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Fibroblast Growth Factor Receptors from Liver 
Vary in Three Structural Domains 
JINZHAO HOU, MIKIO KAN, KERSTIN MCKEEHAN, GEORGE MCBRIDE, 
PAMELA ADAMS, WALLACE L. MCKEEHAN* 

Changes in heparin-binding fibroblast growth factor gene expression and receptor 
phenotype occur during liver regeneration and in hepatoma cells. The nucleotide 
sequence of complementary DNA predicts that three amino-terminal domain motifs, 
two juxtamembrane motifs, and two intracellular carboxyl-terminal domain motifs 
combine to form a minimum of 6 and potentially 12 homologous polypeptides that 
constitute the growth factor receptor family in a single human liver cell population. 
Amino-terminal variants consisted of two transmembrane molecules that contained 
three and two immunoglobulin-like disulfide loops, as well as a potential intracellular 
form of the receDtor. The two intracellular iwtamembrane motifs differed in a 
potential serine-threonine kinase phosphorylation site. One carboxyl-terminal motif 
was a putative tyrosine kinase that contained potential tyrosine phosphorylation sites. 
The second carboxyl-terminal motif was probably not a tyrosine kinase and did not 
exhibit the same candidate carboxyl-terminal tyrosine phosphorylation sites. 

T H E  HEPARIN-BINDING FIBROBLAST 

growth factor (HBGF) family con- 
sists of seven related gene products 

that have a broad spectrum of biological 
effects on growth and function of a variety 
of cell types (1). Indirect ligand affinity 
chromatography and immunochemical anal- 
yses suggest that transmembrane tyrosine 

ated human hepatoma cells. These cells ex- 
hibit a heterogeneous population of HBGF 
receptors with varied affinity for ligand (4, 
5 ) .  Specific forms of the HBGF receptor 
may be responsible for a subset of the bio- 
logical effects induced by the HBGF family 
members. Here we deduce, from the nucle- 
otide sequence of cDNA, the structural fea- 

kinase-like molecules similar to the platelet- tures that combine to define a familv of 
derived growth factor and the colony-stim- 
ulating factor one (fms) receptor family 
Vms-like genes ( j g ) ]  function as HBGF 
receptors (2, 3). HBGF stimulates and in- 
hibits proliferation and secretory functions 
of cultured rat hepatocytes and differenti- 
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HBGF receptors in human liver cells. 
We screened 2 x lo6 plaques from a 

Agtll expression library made from human 
hepatoma cell (HepG2) mRNA (4). Screen- 
ing was conducted with synthetic oligonu- 
cleotide probes designed from the sequence 
of a partial human endothelial celljg cDNA 
( 6 )  and yielded five positive clones. Two 
2.6-kb cDNAs, a1 and b2 (Fig. lA), were 
98% and 93% similar in nucleotide and 

deduced amino acid (aa) sequence, respec- 
tively (Fig. 1B). The a1 clone had a type 1 
COOH-terminus and was identical to the 
partial human endothelial fig cDNA (4, 
except for a single base pair substitution (T 
to C), which caused a Val to Ala change in 
an extracellular immunoglobulin (1gG)-like 
loop structure (Fig. 1). The b2 clone dif- 
fered from j g  by a 6-bp (AACAGT) (2 aa) 
deletion in the intracellular juxtamembrane 
domain, and by a 25-bp insertion (GTGTG- 
GAACCTGAAGGCTCCCCTGG) in the 
coding sequence for the second kinase con- 
sensus sequence in the intracellular domain 
(Fig. 1, type 2 COOH-terminus). The 25- 
bp insertion in b2 caused a shift in the 
reading frame, which produced a short 
second kinase consensus sequence (24 aa) 
followed by 44 unique COOH-terminal res- 
idues (Fig. 1). The jwtamembrane se- 
quences encoded in the truncatedjg cDNAs 
were designated as a (RRQVTVSA) and b 
(RRQVSA), respectively. The a and b mo- 
tifs differed in a possible site of phosphory- 
lation by a Ser-Thr protein kinase. 

To deduce the NH2-terminal sequences 
of jg-related gene products from HepG2 
cells, we generated a sublibrary of primer- 
extended cDNA clones in Xgtll with a 
mixture of 3'-oligonucleotide primers com- 
mon to a1 and b2 cDNAs ( 7 ) .  From the 
deduced aa sequences of the primer-extend- 
ed cDNAs, we identified the NH2-terminal 
(extracellular) motifs, which contained three 
(a)  and two (p) IgG-like disulfide loops 
(Fig. 1). The polymerase chain reaction 
(PCR) (8) was used to further characterize 
heterogeneity in jg-related mRNAs in 
HepG2 cells [see Fig. 1B and (9)  for prim- 
ers]. The PCR was carried out with HepG2 
first-strand cDNA as the template, a 5' 
primer (Pla), which began 67-bp upstream 
of the common translational initiation site in 
the a and p cDNAs, and a 3' primer (Plb), 
which ended 11 l-bp downstream from the 
first 3' landmark (TIC) that distinguished a1 
and b2 cDNAs (Fig. 1A). This yielded 
cDNA fragments of 1.1, 1.0, and 0.8 kb 
(Fig. 1A and Fig. 2A, PCR1). Cloning and 
sequence analysis confirmed that the 1.1- 
and 0.8-kb fragments encoded the a (three- 
loop) and p (two-loop) motifs, respectively. 
The 1.0-kb fragment coded for the identical 
translation initiation site and the first 30 
NH2-terminal residues in the 1.1- and 0.8- 
kb fragments. In addition, it contained a 
unique 144-bp substitution in place of the 
267-bp sequence, which encoded the first 
IgG-like loop of the a motif. The 144-bp 
insertion was in the same reading frame as 
the translation initiation site and multiple 
stop codons, which began 94 bp down- 
stream of the 5' insertion site (Fig. 1). An 
alternate candidate translation initiation site 
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was located 123 bp past the 3' insertion site 
of the 144-bp sequence. It preceded an open 
reading frame that began downstream of a 
characteristic stretch of acidic residues and 
upstream of the two IgG-like loop struc- 
tures, which were common to both a and P 
extracellular motifs (Fig. 1). This clone also 
exhibited a deletion of the sequence CG- 
TATG, which was 33 bp upstream of the 
candidate initiation site and occurred in all 
clones that encoded the a and P motifs. This 

A 
0 1.0 2.0 3.0 4.0 kb 
I I I I I I I I I I  

I RI  TIC 

4.3 rle 

a1 

b2 

third NH2-terminal motif (y) exhibited no 
apparent signal sequence for membrane 
translocation and, therefore, suggests an in- 
tracellular form of the receptor. The single 
clones of the 'three PCRl fragments all 
contained the T residue present in the b2 
cDNA (Fig. 1A). 

Generation of a second set of DNA frag- 
ments from HepG2 first strand cDNA tem- 
plate with P la  and P2a, a primer that ended 
at the 3' end of the first kinase consensus 

- = Noncodlng TIC = Thymldlneldeoxycytoaln. 
I ; Inltlatlon alta 
S . Stop mdon 

. RI  = E m  Rl alta 
= Variant lgG Loop + = a ~~~~~~~b~~~~ . Constant lgG Lmpa --.I+. b 1 Motllr 

I = Tranamembrana + = Typa 1 C O O H . ~ ~ ~ ~ ~ ~ ~ ~  
= Klnaw Conwnrua + . Type 2 1 MOtlfS 

V = CGTATG Deletion 

631 RW99ECffiDRGOCDEDSRLWPRTGHSPHRLL* C 750 
631 Y T E D W W l C I D F O U R D Y ( H D W K K T R K i R L W K W W P E A L F D M D  

811 PAQLANQGLKRR* 

Fig. 1. HBGF receptor cDNAs from HepG2 cells. (A) Schematic of full-length (Jg) cDNA for 
HBGF-Raal (Fig. 2B). The single Eco RI site and the single base pair TIC variant is indicated. I, 
indicates the common predicted translational initiation site for a ,  P, and y motifs, and I, indicates the 
alternate predicted initiation site for they motifs. S,, S , ,  and S, indicate the stop codons that determine 
the y and type 1 and 2 motifs, respectively. Partial cDNAs are indicated in kilobase pairs. (B) Deduced 
amino acid sequence of flg HBGF-R variants. The complete sequence of HBGF-Raal (Fig. 2B) 
preceded by the 67  5'-noncoding nucleotides containing the 5' primer P la  is indicated. Positions of 
PCR primers (9) are indicated at their 5' ends. The IgG-like disulfide loop of a is italicized. The unique 
31-aa y sequence, which is in-frame with the common initiation and secretory signal, and the following 
48-bp noncoding nucleotide sequence (solid line) in the 144-bp y insert is indicated over the 
HBGF-Raal sequence. Asterisks indicate stop codons. The characteristic acidic residues are overlined 
and underlined. Site of the CGTATG deletion in the y cDNA that codes for Arg-Met in the a and P 
sequences is boxed. Closed triangles indicate insertion sites of the 267-bp and 144-bp nucleotide 
sequences that define the a and y variants. Open triangles indicate alternate candidate translational 
initiation site (y); open circles indicate cysteines that may form disulfides in the IgG-like loops; closed 
circles indicate putative glycosylation sites. The Val to Ala variant (aa 308) and the transmembrane 
domain (aa 377-397) is indicated. The Thr-Val variation (aa 428429)  in the juxtamembrane domain 
is boxed. Closed boxes indicate conserved tyrosine kinase consensus residues. The interkinase domain 
is underlined. The unique 44-aa residues (VWNLKAPLVHTPRPGSQECPGDRGQCDEDSRLW- 
PRTGHSPHRLL) that define the type 2 COOH-terminus are shown over the type 1 COOH- 
terminus. Open boxes indicate unique potential tyrosine phosphorylation sites in the type 1 COOH- 
terminus. Complete nucleotide sequences have been submitted to GenBank. 

sequence, yielded three cDNA fragments of 
1.8, 1.7, and 1.5 kb (Fig. 2A, PCR2). The 
1.8-kb insert (two clones) coded for the a 
motif linked to the b-type juxtamembrane 
sequence. Analysis of three clones that con- 
tained inserts of the 1.5-kb fragment indi- 
cated that the p extracellular motif was 
linked to both the a-type (one clone) and 
b-type (two clones) juxtamembrane se- 
quences. The PCR conditions were then 
optimized to yield specific al-containing 
cDNA fragments that existed between a com- 
mon 5' primer (P3a) and a 3' primer (P3b) 
that was specific to the a-type juxtamembrane 
sequence. Clones of PCR2 DNA fragments 
(79 of 1.8-kb and 52 of 1.5-kb inserts) (Fig. 
2A) were tested by PCR for the presence of 
the a-type juxtamembrane sequence. Se- 
quence analysis confirmed that HepG2 
mRNA encoded both the a and P extracellu- 
lar motifs combined with the a-type jux- 
tamembrane sequence. 

To determine whether the y NH2-termi- 
nal motif was linked to type a or b jux- 
tamembrane motifs, we specifically ampli- 
fied the 1.7-kb cDNA fragment from the 
PCR2 mixture with P2a and a 5' primer 
(P2b) that was specific to the 5' end of the 
144-bp insert in the y cDNA (Fig. 2A, lane 
3). Sequence analysis of a single 1.6-kb 
clone of the purified cDNA fragment indi- 
cated that the y NH,-terminal motif was 
linked to the b-type juxtamembrane se- 
quence. This yb clone encoded the 6-bp 
sequence (CGTATG) upstream of the can- 
didate initiation site. Presence of the 144-bp 
(y motif) insert in four additional clones 
from an independent experiment was con- 
firmed by PCR analysis with another y-spe- 
cific 5' primer (P2c) and common 3' primer 
(P2d) (Fig. 2A, lane 4). Two clones yielded 
cDNA fragments that existed between a 
common 5' primer (P3a) and a 3' primer 
(P3b) that contained the a-type juxtamem- 
brane motif. Linkage of the y and a-type 
motif was verified by sequence analysis. 

We next tested whether HepG2 mRNA 
contained the a- and b-type juxtamembrane 
motifs linked to the type 1 and type 2 
COOH-termini. Cloned 1.0-kb cDNA frag- 
ments were generated from HepG2 first 
strand cDNA template with 5' primer, P3a, 
which was 105 bp upstream of the trans- 
membrane coding sequence, and P5a, which 
was 230 bp downstream of the 25-bp inser- 
tion in b2 (Fig. 1). Thirty-six candidate 
clones that coded for the a-type motif were 
identified by screening 209 clones with the 
common 5' primer P3a and the a-specific 3' 
primer P3b. A PCR screen with a 5' primer 
(P5b) common to a1 and b2 cDNAs and a 
3' primer (P5c) specific to the unique 25-bp 
b2 insert, revealed that 17 of the 36 a-type 
clones contained the type 2 COOH-termi- 
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nus. Linkage of the a-type juxtamembrane 
motif and type 2 COOH-terminus was con- 
firmed by sequencing two independent 
clones. Of the 173 clones that potentially 
coded for the b-type juxtamembrane motif 
(negative in the P3a-P3b screen above), 49 
were then screened with a common 5' prim- 
er (P5b) and the type Zspeci6c 3' primer 
(P5c). Forty-five clones exhibited the 0.5-kb 
fhgment, indicative of presence of the cod- 
ing sequence for the type 2 COOH-tenni- 
nus. The fbur remaining doubly negative 
clones &om the P3a-P3b and P5b-P5c 
screens coded for the b-type juxtamembrane 
and the type 1 COOH-terminal mod%. 
Thus, the b-type juxtamembrane motif was 
linked to both COOH-terminal mot&. 

These results show that multiple species of 
HcpG2 mRNA code for c o m b i i  of 
threedistinamddomains:threemocitS 
in the NH,-taminal domain (a, p, and y); 
two distinct j u x m x m h  sequences (a and 
b); andtwoCOOH-taminal- (v 
1 and2). Aminimumof6andthaorencal 
maximum of 12 forms o f & - d a d  gene 
products may be expressed in a single &- 
cntiated ha tumor-derived cell population 
(HepG2) (Fig. 2B). Intensities of PCR bands 
and fkquency of appearance in cloned 
cDNAs suggesad that the b-type jmrcaman- 
b r a n e a n d t h e t y p e 2 C O O H H ~ d  
werethemostabundantinHepG2cells.The 
a, p, and y NH,-terminal mot& apptared at 
equal fkqwncies. Analysis of CDNAS that 
extend fiwn the coding sequence for the 
NH,-mminal to tile COOH-terminal mot& 
and domain-+c antibodies to translation 
products will be necessary to demmine rela- 
tive +on ofthe 12 potential variants in 
a single cell or tissue. 

WenextsoughtmQarmimiftheNH,- 
taminadomainstrudlnsinhumanhepa- 
mnajgrelated cDNAs fbmvd HBGF bind- 
i n g s i t e s . T h u s , w e ~ ~ c d l  
crprcssion plasnidr (P91023B) (10) that coil- 
tainedCDNAsthatcncodedfbrthea,p,andy 
N H 2 - ~ ~ ~ t o ~ ~  
hthecommontmmmdmmdomainand 
1 8 r e s i d u e s o f t h e j ~ ~ r e g i o n T h t  
oorrsttuctionswerctradkditaoamonkey 
kidney cell line (COS), and ligand-binding 
['''I-labeled HBGF-1 (acidic FGF) and lZ51- 
labeled HBGF-2 (basic FGF)] to the tmm 
f i m d C O S c d l s w a s ~ b y S c a a h a r d  
plot (Fig. 3A) and covalent ligwd atfinity 
a~ss-linking (Fig. 3, B to D). Sachad anal- 
ysishdbtedthatcellstradkdwithCDNA 
codinghrthea and f3 loopstructursahii 
ired a 15- and 25-bld increase in HBGF 
binditlgsitespaoeilwithanapparentdissocia- 
donconsornt (K',) of4ooto800pM (11). 
A f b i t y ~ l i n k j n g ~ o f & t r a r r s -  
lktedwithcDNAsaxiingfbrtheaandf3 
am;reltular domains d t e d  in labeled bands 

Fig. 2. Identification of mcmbcrs ofrhc,flc HRGF j 
rcccptor familv. (A) PCR analvsis of HRGF-R 
c1)Nks. S indicates a standard DNA laddcr. ' --- 
1 shows the 1.1-kb (a), 1.0-kb (y), and 0 
($) bands hetwccn primers Pla and P l b  (PC 
and lanc 2 shows the 1.8-kb (a), 1.7-kb (y) 
1.5-kb ($) bands bctwccn primcrs Pla anc 
(PCR2) with HepG2 first strand c1)NA teml 
Lanc 3 shows the amplified I .6-kb y hand h 
purification, which rcsultcd from primers P21 
P2a with thc PCR2 product (lanc 2) as tcml 
Lanc 4 shows the P 
band (0.6 kb) with a y 
clone template. Rcacric 
turn (50 pi) contair 
mM tris-HCI (pH 8 
mM KCI, 1.5 mM 
0.1% gelatin, 1.25 u 
To9 p l T  ( 
E l m  Cctus) and 0.2 
each of deoxyadenos~ 
phasphatc (dATP), dl 
tminc mphosphatc ( r  
dc0xvp;uanminc mphc 

nidtneaiphc 
and primcr ( 
1.75 to 75.0 
nizcd for cat 

dlhon. t ~ r s t  m d  r 
were svnthesized wid 

. - -- 
0 

platc. 
cforc 
b and 
platc. 

-J--- 0.1 
Oa2 

> Obl 

Ob2 

and ' -thy 
Tcmplatc ; 
nations (a 
were optir .. . --. 

sphatc. 
:onccn- 
I pmol) 
:h con- 
.. - - .  

:DNA5 
1 indc- 
IS of 
i RNA 
I DTD? 

pendent prcparatior 
Hcp(;2 polyadcnvlatcu 
as tcmplate. PCRl and 
were Derformcd for 44 

1 I L 1 U  

1 cycles I 

C for 2 
nin. All 
: for 30 

at 9qdC for 1 min, 557 1 

min, and 72°C for 3 n 2 
others were carried out - ~ - - 

cycles at 94°C R I ~  1 min, 60°C for 1 min, and 72T tor 1 min. PCR k a p c n t s  wcrc analylrd and purified on 
1% agamc gels, ckmcd into SK Rlucxript phapnidc vector (Smtagcnc), and individual clones wcrc punficd 
and idcntificd by plasmid mini-preparation. (B) Twclvc pssiblc variants of the HRGF n x c p r  in HcpC2 
cclls. Thc predicted a ,  P, and y NH2-tcrminal nl&b arc shown fuscd to the a and b j u m b r a n c  scqucncc 

d the rype 1 and 2 COOH-tcmnini. Fillcd box, the common br 
motifs; fillcd circles, ptcntial glycosylation sins; fillcd rc d 
thc rransrncmbranc domain; hatched boxn, yminc kinax d 

C:VaVAla sitc; c l d  invcrtcd triangle, the Eco RI site. 

variana an 
a and $ 
r-da, 
manglc, T 

initiation sit 
rtangln, ac 
: consensus 

tc and signal 
idic-rich xr 
scqucnccs; c 

scquencc fc 
pcncc; line 
,pen invmc 

Fig. 3. Analysis of HBGF binding 
activity of the cloned rcccpton. (a' 
Rc~rescntat~ve Scatchard analvv 
COS-I cells rransfcctcd with ;he 
cxtraccllular domain (0), a a l  ( L  
ab2 (A), pb2 (0) and vccror alo 
(m) exhibited apparcnt Kd's of 6C 
250. 180.140. and 90 DM. resm 

Cl lb  

. . I . ,  

tivci;. Scarchard analysis was p I 

formed on suspcndcd COS-1 cc 
and ligand atlinity cross-linki 
analysis on mor~olaycr cclls in ass2 
containing 625 pM 'Z~-labclcd 11 
and. Full-length cDNAs wcrc cc 

Y[; 
strutted from 5' and 3' cl)NAs vy ngauull at L I I ~  slllgrc m u  n1 

sitc. The NH2-terminal domain constructions were generated by - 

PCR with Pla and P6 primcrs (Fig. I R). (B) HBGF binding to a 
and $ cxrraccllular domain motifs. Lancs 1 and 2 arc a motif 
anti-sense strand transfcctions, lanes 3 and 4 arc a motif scnsc- 
strand transfcctions, lancs 5 and 6 arc p motif anti-sense transfcc- 
tions, and lane 7 and 8 are p motif sense-strand transfcctions. 97 
Lanes 1, 3,5, and 7 arc ['2SI]HRGF- I (aFGF)-labeled bands and 
lanes 2,4,6,8 arc [12"]HRGF-2 (bFGF)-labclcd bands. (C and 2 3 4 5 6 7  

D) HBGF-1 binding to full-lcngth HRGF-R variants. (C) Lanc 1 is untransfcctcd cclls, lane 2 is cclls 
transfected with cmpty vcctor, and lancs 3 and 4 arc cclls msfccred with sensc and anti-scnsc strand 
ab2 cDNA. Lane 5 is an aal transfcction with 100-fold unlabclcd HRGF-1 in the binding assay, and 
lancs 6 and 7 arc sense- and anti-scnsc strand aal transfcctions. (11) Lancs 1 to 3 arc pb2 sense-strand 
transfcctions, and lanc 4 is a pb2 anti-sense transfcction. lancs 5 and 6 arc sense and anti-scnsc strand 
pal transfcctions, rcspcctivclv. Lanc 2 and 7 were binding assays containing 100-fold unlabclcd 
HRGF-I. 1)isuccinimidvl subcratc (DSS) cross-linker was omitted in lane 3. 

8 FEBRUARY 1991 



at 120 and 90 kD, respectively (Fig. 3B) (12). 
This result indicated that both motifs are ex- 
pressed as products on the cell surface that 
encode the binding site for HBGF. Because the 
sizes of the extracellular structures predicted 
fiom the aa sequence are 44 and 34 kD, 
respectively, the two structures may contain 60 
and 40 kD of carbohydrate. In contrast to 
constructions coding for the a and P extracel- 
lular motifs, the comparable y motif construc- 
tion caused no increase in transfected cell sur- 
face HBGF binding that could be detected by 
either Scatchard analysis or ligand affinity cross- 
linking. Stability, activity, and cellular location 
of y translation products is under investigation. 

T o  determine HBGF binding activity of 
full-length receptor isoforms, in COS cells 
we expressed constructs that contained a or 
p extracellular domains fused to each of the 
two intracellular domain motifs (Fig. 3, C 
and D). Expression of full-length constructs 
caused a 5- to 15-fold increase in specific 
HBGF-1 (Fig. 3A) and HBGF-2 binding 
sites per cell, with an apparent K, of 100 to 
500 pM (11). Constructs coding for the a 
motif yielded [12"]HBGF-l-labeled 
expression products that were about 30 kD 
larger than constructs coding for the P mo- 
tif. Finally, constructs coding for the b2 
intracellular domain exhibited [12'I]HBGF- 
labeled expression products that were about 
20 kD smaller than constructs coding for the 
a1 intracellular domain (13, 14). 

The three distinct structural domains that 
combine to form HBGF receptor isoforms 
are likely to affect ligand binding, oligomer- 
ization, cellular location, metabolism, and 
signal transduction (15). The a and P extra- 
cellular motifs appear to differentially oligo- 
merize (12), and ligand binding may be 
affected by the intracellular domain motif 
with which it is combined (Fig. 3, C and D) 
(12, 13). The cDNA that encodes the y 
motif may result in an intracellular form of 
the receptor. The a- and b-type juxtamem- 
brane motifs contain different candidate 
phosphorylation sites for a Ser-Thr protein 
kinase. Juxtamembrane phosphorylation 
sites have been implicated in alteration of 
ligand affinity, kinase activity, and internal- 
ization (down-regulation) of tyrosine kinase 
receptors (15, 16). The two COOH-termi- 
nal motifs may differ in tyrosine kinase 
activity, in interaction with intracellular sub- 
strates, and as substrates for tyrosine kinases 
in the COOH-terminus (15). 
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Inability of Malaria Vaccine to Induce Antibodies to a 
Protective Epitope Within Its Sequence 

Saimiri monkeys immunized with a recombinant protein containing 20 copies of the 
nine amino acid repeat of the Plasmodium vivax circumsporomite (CS) protein 
developed high concentrations of antibodies to the repeat sequence and to sporomites, 
but were not protected against challenge. After intravenous injection of an immuno- 
globulin G3 monoclonal antibody (NVS3) against irradiated P .  vivax sporomites, 
four of six monkeys were protected against sporomite-induced malaria, and the 
remaining two animals took significantly longer to become parasiternic. Epitope 
mapping demonstrated that NVS3 recognizes only four (AGDR) of the nine amino 
acids within the repeat region of the P .  vivax CS protein. The monkeys immunized 
with (DRAhGQPAG),, did not produce antibodies to the protective epitope AGDR. 
Thus, determination of the fine specificity of protective immune responses may be 
critical to the construction of successful subunit vaccines. 

D URING RECENT YEARS THERE HAS 

been considerable effort to produce 
vaccines designed to induce protec- 

tive antibodies against repetitive sequences 
on the CS protein of Plasmodium, which 
causes human malaria. These efforts have 
been, in large part, based on the observation 
that passive transfer of monoclonal antibod- 
ies against the CS protein of rodent parasites 
Plasmodium berghei (1, 2) and P. yoelii (3) 

protects against challenge with sporozoites. 
Incubation of P,  falciparum or P,  vivax 
sporozoites with Fab fragments of monoclo- 
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