1,. prccoated plastic sheets (developed with Et,O) or 
Merck Sihca Gil 60 F254 precoated glass plates (developed 
with CHzCII EtOAc, 4: I). The crude extracts were co- 
chromatographed wtth puriticd aukrp~ncaukrpin was detected 
unda UV light or as a bright yellow spot afta spraying with 
HZ% 

Exrrnrnon. Tbc various algae from Bermuda and Fbnda were 
colkcted and stored in either Me&O or 95 7; EtOH st 5” prior to 
cxtractiott. In each case the solvent was decanted and con- 
centrated to an aq. suspenston. The nlga was that chopped by 

hand or how in a Waring bknder, extracted with 
M&O (24 hr), and then CHICII (24hr. twica). The 
MC~CO, EtOH cxtry1s were reduced to aq. suspensions whtch 
were eqtulibrated with tba CHICI2 extracts. The organic phase 
was then reduaxt. in L’OCW, to a dark green gum. 

The freshly coBmad Tasmaman spccitnau wae macerated 
and extracted with CHsCII-MeOH (I : I) at 0” (24 h, twice). The 
Iowa (organic) phase was then red& in cffuo. to a dark green 
gum. 

Isolation oj c&pin. Caukrpin was isolated from the crude 
extmt (14.6 g, 6.1% of dry WI) of C. scrru/arioidcs (240 g dry wt) 
by two permeations through Sephatkx LH-20 with 
CHIC&-.MeOH (I : I); 341 mg of caukrpin. 1. a red solid whose 
‘H NMR spectrum was ukntkal with that reported previously 
[2]. was obtamai. 
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