
phosphate (AMP) indicate that the A@- 
(isopenteny1)-adenos~ne is coupled to 22- 
phosphoecdysone at  carbon C-5'. 

Finally, a large signal a t  6 = 65 ppm in 
I3C NMR spectra of the unhydrolyzed 
conjugate is assigned to C-5'-0-P Junc- 
tion; a similar observation was reported 
for the covalent bond between rlbose 
and 22-phospho-2-deoxyecdysone in the 
22-adenosine monophosphoric ester of 
2-deoxyecdysone (10, 11). Our data indi- 
cate that the ecdysone conjugate present 
in newly laid eggs of Locusta corre- 
sponds to the 22-N6-(isopentenyl)-aden- 
osine monophosphoric ester of ecdy- 
sone. It is not surprising that this conju- 
gate is hydrolyzed by the enzyme mix- 
ture of Helix pomatia, which is known to 
contain phosphodiesterase together with 
a large variety of other enzymes. Com- 
mercial phosphodiesterase (Sigma; puri- 
fied) similarly cleaves this ecdysone con- 
jugate as it cleaves the recently identified 
adenosine monophosphoric ester of 2- 
deoxyecdysone. 

The result that the ecdysone conjugate 
is an isopentenyl-adenosine monophos- 
phoric ester is unexpected and of great 
potential interest; N6-(isopentenybade- 
nine (ihA) is known as  a cytokinin, that 
is, one of a family of substances which 
promote cell division and exert other 
growth regulatory functions in plants. 
The nucleoside A@-(isopentenyl)-adeno- 
sine has been found in many plants as a 
free nucleoside and recently in mouse 
cells and in human cells as a free *one- 
nucleotide; C-5' monophosphate depva- 
tives of a related cytokinin ribosylzeatin 
have also been reported (23-25). Accord- 
ing to Burrows (25), hydrolysis of the 
naturally occurring cytokinin ribosides 
increases their biological activlty up to 
tenfold, mainly due to the removal of the 
ribose yielding the more active base. 

From data obtained in Locusta eggs 
(3, 26), we know that the maternal ecdy- 
sone conjugate is hydrolyzed progres- 
sively during embryonic development. 
This hydrolysis yields the free steroid 
hormone ecdysone either directly, o r  via 
a first hydrolytic step cleaving at  the C- 
5 ' -0-P junction to the intermediate 22- 
phosphoecdysone, a compound that is 
present during embryonic development 
of Locusta (27) and has also been report- 
ed from eggs of the related insect species 
Schistocerca (28). 

The fate and the role in embryonic 
development of the cytokinin (i6A) liber- 
ated on the process of hydrolysis of the 
maternal ecdysone conjugate appears as 
a challenging object of investigation. In 
this respect, the possibility should also 
be left open that the isopentenyl group 
could be use$ for the construction of the 

carbon skeleton of juvenile hormones 
(29). This report, and the recent identifi- 
cation of maternal AMP-2-deoxyecdy- 
sone (10) in newly laid eggs of Locusta, 
unravel an extremely elaborate strategy 
of the maternal organism for supplying 
its offspring with hormonal molecules 
which the embryo is obviously uncapa- 
ble of synthesizing de novo before ad- 
vanced stages of development. 
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A Glycolipid Antigen Associated with Burkitt Lymphoma 

Defined by a Monoclonal Antibody 

Abutract. The at~tigen dejitzed by a rat rnonocloncll antibody directed to a Burkitt 
lymphoma cell line was identged as globotriclosylceramide [Gala(l -+ 4)- 
GalP(1 -z 4)-GlcP(1 -z 1)-ceramide]. The antibody demonstrated a strict steric 
specijicity since it did not react vvith globoisotriaosylceramide [Gala(l + 3)- 
GalP(1 + 4)-GlcP(1 -+ I)-ceramide], the positional isomer of the antigen associated 
with the B~rrkitt lymphoma. Chemical analysis of various Burkitt lymphoma cell lines 
revealed that the Burkitt lymphoma cells contained more than I00 times as rnuth of 
the glycolipid antigen as was found in other human lymphoma and le~rkemia cell 
lines, 

A rat monoclonal antibody to a Burkitt 
lymphoma cell line (Daudi) was generat- 
ed by hybridoma techniques ( I ) .  This 
antibody, designated 38-13, was found to 
be of the immunoglobulin M class; it 
defines an antigen specifically expressed 
on most malignant B-cell lines derived 
from Burkitt tumors, whether the lym- 
phoma cells contain the Epstein-Barr 
virus (EBV) genome (Central-East Afri- 
can endemic type) o r  d o  not contain the 
EBV genome (European-North Ameri- 
can type). The antigen was not detect- 
able on EBV-positive lymphoblastoid 
cell lines, on normal or mitogen-activat- 

ed lymphocytes, or on fresh malignant 
cells from patients affected with various 
lymphoproliferative disorders other than 
Burkitt lymphoma (1, 2). An earlier 
study indicated that the antigen was re- 
sistant to protease and soluble in a mix- 
ture of chloroform and methanol; it was 
presumed to be a glycolipid (3). In this 
report, we describe the isolation of the 
antigen and its chemical identification as  
globotriaosylceramide, which occurs in 
the erythrocytes of the rare blood group 
phenotype pk  and is called the p k  antigen 
(4, 5). 

The glycolipid, which showed an in- 
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tense reaction with the 38-13 antibody in er chromatography as a ceramide trihex- 
a solid-phase radioimmunoassay (6), im- oside (globotriaosylceramide) (9). The 
munostaining on thin-layer chromatogra- structure of the purified glycolipid was 
phy (7) (Fig. 1A) and a liposome lysis further confirmed by methylation analy- 
assay (8) (Fig. lB), had the same mobil- sis (10). (i) The permethylated glycolipid 
ity on high-performance liquid chroma- gave 2,3,4,6-tetra-0-methylgalactitol, 
tography and high-perforrnapce thin-lay- 2,3,6-tri-0-rnethylgalactitol, and 2,3,6- 

Fig. 1. The reactivity of ceramide trihexoside (globotriaosylceramide) -- 
with monoclonal antibody 38-13 to Burkitt lymphoma. (A) Immuno- 
sttiining pattern of ceramide trihexoside by the antibody. Glycolipids 
were separated on a high-performance thin-layer chromatography 
plate (J. T. Baker Chemical Co.) with a mixture of chloroform, 
methanol, and water (100:40:6) and stained by a modification of the 
procedure of Magnani et a/ .  (7). (Lane 1) Mixture of neutral glycolipids 
isolated from human erythrocytes; (lane 2) a purified globotriaosylcer- 
amide; (lane 3) gangliotriaosylceramide (Gg3); and (lane 4) lactotria- 
osylceramide (Lc3). The glycolipid fraction was obtained as follows: 
Packed cells (8 to 10 ml) were extracted and purified through a 
modification of Folch's partitiop (3O), an acetylation procedure (31). &s - 
and QEAE-Sephadex chromatography (32). The antigen was further 
purified through high-performance liquid chromatography according to 
a modification (33) of a procedure described by Watanabe and Arao (34) 
with an Iatrobeads RS8010 (10-pm beads) column (4 mm by 30 cm) 
(Iatron Chemical Co., Tokyo). Gradient elution was performed with a 
mixture of isopropanol, hexane, and water (55:40:5 to 55:25:20). A 
total volume of 40 ml was collected in 80 fractions. Elution of glycolipid ' 
references occurred as follows: ceramide monohexoside, fractions 6 to 8; ceramide dihexoside, 
fractions 9 and 10; ceramide trihexoside, fractions 14 to 18; and globoside, fractions 23 to 25. 
The major antigenic activity was concentrated in fractions 14 to 18, which contained both 
glycolipid qnd fluorescamine-positive material. The pooled fractions were separated on high- 
performance thin-layer chromatography. Bands containing fluorescamine-positive and orcinol- 
positive material were removed and extracted with a mixture of isopropanol, hexane, and water 
(55:20:25). The glycolipid fraction contained the antigenic activity that was analyzed by 
immunostaining. 
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Fig. 2 (left). Lysis o f  liposomes containing the 
Hurkilt lyniphoma antigen, cer;imide trihexo- m 
.;idc, and v:~r~otl\ other pl!rcolipid* u i t h  com- 
plement and monoclon;~i antibody 38-13, The 
assay was performed hy the method o f  Six or R 1 2 3 4 5 6 R 
( 1 1 .  ( 8 ) .  Lipowrnes contained I 0  )*g o f  gly- 
colipid, ( W 1  nmole of dinivristoylphosphiiticlylcholine. 500 nmole o f  cholesterol. and 45 nmole o f  
dicetylphosphate containing ~~mhel l i fcmne phosphate ([,'PI. Lay.i< was meas~~red bv the release 
of i~mhelliferone phosphate ( 8 ) .  (0 )  I,ysis o f  liposomes ccintaining :I pl~rif ied cerirmide 
trihexmide isolated from Rurkitt lymphoma: the cur\.e was obtained from mean values o f  two 
determinations. (I') N o  Iv\i.; ol'liposomes hy \w-iou\ glycolipids. ~ncluding globoisotriaos!~lcer- 
amide (14) .  cytolipin R (2, 36). and ;i ceramidc pen~;r<;rcch;rritle of r;thllit erythrocyte.; (15 ) .  
Thew glvcnlipids have the common Ytructure n-Gal at the terminus. Glohoi\otctraos\lceramide 
(cvtolipin R: iGh4) (35. .?6l prepared from rat kidney was donated by the late J.  Ka\varlami: 
glohoisotriao~ylccramiile (iC;h31 (14, wa.; prepared from glohoi%otetraosylcerami~Ie hy treat- 
ment with jack bean p-:V-acetylhexor;~minicl;~\e (Sigma). Fig. 3 (right). High-performance 
thin-layer chromatogram of  the neutral plycolipid fraction of Rurkitt Iymphom;~ and other 
Iyrnphoproliferative dirorders. Reference glycc>lipid< are ceram~dc monohexoside (Hc.rC'c.r). 
~lihexocide (Ffr.rzCc>r). triheuoside (Flpu,Cr>rl. and glohoside. Lanes I to 3 are glycolipid< o f  
Hurkitt lymphoma cell lines. (I,ane I )  R;~mos (EHV-negative North American type): (Inne 2 )  
P3HRI (EHV-positive Afric:~n type): and (lane 31 I h u d i  IERV-po.;itive .African type). 1-iine 4 i\ 
T cell leukemia cell line JM: lane 5 is erythroleukemia cell line K56Z (13): and lane 6 is 
lymphoblastoid cell line Priess. Cell.; were cultured in RPMI 1640 tGihco) supplementeil with I 0  
percent heat-inactivated calf serum. Glycolipids used I'cir reference5 were prepared from human 
erythrocytes (-TO). 

510 

tri-0-methylglucitol in an approximately 
equimolar ratio after acetolysis and re- 
duction; 2,4,6-tri-0-methylgalactitol and 
any aminosugar derivatives were not de- 
tectable. (ii) The glycolipid was degraded 
and the reactivity with monoclonal anti- 
body 38-13 was abolished by incubation 
with ficin a-galactosidase (9, 11) but not 
with jack bean p-galactosidase nor with 
jack bean P-N-acetylhexosaminidase (9, 
11). (iii) A globotriaosylceramide (Gb3) 
(12) isolated from human erythrocytes 
(9) had the same TLC mobility as the 
glycolipid antigen isolated from three 
different Burkitt lymphoma cell lines 
(Fig. 2) and displayed the same degree of 
antigenic activity. 

Only Burkitt lymphoma cell lines con- 
tained a large quantity of the glycolipid 
(200 to 800 pg per 100 mg of dried cell 
residue). The human B lymphoblastoid 
cell line Priess, the T cell line JM, and 
the erythroleukemia cell line K562 (13) 
did not contain this glycolipid (see Fig. 
2). 

The specificity of the antibody was 
tested by comparing camplement-medi- 
ated lysis of liposomes (8) containing 
other glycolipids with a similar structure. 
Globoisotriaosylceramide (rat kidney 
ceramide trihexoside) (14) and rabbit 
ceramide pentasaccharide (13, which 
both have a Gala(1 + 3)-Gal residue at 
the terminus did not show appreciable 
activity (Fig. 1B). 

The presence of a glycolipid antigen as 
a cell surface marker characteristic for a 
specific type of tumor is becoming ap- 
parent in experimental cancer as well as 
in human malignancy. Ganglio-N-tria- 
osylceramide (Gg3; asialo-GMz) has 
been demonstrated to be a tumor-associ- 
ated marker in mouse sarcoma (16) and 
lymphoma (17) and can be used as an 
effective target for suppression of tumor 
growth in vivo by passive immunization 
with a monoclonal antibody (immuno- 
globulin G3 class) directed to this gly- 
colipid antigen (18). The use of monoclo- 
nal antibodies to analyze tumor-associat- 
ed antigens has resulted in the discovery 
of a number of glycolipid antigens. A 
monosialoganglioside defined by an anti- 
body specific to a human colonic tumor 
(19, 20) is a remarkable example. The 
structure of the antigen was recently 
identified as sialosyl-Lea (21). A human 
melanoma antigen was defined by two 
monoclonal antibodies in two indepen- 
dent laboratories (22) and identified as 
GD3 ganglioside (23), with the ceramide 
having a long-chain fatty acid (24). 

Globotriaosylceramide (pk antigen), 
which has the unusual terminus structure 
Gala(1 -, 4)-Gal (9), accumulates in var- 
ious tissues and organs of patients with 
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Fabry's disease (4, 5, 25). Although 
globotriaosylceramide is present in mod- 
erate quantity in normal human erythro- 
cytes (1.6 to 2.0 pg per 100 mg of dried 
cell residue; 0.08 to 0.10 pmole per 50 
ml) (26), the quantity is 11100 that in 
Burkitt lymphoma cells. Normal eryth- 
rocytes were not reactive to antibody 38- 
13 (2) but were weakly reactive to  poly- 
clonal antibodies to P absorbed by globo- 
side (5). Analyses of the distribution, 
chemical quantity, and cell surface 
expression of this glycolipid in cells of 
other tissues are lacking. It is possible 
that expression of this glycolipid is cryp- 
tic, as it is in normal human erythrocytes 
and other blood cells. However, a cer- 
tain strain of Escherichia coli causing 
urinary tract infections had a pili lec- 
tin that is known to interact with globo- 
side and globotriaosylceramide (27). 
Whether the globotriaosylceramide of 
the genitourinary tract epithelia is ex- 
posed at  the cell surface has not been 
determined. 

The glycolipid associated with Burkitt 
lymphoma cell lines did not accumulate 
in other lymphoproliferative or  myelo- 
proliferative processes. Because this gly- 
colipid accumulates only in Burkitt lym- 
phoma cells, it could be used for the 
detection of Burkitt lymphoma cells 
among various malignant blood cells and 
lymphoid, erythroid, and myeloid leuke- 
mia cells. In a patient with gastric can- 
cer,  a rare genotype pp was associated 
with a P-like and PI-glycolipid antigen. 
Since the tumor growth in that instance 
was suppressed by anti-plppk antibodies 
(281, the effect of monoclonal antibody 
38-13 on Burkitt lymphoma growth is of 
great interest. Globotriaosylceramide ac- 
cumulation in Burkitt lymphoma could 
result from a blockage of globoside syn- 
thesis o r  from activation of a-galactosyl- 
transferase. Either mechanism could 
yield an altered profile in Burkitt lym- 
phoma, analogous to changes generally 
associated with oncogenic transforma- 
tion (29). 
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Damselfish as Keystone Species in Reverse: 
Intermediate Disturbance and Diversity of Reef Algae 

Abstract. Substrates located within the defended territories of Hawaiian damsel- 
jish for I year were subjected to intermediate grazing intensity and, as  a result, 
showed greater diversity of algae than substrates either protected within jish- 
exclusion cages or exposed to intense jish grazing outside territories. Thus, this 
damselfish enhances local diversity on reefs through "intermediate-disturbance" 
effects and is a keystone species that decreases rather than increases overall 
predation intensity relative to areas where it is absent. 

A major goal of community ecology is 
to determine what factors allow similar 
species to coexist in the same habitat 
without one dominant competitively 
eliminating most others. One such mech- 
anism is known as the "keystone-spe- 
cies" concept. As described by Paine 
( I ) ,  keystone species are predators that 
keep the population densities of their 
prey below levels where resources be- 
come limiting, thus preventing local 
competitive exclusions among the prey 
species. Paine (I) found that the con- 
trolled removal of a starfish population 
resulted in mussels excluding most other 
large invertebrates from a rocky intertid- 
al zone. Thus, a keystone species can 
maintain high local diversity by increas- 
ing the intensity of predation relative to 

areas where that species is absent. We 
now describe a fundamentally different 
kind of keystone species: a damselfish 
that maintains high diversity of algae on 
Hawaiian coral reefs by reducing the 
overall intensity of predation on the al- 
gae (2). This system and the classic key- 
stone-species concept are reconcilable 
when examined in the context of what 
has been called the "intermediate-distur- 
bance" hypothesis (3),  which predicts 
that local diversity reaches a peak at  
moderate levels of disturbance. 

Herbivorous fishes affect the local dis- 
tribution and abundance of algae on trop- 
ical reefs (4-7). Typically, intense graz- 
ing by aggregations of parrotfishes (Scar- 
idae) and surgeonfishes (Acanthuridae) 
results in most exposed coral rock sur- 
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