
could potentially reassort with LAC vi- 
rus, infect humans much more frequent- 
ly (7). Since LAC virus is sympatric in 
portions of its distribution with certain of 
these bunyaviruses, it is possible that 
reassortment of genomes could occur, 
resulting in serious epidemiologic conse- 
quences. 

Dual infection of mosquitoes by inter- 
rupted feeding may enhance possibilities 
for evolution of bunyaviruses in vectors. 
Although A. triseriatus is a relatively 
long-lived mosquito, the number of go- 
nadotrophic cycles is limited (8). Thus, 
chances for dual infection, segment reas- 
sortment, and transmission of new virus 
genotypes would be more likely if dual 
infection occurred during the first gonad- 
otrophic cycle. Opportunities for genera- 
tion of new virus genotypes in mosqui- 
toes infected with the first virus in one 
gonadotrophic cycle and the second vi- 
rus during a subsequent cycle would be 
limited both by interference and by the 
life history of the mosquito. Most fe- 
males would not live long enough to 
successfully transmit newly generated 
reassortant viruses to susceptible verte- 
brates. Virtually all mosquitoes became 
dually infected in the interrupted feeding 
studies (Table 3). In only about 25 per- 
cent of the specimens did both viruses 
infect the same cell, yielding reassortant 
viruses. Perhaps different virus combina- 
tions, different vector mosquitoes, or 
different experimental conditions, such 
as a longer incubation period or addition- 
al gonadotrophic cycles, would yield 
more reassortant viruses. Alternatively, 
there may be genetic constraints on the 
generation of reassortant viruses in mos- 
quitoes. 

These studies demonstrate the poten- 
tial for RNA segment reassortment of 
bunyaviruses in dually infected vectors. 
The frequency of these events in more 
biologically relevant systems (such as 
heterologous wt virus crosses) and the 
significance of these events in nature 
remain to be determined. 
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Cyanobacterial Light-Harvesting Complex Subunits Encoded in 
Two Red Light-Induced Transcripts 

Abstract. The major light-harvesting complex in cyanobacteria and red algae, the 
phycobilisome, is composed of chromophoric and nonchromophoric polypeptides. 
Two linked genes encoding major chromophoric components, the polypeptide 
subunits of phycocyanin, were isolated from the cyanobacterium Fremyella diplosi- 
phon. Transcripts from this phycocyanin subunit gene cluster were present as major 
species in the cyanobacterium grown in red light, but not in cultures maintained in 
green light. The genes for the subunits of the red light-induced phycocyanin were 
transcribed together (P-phycocyanin followed by a-phycocyanin) on two messenger 
RNA species; one contained 1600 bases while the other had 3800 bases. The latter, 
which encompassed the smaller transcript, contained additional sequences extend- 
ing from the 3' end of the coding region of the a-phycocyanin gene. It may encode 
other light-induced components of the phycobilisome. Since phycocyanin, which 
effectively absorbs red light, becomes a dominant constituent of the phycobilisome in 
red light, these dzflerent levels may reject an important adaptive mechanism of these 
organisms to their environment. 

PAMELA B. CONLEY 
PEGGY G. LEMAUX 
ARTHUR R. GROSSMAN 
Department of Plant Biology, 
Carnegie Institution of Washington, 
Stanford, California 94305 

Phycobilisomes are major light-har- 
vesting complexes in prokaryotic cyano- 
bacteria and eukaryotic red algae and 
may constitute 50 percent of soluble cel- 
lular protein (I). Chromophoric proteins 
(phycobiliproteins) present in the two 
domains of this complex, the core which 
is directly anchored to the photosynthet- 
ic membranes and the rods which are 
attached to the core (2, 3), serve to 
absorb light energy and transfer this en- 
ergy to the photosynthetic reaction ten- 
ter (4). The three major chromophoric 
proteins are phycocyanin (PC), allophy- 
cocyanin (APC), and phycoerythrin 
(PE), each of which is composed of two 
related subunits, a. and P .  In addition to 
these polypeptides, specific nonchromo- 
phoric linker polypeptides mediate the 
association between the different phyco- 
biliproteins. The constituents of the phy- 
cobilisome in many cyanobacteria vary 
to optimize the absorption of prevalent 
wavelengths of light (1, 5), a phenome- 
non termed complementary chromatic 
adaptation (1). Evidence obtained with 
inhibitors of transcription (6) suggests 

that a change in light quality triggers 
an alteration in the transcription of phy- 
cobiliprotein genes. However, little is 
known about the genes encoding phyco- 
bilisome polypeptides and how their 
transcription is controlled. 

We recently isolated and character- 
ized the genes for four phycobiliprotein 
subunits (a- and P-PC and a- and p-APC) 
from the plastid genome of the eukaryot- 
ic alga Cyanophoraparadoxa (7,8). Oth- 
ers have isolated PC genes from the 
cyanobacterium Agmenellum quadrupli- 
catum (9, 10). In eukaryotic algae, the 
subunit genes for PC and APC are each 
transcribed on a dicistronic messenger 
RNA (mRNA) (8), as is the case for the 
PC subunit genes in A. quadruplicatum 
(9). The PC subunit genes of C. para- 
d o x ~  (7) were used in heterologous hy- 
bridizations to isolate analogous genes in 
the cyanobacterium Fremyella diplosi- 
phon. Figure 1 shows a Southern hybrid- 
ization in which two fragments generated 
from the plastid-encoded PC subunits 
were hybridized to genomic DNA from 
F. diplosiphon digested with various re- 
striction enzymes. One fragment used 
was a 0.8-kilobase (kb) sequence (8) en- 
coding almost all of P-PC and the amino 
terminal third of a-PC. A second frag- 
ment, generated by Sau3A digestion of 
the insert from pCPC2368 (3, contained 
63 base pairs (bp) encoding the con- 
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served, carboxyl terminal chromophore 
binding site of p-PC, and showed speci- 
ficity for P-PC under the hybridization 
conditions used. 

The 0.8-kb fragment hybridized, at 
moderate stringency (approximately 40 
percent mismatch allowed), to several 
fragments of F. diplosiphon genomic 
DNA in each restriction digest (Eco RI, 
Pst I, and Hind 111) (Fig. 1A). Since 
amino acid composition data suggest that 
there are at least two different sets of PC 
polypeptides [one constitutively ex- 
pressed and the other expressed only in 
red light ( l l ) ]  and since linkage of a- and 
p-PC subunit genes has been demon- 
strated (9, lo), a minimum of two hybrid- 
izing fragments in each digest are likely 

to encode PC subunits. In addition, the 
phycobiliprotein subunits are encoded 
by a family of genes that probably arose 
from a single ancestral gene (12); there- 
fore, the other restriction fragments that 
hybridized to the 0.8-kb sequence proba- 
bly encode other phycobiliproteins [a- 
and P-subunits of APC, perhaps multiple 
species of a- and P-PE as well as other 
minor components (13-15)l. Under the 
same conditions of stringency, the se- 
quence covering the conserved chromo- 
phore binding site of P-PC from C. para- 
d o x ~  hybridized to only one fragment in 
each digest (6.6-kb Eco RI fragment, 2.6- 
kb Pst I fragment, and 3.8-kb Hind 111 
fragment) (Fig. 1B). The single hybridiz- 
ing species in each digest corresponded 

to one of the strongly hybridizing frag- 
ments observed when the 0.8-kb se- 
quence was used (Fig. 1, A and B). Since 
a single species hybridized in each di- 
gest, only one of the p-PC genes of F. 
diplosiphon showed strong homology to 
the C. paradoxa region encoding the 
carboxyl terminal chromophore binding 
site of p-PC. When the stringency of 
hybridization was decreased (approxi- 
mately 50 percent mismatch), addition- 
al sequences hybridized to the 63-bp 
probe. 

To isolate the PC genes hybridizing to 
the 63-bp sequence, we digested F. di- 
plosiphon genomic DNA with Hind 111, 
fractionated it on an agarose gel, and 
cloned fragments of approximately 3.8 

-- 
I OLbp  B-PC *PC 

B 
B-PC ATGCTTGACGCTmACTMAGTA(iTTTCCCAAGCTOACACTOOAGOCGCATACAT---- 

Fremyella Met LeuAsp Ala PheThr Lys Val Val Ser Gln Ala AspThr Gly Gly Ala Tyr I2 
Agmenellum Met Phe Asp I le Phe Thr Arg Val Val Ser Gln Ala Asp Ala Arg Gly Glu Phe Ile 

Cyanidium Met Leu Asp Als Phe Als Lys Val Val Ala Ala Ala Asp Als Arg Gly Glu Phe Leu 

a-PC ATGAAAACACCTTAACCGAAGCCGTAQCTACCGCAGATTCCCAAGGTCGGmTG---- 

Fremyella Met Lys Thr Pro Leu Thr Glu Ala Val Ala Thr Ala Asp Ser Gln Gly Arg Phe Leu 

Agmenellum Met Lys Thr Pro Leu Thr Glu Ala Val Ala Leu Ala Asp Ser Gln Gly Arg Phe Leu 

0 
Cyanidium Met Lys Thr Pro Ile Thr Glu Ala I le Ala Als Als Asp Asn Gln Gly Arg Phe Leu 

-6.3 

-5.5 Fig. 1 (left). Hybridizations of total genomic F .  diplosiphon DNA to heterologous PC 
-5.0 sequences. Genomic DNA (-1 pg), isolated (18) from F .  diplosiphon [UTEX 481 grown on 

Gorham's medium (19)], was digested with restriction endonucleases, electrophoresed on a 0.8 
percent agarose-tris pcetate-EDTA (TEA) gel (201, and transferred to nitrocellulose. The 
enzymes used were Eco RI (lanes 11, Pst I (lanes 2), and Hind I11 (lanes 3). (A) Hybridization to 
a nick-translated, 0.8-kb fragment from C. paradoxa [Eco RI-Pst I fragment from pCPC4067 
(7)] encoding the amino terminal third of a-PC from C. paradoxa and all but 17 amino terminal 
amino acids of f3-PC. (B) Hybridization to a 63-bp C. paradoxa fragment [containing 33 bp 
encoding the conserved carboxyl terminal chromophore binding site of P-PC and 15 bp on either 
side (7)], labeled by fill-in of protruding Sau3A ends with the Klenow fragment of DNA 
polymerase I. Hybridizations (7) were done at 55°C (15 to 18 hours, 5 x Id Cerenkov 
countlmin per filter). The 0.8-kb fragment was hydrolyzed to 300 to 400 bp by boiling in O.5M 
NaOH for 5 minutes. After hybridization, the filters were washed three times [lo minutes each 
time with 0.01M PO4- buffer (pH 7.0),0.02M EDTA, and 0.1 percent sodium dodecyl sulfate] at 
room temperature and exposed to Kodak XAR-5 film (-80°C for 24 hours). Molecular weight 
markers are Eco RI restriction fragments of pRR12 (7). Fig. 2 (above). (A) Restriction 
enzyme map of the 3.8-kb Hind 111 insert from pFD126. Total genomic F .  diplosiphon DNA 
digested with Hind I11 was fractionated on a 0.8 percent agarose-TEA gel (20) and fragments of 
approximately 3.8 kb were electrophoresed onto NA-45 paper (Schleicher & Schuell) and eluted 
in accordance with the manufacturer's specifications. Fragments were ligated into pUC8 and 
transformed colonies were screened by colony hybridization (21) with the C. paradoxa p-PC 
gene (0.8 kb; see legend to Fig. 1). The insert DNA from a positively hybridizing clone (pFD126) 
was mapped with restriction endonucleases [Hind I11 (H), Pst I (P), Msp I (M), Aha I11 (A), Dde 
I (D), and Cla I (C)]. The location of the Msp I site in parentheses (M) is not known but is in one 
of the two indicated positions. ~~bridizations of C. paradoxa DNA fragments encoding p-PC 
(0.8 kb; see leaend to Fia. 1) or a-PC (encoding all of a-PC. the carboxvl terminal 31 amino acids 
of @PC, and ~pproxim~ely 800 bp at the 3' &d of the structural genk for a-PC) to DNA from 
the 3.8-kb insert indicated the probable positions of the genes for the a and P subunits. These 

assignments were confirmed by sequencing. The direction of transcription for the PC genes is left to right. (B) Nucleotide and predicted amino 
acid sequences of the 5' ends of the PC genes in the 3.8-kb Hind I11 insert of pFD126. The nucleotide sequence encoding the amino terminus of 
the p-PC gene was determined (22) after labeling at the Cla I site with polynucleotide kinase or after fill-in with the Klenow fragment of DNA 
polymerase I. The nucleotide sequence encoding the amino terminus of a-PC was determined after ligating the Pst I and Hind I11 fragment (1.0 
kb) of the 3.8-kb insert of pFD126 into the M13 vector mp19 (24). The sequence encoding @-PC begins 67 bp to the left of the Cla I site and ends 11 
bp to the right of the Pst I site. The a-PC gene begins 84 bp to the right of the Pst I site and ends just to the left of the Dde I site. The predicted ami- 
no acid sequence is shown after Fremyella. The amino acid sequence determined from the nucleotide sequence of A. quadruplicatum (9, 10) is 
shown after Agmenellum; the amino acid sequence derived from purified PC subunits of C. caldarium is presented after Cyanidium (16). 
Underlined residues in the Fremyella sequence are identical to the AgmeneNum or Cyanidium sequence at that position. 
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kb into pUC8. Figure 2 shows a restric- 
tion map for a 3.8-kb insert isolated from 
a colony (pFD126) hybridizing to the 0.8- 
kb fragment. The positions of the P- and 
a-PC genes were determined by heter- 
ologous hybridizations with the C. para- 
d o x ~  genes; the probes used were the 
0.8-kb fragment, which encodes the con- 
served regions of P-PC, and a 1.4-kb 
fragment from pCPC2368 (7), which en- 
codes the conserved regions of a-PC. 
The positions of the a- and P-PC genes 
were confirmed by sequence analysis of 
the 3.8-kb insert. The F. diplosiphon 
nucleotide sequences encoding the first 
19 amino acids of a- and P-PC are pre- 
sented in Fig. 2B. The predicted amino 
acid sequences of these subunits from F. 
diplosiphon compared to analogous se- 
quences from A. quadruplicatum (9, 10) 
and from the eukaryotic alga Cyanidium 
caldarium (16) are highly homologous. 

Since F. diplosiphon modulates PC 
levels during complementary chromatic 
adaptation (I), we examined the effect of 
different illumination conditions on tran- 
scripts homologous to the 3.8-kb insert. 
Northern analyses of RNA isolated from 

Fig. 3. Hybridization of restriction fragments 
from the 3.8-kb insert of vFD126 to RNA 

cultures maintained in' red 'or green light 
are presented in Fig. 3. Restriction frag- 
ments (denoted A, B, C, and D) generat- 
ed from the 3.8-kb Hind 111 insert were 
hybridized under relatively stringent 
conditions (less than 30 percent mis- 
match) to the RNA. The locatiohs of 
fragments A to D with respect to the 
coding sequences of the PC subunit 
genes are presented in the upper part of 
Fig. 3. A Dde I fragment (fragment C) 
encoding all of a-PC and all but the 
amino terminus of P-PC hybridized 
strongly to two mRNA species, 1.6 and 
3.8 kb in size, present only in RNA from 
cells grown in red light, not in RNA from 
cells grown in green light. The smaller 
transcript is only slightly larger than the 
transcripts encoding a- and P-PC in A. 
quadruplicatum (9) and C .  paradoxa (8). 
The faintly hybridizing sequences (X, Y, 
and Z in Fig. 3) present in all the hybrid- 
izations correspond to the positions of 
ribosomal RNA species. When total F. 
diplosiphon RNA was hybridized to a 
2.4-kb fragment (fragment B) containing 
the 5' end of the P-PC gene and addition- 
al upstream sequences, both the 1.6- and 

isolated from cultures o f  F. diplosiphon D 

grown in red and green light. Lanes contain- HI A I .  C D H 

ing RNA isolated from cultures arown in red 
or-green light are indicated by r &d g, respec- 

n 1 
I r u  tively. DNA fragments used to hybridize to B c D 

immobilized RNA are indicated by bars below 
the appropriate restriction sites on the map. B C D 
Positions of the genes encoding a- and $-PC g  r g  r g  r g  

are shown and the direction of transcription is 
left to right. The faintly hybridizing frag- 

K 
ments, designated X, Y, and Z, correspond to a the positions of ribosomal RNA species. [X is -3.8 

the 235 species, Y is a cleavage product of X, x- 
and Z is the 16s species. When RNA from 

Y- both cultures were hybridized to an Esche- 
richia coli clone (25) encoding the 23S, 16S, 
and 5 s  ribosomal DNA species at 6S°C, bands =- . -1.6 
X, Y, and Z hybridized very strongly.] RNA 
from cultures grown under red or green illumi- 
nation (-50 pE m-* sec-') was isolated by 
sequential extraction. Cultures (approximate- $ ly 200 ml) in mid-log phase were collected by 
vacuum filtration on Whatman 1-mm filter kc 
disks and rapidly immersed in 15 ml of O.lM 
tris-HCI CpH 6.5) containing 6M guanidine- 
HCI, 0.01M dithiothreitol, and 1 percent N- 
lauroylsarcosine and extracted 126). Extrac- 
tion with phenol and sodium dodecyl sulfate 
followed (27). The purified RNA (2 pg per 
lane) was electrophoresed in a 1.5 percent 
agarose gel at 150 V in 1 x MEN buffer [0.02M 
N-morpholinopropanesulfonic acid (pH 7.0), 
O.OO5M sodium acetate, and 0.001M EDTA 
(20)J and transferred to nitrocellulose without 
further treatment (28). Molecular weight markers (A digested with Hind HI, pBR322 digested 
with Hpa 11) were treated like the SNA samples before loading onto the gel. The nitrocellulose 
was baked for 3 hours in a vacuum at 80°C. Hybridizations with the nick-translated DNA 
fragments A, B, C, and D (boiled for 5 minutes in 0.5M NaOH) were carried out as described in 
the legend to Fig. 1 (except at 65°C) (1.5 x 1@ Cerenkov cbunt/nlin per filter). The filters were 
washed and exposed to Kodak XAR-5 film. The specific activity of the probes used was 
approximately 2.5 X 10' countlmin per microgram of DNA. 
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3.8-kb transcripts hybridized. However, 
when a 2.0-kb fragment (fragment A) 
commencing approximately 400 bp up- 
stream of the coding region for P-PC was 
used, there was no detectable hybridiza- 
tion to the 1.6-kb transcript and low- 
level hybridization to the 3.8-kb tran- 
script. Since the DNA species were in 
excess, were hydrolyzed, and were of 
similar specific activities, the relative 
intensities of hybridization in fragments 
A to D indicate the extent of the DNA 
sequences homologous to the RNA. 
Therefore, only a small region of frag- 
ment A is homologaus to the 3.8-kb 
transcript, suggesting that the larger 
transcript must begin close to the Aha 111 
cleavage site. Since the same fragment 
did not show detectable hybridization to 
the 1.6-kb transcript, the 5' ends of the 
two transcripts may not be identical. S1 
nuclease protection experiments will de- 
fine the positions of the 5' ends of these 
transcripts. Since fragment D, extending 
downstream from the coding sequences 
for the PC genes, hybridized strongly to 
only the larger transcript, most of the 
additional information on the 3.8-kb 
transcript extends from the 3' end of the 
coding region for a-PC. 

In conclusion, the increased synthesis 
of PC in cultures of F. diplosiphon grown 
in red light is correlated with the increase 
in transcripts encoding the PC subunit 
genes we isolated. Furthermore, two dis- 
tinct transcripts encode these genes. 
Most of the approximately 2000 bases of 
additional sequence information in the 
larger transcript extends from the 3' end 
of the coding sequence for a-PC. Other 
phycobilisome constituents vary coordi- 
nately with the red light-induced PC [for 
example, specific linker proteins associ- 
ated with the induced PC subunits (ll)]. 
A synthetic oligonucleotide specific for 
the amino terminus of a red light-in- 
duced linker hybridizes to this region. 
We have not yet determined the exact 
positions at which transcription of these 
two species begins; however, the evi- 
dence suggests that the transcripts have 
different 5' ends. The synthesis of the 
larger transcript may result from initia- 
tion at a different start site and transcrip- 
tion past the termination site utilized in 
the synthesis of the smaller transcript. 
Alternatively, both transcripts may initi- 
ate at the same site, with the smaller 
transcript being formed by degradation 
or processing of the larger transcript. 
Differential stability of portions of a tran- 
script encoding photosynthetic genes in 
Rhodopseudomottas cupsulata has been 
proposed to account for differences in 
levels of gene products encoded in these 
transcripts (1 7). 
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A Plasmodium falciparum Antigen That Binds to Host 
Erythrocytes and Merozoites 

Abstract. Antigens that bind to erythrocytes were identijied in the supernatant 
fluids of a cultured human malaria parasite (Plasmodium falciparum). A 175- 
kilodalton (175K) antigen bound only to erythrocytes susceptible to invasion. The 
175K antigen from the Camp or the FCR-3 strain also bound to merozoites. 
However, the antigen did not bind to merozoites when merozoites and supernatant 
antigens were from different strains unless proteinase inhibitors were present. 
Moreover, erythrocytes coated with supernatant antigens from the Camp or FCR-3 
strain were invaded normally by merozoites of the homologous strain but were 
partially resistant to invasion by merozoites of the heterologous strain. The 175K 
antigen may be a receptor acting as a "bridge" between erythrocytes and mero- 
zoites. 
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The human malaria parasite Plasmodi- 
um falciparum invades only human and a 
few nonhuman primate erythrocytes (I). 
The erythrocytes are invaded by the 
merozoite form of the parasite, and the 
process of invasion depends on the capa- 
bility of merozoites to recognize ligands 
on the erythrocyte membrane (2-4). 
Identification of parasite receptors and 
their ligands is important for understand- 
ing the invasion process and for develop- 
ing immunologic and chemotherapeutic 
weapons against the parasite. 

Most studies of merozoite-erythrocyte 
interactions indicate that sialic acid and 
erythrocyte membrane glycophorins are 
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proteins of the erythrocyte meibrane 
(5). However, the role of these antigens 
during invasion has not been deter- 
mined. Parasite antigens of 155K and 
130K bind to purified glycophorin A (6), 
but not to normal erythrocytes (7). An- 
other 155K antigen is inserted into the 
erythrocyte membrane at the time of 
invasion (8, 9), and specific antibodies 
purified from a human immune serum 
inhibit the invasion of erythrocytes by 
merozoites (10). However, these anti- 
bodies do not inhibit the attachment of 
merozoites to erythrocytes (10). There- 
fore, although the glycophorin-binding 
antigens and the antigen inserted into the 
membrane of ring-infected erythrocytes 

are probably involved in invasion, there 
is no evidence that they mediate the 
initial attachment of merozoites. 

In this study we used intact erythro- 
cytes as an affinity substrate to identify 
other parasite molecules that may be 
involved in initial attachment. This ap- 
proach has the advantage of maintaining 
erythrocyte ligands in their natural envi- 
ronment and with their native configura- 
tion. Since the use of intact erythrocytes 
precludes the use of detergents, superna- 
tant fluids of P ,  falciparum cultures were 
used as a source of antigens. This ap- 
proach seemed feasible since many anti- 
gens, including the 155K antigens, are 
released into culture supernatants (6, 8). 
Erythrocyte-binding antigens (EBA) 
were therefore investigated by incuba- 
tion of culture supernatants with eryth- 
rocytes that were susceptible or resistant 
to invasion in order to determine the 
specificity of the binding. 

Schizont-infected erythrocytes from 
synchronized cultures (11) were purified 
(12) and labeled with [3H]isoleucine. 
Culture supernatants were collected af- 
ter 4 hours. Erythrocytes were incubated 
with the labeled supernatants, washed, 
and lysed in Triton X-100. The EBA in 
this lysate were precipitated with serum 
from a Nigerian donor containing malar- 
ial antibodies and were visualized by 
fluorography after sodium dodecyl sul- 
fate-polyacrylamide gel electrophoresis 
(SDS-PAGE) (13). 

Four antigens with apparent molecular 
weights of 175K, 120K, 65K, and 46K 
from culture supernatants bound to hu- 
man and Aotus trivirgatus erythrocytes, 
both of which are susceptible to invasion 
(lanes b, e, i, and j in Fig. 1). Similar 
results were obtained with two different 
parasite strains, Camp and FCR-3 (14). 
No parasite antigens were detected in 
control experiments performed with se- 
rum from uninfected humans. The EBA 
were also investigated with erythrocytes 
treated with various enzymes and eryth- 
rocytes naturally resistant to invasion. 
No EBA were observed with human 
erythrocytes rendered resistant to inva- 
sion by treatment with trypsin (lane k in 
Fig. 1) or neuraminidase (lane 1 in Fig. 
1). Binding of the 175K and 65K antigens 
did not occur with human Tn erythro- 
cytes (lanes d and g in Fig. 1). These 
erythrocytes, which resist invasion, lack 
sialic acid on the 0-linked tetrasacchar- 
ides of the glycophorins, but have sialic 
acid on N-linked oligosaccharides and on 
glycolipids (15). Erythrocyte-binding 
antigens of 120K, 85K, and 75K were 
revealed with guinea pig or rabbit eryth- 
rocytes, and EBA of 80K, 65K, and 46K 
were revealed with rhesus monkey 




