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Summary 

An analysis of the circumsporozolte (CS) genes of six 
closely related plasmodla is presen;ted. Like other 
plasmodial antigens, the CS protein contains tandem 
repeats flanked by conventional nonrepeated se-
quences. Our analysis shows that the repeats, which 
encode the Immunodominant epitope of the CS pro-
tein, diverge more rapidly than the remainder of the 
gene, and that the maintenance and evolution of the 
repeats cannot be exp.ained as the result of selection 
at the protein level. We argue that a mechanism acts 
directly on the DNA sequence to constrain the Internal 
divergence of the repeats, and as a result promotes 
their rapid divergence between taxa. 

Introduction 

Malaria infections are initiated in the vertebrate liver by 
Plasmodium sporozoites that are densely coated with a 
highly immunogenic circumsporozoite (CS) protein (re-
viewed inNussenzweig and Nussenzweig, 1985). The CS 
protein induces prolective immunity (reviewed in Coch-
rane at al., 1980), and therefore is being assessed for its 
potential as a malar!,l vaccine component (Zavala et al., 
1985; Young et al., 1985; Ballou et al., 1985; Vergara et al., 
1985; Sharma et al., 1986). A striking feature of this protein 
is that it contains a central domain of tandemly repeated 
amino ac! is (Ozaki et al., 1983), the function of wich is 
not known. 

The complete CS genes of the human malarias, P ial-
ciparum (Dame et al., 1984) and R vivax (Arnot et al., 
1985), the simian malaria R knowlesi (H and Nuri strains) 
(Ozaki et al., 1983; Sharma et al., 1985), and the rodent 
malaria P.berghei (Eichinger et al., 1986) have been iso-
lated and sequencbd. These gene sequence:- indicate 
that R vivax and P.knowlesi are closely related, and P.fal-
ciparum and R berghei are distantly related to these spe-
c! is and to each other. Structural similarities shared 
among these sequences corroborate previous evidence 
that the CS proteins of different plasmodial species are 
relat6d (Santoro et al., 1982). The structural regions of 
these genes range in size from 1.0-i.3 kb and their central 
repeated domains are approximately half this size. 

The repetitive domain of each CS gene encodes the im-
munodominant epitope of the CS protein. These epitopes 
are generally species-specific, and, although composed 
of a restricted number of amino acids, show no simi-

larity ir. their amino acid sequences [e.g., R falciparum
(NANP)n; P.knowlesi (H)- (GQPQAQGDGANA)n.] 

Tandem repeats are not unique to the CS protein. They 
are also present in many unrelated antigens from the 
blood stage of plasmodial infections (see Ravetch et al., 
1986; and Cowman et al., 1985, and references therein for 
an overview). The ubiquity of intragenic repetitive se
quences in plasmodial antigens prompts the question of 
what mechanism and selective pressures operate to 
generate and maintain these sequences. Toward this end, 
we set out to analyze the CS genes of several strains of 
the simian malaria species P.cynomolgi. Repetitive se
quences are also present in an antigen of the parasites 
Toxoplasma gondii (Rodriguez et al., 1985), Trypanosoma 
cruzi (Peterson et al., 1986), and Schistosoma mansoni 
(Bobek et al., 1986). 

The Gombak (G), NIH (N), Mulligan (M), Ceylon (C), 
London (L), and Berok (B)strains of P cynomolgi, inves
tigated in this study,were isolated from diverse geographi
cal regions of Malaysia and Ceylon (Coatney et al., 1971). 
These strains share various biological and morphological 
properties characteristic of the species. However, the im
munodominant repetitive epitopes of the CS proteins 
of these strains, with one exception, were found to be 
immunologically strain-specific (Cochrane et al., 1985, 
1906). 

We recently cloned and physicallycharacterized the CS 
genes and about 12 kb of flanking sequences from the G, 
M, N, L, and C strains of P.cynomolgi (Enea et al., 1986). 
Overall, these clones appeared to be closely related; how
ever, the central region of each CS gene appeared to be 
unique to each strain. In this study, we have isolated and 
characterized an additional CS genomic cone from the B 
strain of P.cynomolgi, and we presernt the nucleotide and 
deduced amino acid sequences of all six CS genes. 

The sequences flanking the repetitive domain of oach 
gene are about 9b./o conserved among all six of these 
genes, whereas the repeats from five out of six of these 
genes are considerably diverse in sequence, size, and 
number.The homology that can be detected among these 
sequences, however, indicates that they are related to 
each other, and to a lesser degree to the repeated se
que'rces of the P.knowlesi and R vivax CS genes. We 
conclude from our analysis that the repetitive domain of 
each of these CS genes evolves in a manner that con
serves the repetitiveness of the locus rather than any par
ticular epitope-encoding sequence. 

Results 

A genomic clone was isolated from blood stage DNA of 
the Berok strain of P.cynomolgi, and its physical map was 
deteimined (Figure 1). It bears the same general features 
that we had observed earlier in genomic CS clones of the 
G, N, M, C, and L strains of P.cynomolgi (Enea et al., 
1986). The two Hindill restriction sites that are conserved 
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HA H B Figue 1. Physical Map of P. cynomolgi CS 
A i X Gena Genomic Clones 

Each clone was constructed in the lambda vec
tor EMBL4 (-). The inserts (-. - -) are de

___________________________________________fined by Ecol (E) sites, and are "-12 kb for theG, M, N,C,and Lgenomic clones and ',19 kb 
for the B genomic clone. The dotted line indi
cates that these sizes differ. ristriction sites 

I Kcommon --Kb------- to the G, M, N, C, L, and Bgenomicclones are indicated by solid bars. One Hindlll 

(H)site, indicated by a dotted bar, is absent in
the G and B clones. The Mand N clones lack 
the Xbal (X)site. The translated portion of the 
gene is shown as a hatrthed bex The pUC
(--.) and M13 ( subclon6S 
primarily used for sequencing al six CS genes 
are diagrammed below. Other at-oreviations 
ae A = Accl, B " Bglll, and K = Kpnl. 

within the CS genes of the N, M, L, and C strains demar- strain-specific CS fusion proteins are expressed by the G, 
cate central regions of these genes, which "ange in size N, L, and C recombinants. Cross-reactivity was observed 
between 0.75 and 0.9 kb. A comparable region is delin- between anti-N Mabs and the M CS fusion proteins, con
eated in the G and B CS genes by a 5' HindIll site and a sistent with previous immunological data indicating that
3' Bglll site; the G and B CS genes lack the 3' Hindlll site the N and M strain sporozoites have cross-reacting CS 
because of a single base substitution (AAGCTT-AAG- protein epitopes (Cochrane et al., 1985, 1986).
CTC). The epitope-encoding repeats of the G strain have The complete sequences of all six R cynomolgi CS 
been mapped in this HindllI-Bglll region (Enea et al., genes were determined primarily by using the pUC sub
1986). For this reason, and since centrally located repeti- clones sketched in Figure 1 and chemical cleavage se
tive epitope-encoding sequences appeared to be a com- quencing methodology (Maxam and Gilbert, 1980). All of 
mon feature of CS genes, it was likely that the strain- these genes contain a central domain composed of tan
specific CS epitope of the N, M, L. C, and B isolates would dem repeats bounded by nonrepeated sequences in a 
be encoded in the corresponding region of their CS single uninterrupterd reading frame. The nucleotide and 
genes. deduced amino acid sequences, exclusive of the epitope-

Expression and sequencing experiments confirmed encoding domains, are presented in Figure 2. The entire
this prediction. Initially the Hindlll restriction fragments M CS gene sequence proved to be identical to the N se
from the N, M, C, and L genomic clones were subcloned quence, and is therefore denoted as M/N.
into pUC expression vectors (Messing and Vieira, 1982) The protein sequences display features cha,,acteristic
and introduced into E. coli JM83 cells, which were then of CS proteins (Ozaki et al., 1983; Dame et al., 1984; Enea 
screened for expression of CS fusion proteins. Bacterial et al., 1984b; Arnot et al., 1985; McCutchan et al., 1985;
colonies containing the pUC-CS recombinants (pRep-N, Eichinger et al., 1986). These features include a putative
pRep-M, pRep-L, and pRep-C) were lysed on nitrocellu- N-terminal signal sequence and a carboxy-terminal hydro
lose filters and probed with a panel of radiolabeled phobic sequence (encoded by the first 53 nucleotides and 
monoclonal antibodies (Mabs), which included Mabs spe- the last 63 nucleotides, respectively), two regions of five
cific for the CS protein of L, C, N, and G strain sporozoites and thirteen amino acids conserved across species (nu
(Cochrane et al., 1985) and R berghei sporozoites (Yoshida cleotides 274-289 and 166'-205', respectively), charged
et al., 1900). Bacterial colonies containing the G cDNA regions which flank the repetitive domain, and two pair of 
clone p236-7, known to express a G-specific CS fusion cysioine residues in the carboxy-tOrminal region of the 
protein (Enea at al., 1984a), were included as a positive protein (nucleotides 181.' and 193', and 283' and 298).
control. The results of this experiment (Table 1)show that The translated regions of these genes range in size 

Table 1. Expression of Strain-Specific P. cynomolgi CS Fusion Proteins in a Bacterial Colony Filter Immunoassay 

Anti-CS Protein Strain Reactivity of Bacterial Colonies Transformed with: 
Monoclonal Antibody Specificitya p236 .7 b pRep-N pRep-M pRep-L pRep-C 
IG11 
13E11 
6G2 
6A4.E11 
3D11 

Gombak 
NIH 
London 
Ceylon 
P. bergheic 

+ 
-
-
-.. 
-

... 
+ 
_ 

+ 
_ 

-

_ 
+ 

_ 
_ 
+ 

aAs determined in Immunoradiometric and immunofluorescent assays (Cochrana et al., 1985).
 
bA Go:'.ibak cDNA clone.
 
c A rodent malaria species.
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Repeats 
, M/N, C, and B sequencen are aligned relative to the G sequence. The G nucleotides numbered 1-294 preceed the G rpeated domain, and 

The 
indicated by stars, and nucleotide and amino acid differences are noted. 

nucleotides numbered 1 '372' follow. Bases identical to the G sequence are 

10malntin best fit alignments. The two plypepide sequences (KLKP and VEWSPCSVTCGKG) that are conserved 
Gaps (-.) have been isertd 

across speces are underlined. 
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Table 2. Size Comparison of the P. cynomolgi CS Genes (B) 

and Their Repeated Domains (A) 


A B 

# of Nucleotides # of Nucleotides a 

Mulligan/NIH 636 1257 0.51 
Gombak 543 1203 0.45 
Ceylon 585 1191 0.49 
London 540 1134 0.48 
Berok 516 1131 0.47 
a Translated region. 

from 1131 bp (Berc!t) to 1257 bp (Mulligan/NIH) (Table 2). 
The sequence 5' of the repeats is £3%-8% conserved 
(Figure 2). This conserved region ends abruptty between 
nucleotides 289 and 295, at which point the strain.specific 
repetitive sequence of each gene begins. The repetitive 
domains constitute roughly half of each gene, ranging in 
size from 516 bp (Berok) to 636 bp (Mulligan/NIH) (Tible 
2). Strong conservation (93%-98%) resumes between 
nucleotides 37' and 67'; the junctions between the repeti-
tive domains and the conserved flanking sequences are 
not as precise as the 3' end of the repeats as they are at 
the 5' end. The sequencea from this region (1'-67), how-
ever, are homologous to the sequence of various repeat 
units, and encode amino acids that tend to predcminate 
in the repeats (e.g., Figure 4G). 

The repeat units of each central domain are presented 
in Figure 3. Each repeated domain contains either one 
(Mulligan/NIH and Gombak) or two (London, Ceylon, and 
Berok) contiguous repetitive regions. Individual repeat 
units encode peptides of various lengths and amino acid 
composition, and within each repeated region the number 
of repeat units differs (Table 3). The block-form arrange-
ment of the repeats (Figure 3) highlights the fact that the 
repeat units are highly conserved and the size of the 
repetitive domains is relatively constant. A few single 
base changes exist which tend to be clustered, and, in 
some cases, result in nonsynonymous codons. These 
repeats are composed from the same repertoire of only 
eight amino acids, from which all major CS protein repeats 
determined to date are composed. These amino acids are 
Gly, Ala, Asn, Gin, Asp, Arg, Glu, and Pro; Gly and Ala are 
the most frequently encoded amino acids in the CS gene 
repeats of R cynomolgi. 

niscusslon 

The nucleotide sequences of the CS genes of the P cyno-
molgi complex exhibit features that are characteristic of all 
known CS gene sequences, including a central domain of 
tandem repeats that encodes an immunodominant epi-
tope (Ozaki et al., 1983; Dame et al., 1984; Arnot et al., 
1985; Eichinger et al., 1986). 

The strong homology (93%-98%) observed among the 
sequences flanking the repeats (Figure 2) is in keeping 
with proposed taxonomy for the R cynomolgi complex 
(Coatney et al., 1971). These sequences are also highly 

homologous to the corresponding regions of the CS 
genes of the simian malaria R knowlesi (,-85%) and the 
human malaria P.vivax (.-,90%). This is in agreement with 
previous suggestions of a close phylogenetic relationship 
among these species (Coatney et al., 1971; McCutchan etal, 1984). In contrast, the epltope-encoding domains of 
these genes are mai edly diverse (Figure 3). For example, 

units oi lnij four amino acids (NAGG) are encoed within 
the M/N central domain, whereas units of nine (AGNNAA-
AGE) and 17 (AGNNAAAGEAGAGGAOR) amino acids 
are encoded within the C central domain. SEemingly un
related repeats have also been fourd in the CS gene of 
two strains of P.knowlesi (Sharma et al., 1985). 

These data indicate that either the CS gene is made up 
of independent genetic elements, as are, for instance, the 
immunoglobulin genes (Tonegav.- et al.. 1983), or the 
repeats diverge more rapidly than the rest of the gene. Ele
ments of homology among the sequences of the repeats 
support the hypothesis that they have in fact derived from 
c common ancestral repetitive domain. 

For example, the dodecanuclectide sequence GCA-
GGAGGAAAT is highly conserved (>'/5%) in the repeated 
sequences of all the strains (Table 4) and is also highly 
conserved in the CS repeats of R Knowlesi and R vivax. 
This sequence is not homologous to the nucleotide se
quences of the repeats of the more distantly related R ber
ghei (Eichinger et al., 1986) or R falciparum (Dame et al., 
1984) CS genes. Significant relationships also exist at the 
nucleotide level between complete repeat units. For in
stance, the nucleotide sequence of C RI is hnmologous 
at 21/27 (78%) contiguous positions with a subset of the 
G repeats (Figure 4A). Similarly, the primary repeat units 
of L R1 and L R2 are subsets of the major repeat units of 
B R1 and B R2, respectively (Figure 48). The homology 
at the junctior, of these two regions is even greater (Figure 
4C). Such relationships also exist between certain R cyno
r'olgi repeat units and the CS repeat units of P. vivax and 
P knowlesi (Figures 4E, 4F, and 4G). Furthermore, the 
R vivax and R cynomolgi B repeats encode a common 
tetrapeptide (Figure 4D; underline" sequences), which 
may account for the immunological cross-reactivity ob
served between the CS proteins of these two parasites 
(Cochrane et al., 1986). 

These findings, and the fact that the flanking sequences 
of the R cynornolgi, R knowlesi, and R vivax CS genes are 
highly conserved, lend support to the notion that the en
tire sequences of the CS genes of these species have de
rived from a common ancestor, and in each species 
the rapeats diverge more rapidly than the nonrepeated 
sequences.
 

The simplest explanation of how the CS repeats can 
evolve rapidly yet avoid degeneration is that their main
tenance occurs at the DNA level. Indeed some features of 
these sequence are best explained in this manner. For in
stance, both the C R1 and the G repeats encode two Ala 
residues in the fifth and sixth positions. However, the 
nucleotide sequence of C R1 is invariably encoded by 
GCAGCT and that of G is GCTGCA. Moreover, in some 
cases in which the sequences are not pefectly repeated 
the nucleotide sequence is better conserved than the 
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Figure 3. The Repetitive Domains of the M/N, L, C, G, and B P. cynomolgl CS Genes 
The repeated units of eac i strain are aligned to show maximum homology and internal conservation. Thu deduced amino acid sequence of the
first (MNfirst two) repeat unit of each repeated region is shown. Star den ,ieIdentity of amino cldr in subsequent repeat units. Nucleotides anc 
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are present, they are indicated by RI and R2. 
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LONDON R2 ....GOCA CAA GCA G0A OCA GGA/GA AAT CAG CCA GCT OA.....
 

C Q A G A O G N Q A GO
 

E Q P A A G A G C
P. knoulest (Nuri) 

.

GAA CAA CCA GC OCA GA GCA GCA GGC


i l
FI I11ilillIll I 11 70% 
BEROK R2 AAT AGO GCA GGT GGA CA[, CCA GCA OCA GGA GOA AAT CAG OCA GCA GGA 

N R A G G Q P A A G G N Q A G G 

CEYLON RISR2 N A A A G E 

... AAT CCA OCT CCT OGA CAA...III II
IIIIIIIII ,
 
G C"t4AX MAT 0CC COT OCT GCA GATCAACMA CCA CCA CA ACCA AMJT

i I l i l 95% 
.CMACCA CA CA GA CA MT...
 

BEROK R2 Q P A A 0 G N
 

Figure 4. Examptes of Nucleotide Sequence Homology between Various CS Gene Repeated Regions 

The nuuleotide sequences of each comparison (A-G) are aligned. The R1 and R2 notations correspond to repeated regions 1 and 2 of FiGure 3. 
Identical nucleotides are connected by solid bars. Deduced amino acid sequences are noted. Tl'e percent identity between aligned sequences Is 
ind!cated. Dots (.. .) indicate that full-length repeat units are not aligned. Slashes (0 indicate the junction 31 contiguous repeat units. (A) C Ri is 
also a direct subset of C R2. (F) The tetrapptide sequences 0hat are expressed by the R vivax und Berok repeats are underlined. (G) The Gombak 
sequence refers to tha corresponding sequence from Figure 2 numbered '-42'. 
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Table 3. Comparison of P. cynomolgi Repeated Domains 

# of Repeated Size of a 
Strains Regions Repeat Unita 

MulliganINIH 1 4 
Gombak 1 11b 
Ceylon 2 9; 17 

London 2 6; 11 

Be.-ok 2 9; 1 6 b 


2 In amino acids.
 
b Figure indicated refers to comp!ete units.
 
c Figure indicated includes pa~tial units.
 

Table 4. Sequence Homology among P. cynomolgi 

CS Repeat Units 


Consensus Sequence % Homo!ogy Poly-

to Consensu . peptide 


Strain GCA GGA GGA AAT Sequence Encoded 

MulliganINIH GCA GGA GGA AAC0 92% AGGN 

Gombak GGA GGA GGA AA 92% GGGN
 
Ceylon (Ri)8 GAA GA GGA AAT 83% EAGN 

Ceylon (R2) CGA CA GGA AAT 75% RAGN 

Berok (Ri) CCA GCA GGA GAT 75% PAGD 

Beiok (R2)b GCA GGA GGA AAT 100% AGGN 

London (R2) GCA GGA GGA AAT 100% AGGN 


a RI and R2 indicate repeat regions 1 and 2 (Figure 3). 

b The consensus soquence appears in two locations in this repeat 

region. 

c Residues differing from the consensus sequence are underlined, 


3mino acid sequence. For example, L R1 consists of two 
variant repeats that are identical at 17118 positions (94%~) 
at the nucleotide level and at 5/6 positions (830b) at the 
amino acid level. Furthermore, variants generally are 
found in ider.'ical positions in more than one repeat unit. 
This distribution is consistent with the hypothesis that a 
mechanism maintains the repeats by eliminating or spread-
ing mutations; thus the repeats either remain conserved 
or evolve in large quantum jumps (Enea et al., 1986). 

Formally, this is reminiscent of other tandem repeats, 
such as satellite sequences, whose maintenance and evo-

lution can be explained by several elegant models (see 
Singer, 1982). However, to our knowledge this is the first 
clear indication of maintenance at the DNA level of se-
quences that code for proteins. For such genes, the nor-
mal interplay between a mutation and its phenotypic eifects is, in one respect, reversed. Inthe normal process, 

conservation of a protein sequence is the result of elimi-
nating mutants, whereas for these genes maintenance of 
the repeats is the result of eliminating mutations, regard-
less of the resulting phenotype. However, this process is 
also responsible for the spreading of mutations; i.e., for 
the formation of new sets of repeats. These new struc-
tures, of course, aresubjected to "normal" phenotypic se-
lection. Thus, ultimately, repetitive structures are main-
tained that had been selected phenotypically. Given the 
ubiquity of repeats in plasmodial antigens, the processthat maintains them can be viewed as a genetic device for 

generating well repeated new structures for selection to 
act upon. 

# of Repeats Size of the 
per Region Repeated DomainO 

53 212 
c17 181 

16; 3 195 
19; 6 180 
11; 6c 172 

Experimental Procedures 

Parasites 

The icolatos of P.cynomolgi were obtained from geographically Iso
lated regions of Malaysia and Ceylon (Coatney et al., 1971). Blood 
stage parasites used in this study have been maintained at the Na
tional Institutes of Health in Bethesda, MD. 

Preparation of Berok GenomIc DNA Clone 
One microgram atiquots of blood stage genomic DNA (prepared as de
scribed inOzaki et al., 1983) were digested with infrequent cutting en
zymes, electrophoresed on a vertical 1%(wtv) agarose gel, visualized 
with ethidium bromide, and transferred to nitrocellulose (Southern, 
1975). Filters were probed with 3 x 105 cpm/ml of nick-translated
p236-7 (specific activity "-1.2 x 108 cpm/pg), a previously character
ized Gombak cDNA clone (Enea et al., 1984a), arid nick-translated 
p291-1 (specific activity -'1 x 108 cpm/plg), a Gombak pU'C subclone 
containing the CS gene and "3 kb of 5'-flanking sequences (Enea et 
al., 1C86). These probes hybridized to EcoRl-digested fragments of 
"'19 kb. All prehybridizations were carried out for 3 hr at 50C in 6x 
SSC (I x = 0.15 M NaCI; 0.015 Na Citrate), 50 mM sodium phosphate,
5x Denhardt's solution, and 100 pig/ml sheared, single-trandedsalmon sperm DNA. Hybridizations were done in the same solution iri 
the absence of salmon sperm DNA for 15 hr at 62C. Filters were 

washed for 3 hr in 0.2x SSC; 0.1% SDS at 50C. 

EcoRI fragments of ",19 kb were isolated by selective polyethylene 
glycol (Carbowax 8000) precipitation (Eiia, 1986), and were cloned 
into the lambda vector EMBL4 (Frischauf et al., 1983) which had been
digested with EcoRI and BamHl. Vector and insert mixtures were 
ligated using T4 ligase for 12 hr at 120C in standard ligation buffer 

(Mania'is et al., 1982) and packaged using phage extracts supplied by 
Packagene (Pmmega). The resulting library was screened with radio
labeled p236-7 and p291-1. After three cycles of plaque purification, recombinant phages and their DNA ware prepared essentially as out
lined inKern et al., 1981. 

The physical map of the Berok genomic clone (B1) was determined 
as previously reported for the comparable genomic clones of the G, 
N, M, L, and C strains of R cynomolgi (Enea et al., 1986). 

Preparation of Subclonea 
Subclones were constructed in pU0 and M13 vectors by standard
methods (Messing and Vieira, 1982; Yanisch-Perron et al., 1985). 

Immunodetection of Bacterial Colonies (Heitmen et al., 
1983 and Enea et al., 1984a) 
E. coliJM83cellscontainingrecombinantpUCsubr;lonesweregrown 

on nitrocellulose filters overlaying agar. The plates were then inverted 
over 0.2 ml of chloroform for 10-15 min. The colony-containing filters 
were then rocked in lysis buffer, (50 mM Tris-HCI [pH 7.5]), 3% BSA, 

0.15 M NaCI, 5 mM MgCI 2 and 0.1 mM phenyl methyl sulfonyl fluoride, 

plus 40 pg/ml lysozyme and 1 pg/ml DNAase for 3 hr inipetri dishes. 

The filters were rinsed in lx saline (0.15 M NaCI, 50 mM Tris-HCI [pH
7.5)/0.1% NP40 for 30 min and then incubated for 4 hr with 1251-labeled Mab (1 x 108 cpm/ml) in lysis buffer solution. They were then 
washed for 2 hr in lx saline/0.1% NP40, dried, and exposed overnight 

on XAR Kodak film at -700C with an intensifying screen. 
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Sequence Determlnation 
Nucleotide sequences were detei mined using both chemiceI cleavage 
(Maxam and Gilbert, 1980) and dideoxy termination (Sanger et al., 
1977) methods. The repeat-containing Hindllt inserts of the N,M, L, 
and C subc'ones were sequenced using the Maxam-Giibert method. 
The equivalent (Hindlll-Bglll) rejion of the GCS genewas completely 
sequenced using both methods. This region of the 8 strain CS gene 
was sequenced using the Sanger method and, in part, confirmed 
using Maxam-Gilbert procedures. The flanking sequences of each of 
these regions were obtained primarily by utilizing pUC subclones con-
taing aconserved Hindlil fragment of about 2.7kb nd a conserved 
EcoRl-Kpn fragment of about 6.2 kb (Figure 1). 

To assess the stability of our repeat-containing subclones, each 
repetitive domain was sequenced l ieust three limes using either al-
ternativ3 subclones or independently isola ted DNA preparations. In 
addition, a clone designated London 400 was constructed and se-
quenced to confirm the London repetitive sequence. This clone con-
sists only of the 5' repcted region of the London rereats. The se-
quence of the G repeats has elso been partially determined from two 
independent genomic clones (Enea and Galinski, unpublished data) 
and from a G cDNA clone (Enoa et al., 1984a). All of the sequercir,g 
data was consistent indicating that major alterations of the repeated 
domains had not occurred in the cloning process. 
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