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The ABA-1 allergen of parasitic nematodes 
of the genus Ascaris is the most abundant 
protein in the pseudocoelomic fluid of the 
adult parasites and is also released by the 
tissue-penetrating larval stages of the parasite 
during culture in vitro [1,2]. Infected humans 
are known to respond heterogeneously to the 
allergen [3], and the antibody responses of 
experimentally infected rodents, both IgG and 
IgE, are under the control of the class II region 
of the major histocompatibility complex [4]. 
Therefore, IgE-mediated hypersensitivity re- 
sponses to ABA-1 may contribute to the 
pathology of ascariasis in those individuals 
bearing the appropriate immune responder 
genes, particularly during the pulmonary 
migration phase. 

ABA-1 homologues are known to occur in a 
wide spectrum of parasitic nematodes, al- 
though allergenicity has only been established 
for ABA-1. Immunologically cross-reactive 
components have been found in other ascar- 
idids infective to humans [5,6] and recent 
cDNA clones encoding polypeptides whose 
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only known similarity is with ABA-1 have been 
described in filarial parasites (refs. 7,8; and 
M.E. Selkirk, personal communication). It is 
important, therefore, to understand the phy- 
siological role of such an abundant and 
widespread component of parasitic nematodes 
and any distinctive features that lend it to 
allergenicity and thereby pathogenicity. 

With this in mind, a cDNA expression 
library was constructed in 2Zap II (Strata- 
gene) using mRNA prepared from A. suum 
infective larvae hatched and cultured for 24 h 
[1], and screened with polyclonal rabbit 
antiserum to gel-excised ABA-1 protein [2]. 
This led to the isolation of a clone (pHS10) 
with an insert of 1255 bp containing part of a 
gene, here designated as aba-1. To enable 
sequencing of the entire insert, exonuclease 
III (Promega) deletions were constructed (Fig. 
1A) and the inserts sequenced by Sanger's 
dideoxy method [9] using Sequenase 2.0 and 
TAQuenase 2.0 (United States Biochemical). 
The assembled sequence (Fig. 1 B) suggests that 
there is an open reading frame of 1185 bp 
followed by a 3' untranslated region. An 
unusual feature of the insert is that it 
comprises one truncated and two complete 
repeat sequences of 399 bp; the complete 
repeats beginning at positions 286 and 685 of 
the cDNA. The 5' incomplete repeat would 
appear to start at position 120 with respect to a 
complete repeat. The repeats are identical 
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A 

B 

-"- carboxy terminal 

I st repeat 2nd repeat 3rd repeat region UTR 

I 1 1 1 L J  

'V 

GCGAA~TTCTTCA~ACTATGATG~CTCG~GGAGATGCTA~GAGGC~CTGAGCACTTG~GGCGGATGCCGAG~TTCTT 90 

A K I L H Y  D E L E G D  K K E A T E H L K G G C R E I L  

~GCATGTTGTTGG~GAG~GGCAGCAGA~TG~G~CCTC~GACTCGGGAGC~GC~G~G~CTC~GCC~GTCG~IS0 

K H V V G E  K A A E L K  L K D S G A S K E E L K A K V E  

v v 
GAGGCGCTTCATGCAGTGACCGACGA~AG~G~GC~TATATCGCCGATTTCG~CCAGCATGC~GAAAATCTATGGTGTACATACT 270 
E A L H A V T D E E K K Q  I A D F G P A C K K I Y G V H T  

TCGCGACG~GGAG~ATCATTTCACCCTTG~GTAGTCTAGATACCCATCTG~TGGCTCAGTC~G~CAG~GATGAATTGTTA 360 

S R R R R ~ H H F T L E S S L D T  L K W L S Q E Q K D E L L  

A/{AATG~G~GATGG~GGC~G~G~CTCG~GCGAA~TTC~CATTACTATGATG~CTCG~GGAGATGCTAA~GAG 450 
K M K K D G  A K K E L E  K I L H Y Y D E L E G D A K K E  

V 
GC~CTGA~ACTTG~GGCGGATGCCGAG~TTCTT~GCATGTTGTTGGGG~GAG~GGCAGCAGAGCTG~G~CCTC~GAC 540 
A T E  L K G G C R E I L  H V V G E E K A A E L K  L K D  

TC~GAGC~GCA~G~G~CTC~GCC~GTCG~GAGGC~TTCATGCAGTGACCGACGAGGAG~G~GC~TACATCGCCGAT 630 

S G A  KE L K A K V E  A L H A V T D E E K K Q  I A D  

TTTGGACCAGCATGC~GAAAATCTATGGTGTACATACTTCGCGACG~GGAGGCAT~ATTTCACCCTTG~AGTAGTCTAGATACCCAT 720 
F G P A C K K I Y G V H T  R R R R ~ H H F T L E S S L D T H  

CTG~TGGCTCAGTC~G~CAG~GATG~TTGTTAA~TG~G~GATGG~GGC~G~G~CTCG~GCGA~TTCTT 810 

L K W  S Q E Q K D E L L  M K K D G K A K K E L E A K I L  

CA~ACTATGATG~CTCG~GGAGATGCTA~GA~C~CTGAGCACTTG~GGCGGATGCCGCG~TTCTT~GCATGTTGTT 900 

H Y Y  EL G D A K K E  T E H L K G G C R E I L K H V V  

GGGG~GAG~GGCAGCAGAGCTG~G~CCTC~GACTCGGGAGC~GC~G~G~CTC~GCC~GTCG~GAGGCGC~CAT 990 

G E E  AA L K N L K D  G A S K E E L K A K V E  A L H  

GCAGTGACCGACGAGGAG~GAAGC~TACATCGCCGA~TTGGACCAGCATGC~GA~%AATCTATGGTGTA~ATACTTCGCGACG~GG 1080 

A V T  EE K Q Y I A D  G P A C K K I Y G V H T  R R R  

A~TATCACGCTGAGGATGG~CGGATGACATTGACGGGCTAGCGC~GTCGGCAGCGACGATCCGGCTTTTTCGAG~GCTCATCGAT i170 
R Y H A E D G T D D I D G L A 0  R O R R S G  F E K L I D  

GTGTTTGCATTTTTTTGAgtgaaatt•ccatgttacgcgaatcgttatgtcatatcaacagatgataataaataatcacaaccac 1255 

V F A F F *  

Fig. 1. (A) Diagram of the p H i l 0  insert encoding part of the aba-1 gene with arrows indicating the regions sequenced from 
exonuclease III deletions, or directly ~ o m  the original plasmid. (B) D N A  sequence of  the entire pHS10 insert and predicted 
amino acid sequence of the ABA-1 protein. The junction between repeat units is indicated by the arrows. The carboxy 
t e ~ i n a l  region is underlined and the stop codon is indicated by an asterisk. Lower case letters indicate the putative 3' 
untranslated region and a putative polyadenylation signal is underlined. Inverted open triangles indicate base di~rences  

between the first and second repeats and the most 3' repeat. 

apart from 3 conservative base pair differences 
between the first (positions 81, 222 and 234) 
and last repeat and one between the second 
(position 480) and the last. However, positions 
81 and 480 are identical between repeats 1 and 
2. Following the repeats there is a further 102 

bp of open reading frame which bear no 
resemblance to the foregoing sequence, before 
the putative stop codon. Although the poly- 
adenylation signal A A U A A A  found in verte- 
brates [10] and nematodes [11] is not present in 
the 3' untranslated region of  the gene, there is 



the sequence AGUAAA at position 1248-1253 
(underlined in Fig. 1B) which has been shown 
to act as a polyadenyalation signal in verte- 
brates [10]. 

The predicted amino acid sequence from the 
beginning of each putative repeat matches 
perfectly with our previously reported N- 
terminal amino acid sequence obtained by 
direct sequencing of native ABA-1 to 41 
residues [12]. The only sequence similar to 
this and the amino acid sequence predicted 
from a complete repeat within the cDNA 
found in the GenEMBL or SwissProt data- 
bases [13] (releases 67.0 and 22, respectively) 
was a cDNA clone encoding a 15-kDa antigen 
of Dirofilaria immitis [7,8]. A similar cDNA 
has also been cloned from Brugia malayi (M.E. 
Selkirk, personal communication)• These two 
organisms are filarial nematode parasites 
distantly related to Ascaris. The cDNA from 
D. immitis also comprises tandem repeats and 
contains, like the Ascaris gene, slight differ- 
ences between repeats• An alignment of the 
putative amino acid sequence of ABA-1 with 
one of the D. immitis repeats (Di22-16) is 
shown in Fig. 2A. 

The last 4 amino acids (RRRR) of each 
repeat in the Ascaris gene match a consensus 
cleavage site of endoproteinases of the sub- 
tilisin family, a common motif for which is 
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K/R.X.K/R.R [14]. It is conceivable, therefore, 
that ABA-1 is produced as a large polyprotein 
which is subsequently cleaved to single units• 
Such a process has been inferred for the post- 
translational processing of the D. immitis 15- 
kDa antigen from biosynthetic labelling ex- 
periments on intact parasites [8]. We have 
previously found [3] that radio-iodinated 
somatic material from Ascaris immunoprecipi- 
tated with a polyclonal antibody to ABA-1 
produces a ladder of bands similar to that 
found for the D. immitis antigen. This ladder 
extended to 6 units of ABA-1, and our recent 
unpublished work on probing Western blots of 
somatic material with the same antibod> 
showed that the ladder ascends to a compo- 
nent of high molecular weight, as has been 
observed for D. immitis. It is likely, therefore, 
that the whole aba-1 gene is of a similar large 
size to that of the latter parasite• 

The slight differences between the DNA 
sequence of the repeats in the Ascaris gene do 
not result in changes in the amino acid 
sequence of the predicted translation product 
from each repeat unit. We have, however, 
preliminary sequence data on other cDNAs, 
encoding ABA-1, which have differences in 
base sequence which do alter the predicted 
amino acid sequence• These cDNAs appear to 
have primed in A-rich areas within the coding 

A 

ABAI HHFTLESSLDTrmKWLSQEQKOELLr, rmK~r,m~KELE~ILHYYOELE~ 50 
:111 :1 I I I : : : l l l l :  III  :11:1 : : :  II F : : : I : I  

Di22-16 NDHNLESYFQTYLSWLTDAQKDEIKKMKEEGKSKMDIQKKIFDYFESLTG 50 

DAKKEATEHLKGGCREILKHVVGEEKAAELKNLKDSGASKEELKAKVEEA i00 
I II I:1 I :11 I : : 1 :11  I1 : :11111 :  I : : :  I I1 :  
DKKKKAAEELQQGCLMALSEIIGNEKMLMLKEIKDSGADPEQIRMKVEDM i00 

LHAVTDEEKKQYIADFGPACKKIYGVHTSRRRR 133 
I: I I III  J : : : : l  I :111:  : :11 :1  
LKLVVDKEKKKRIDEYAPVCRKIYAAMNERRKR 133 

20 30 40 50 60 
LKWLSQEQKDELLKMKKDGKAKKELEAKILHYYDELEGDAKKEATEHLKGGCREIL 68 
: :::l :ll :l :M :i II li: ::::::11: : ::i: l 

KHVVGEEKAAELKNLKDSGASKEELKAKVEEALHAVTDEEKKQYIADFG PACKKIY 124 
70 80 90 i00 Ii0 120 

Fig. 2. (A) Alignment of the amino acid sequences predicted from a repeat unit in the aba-I gene with that of the Di22-16 
repeat from D. immitis. Positions with identical amino acids are indicated (I) and those with conservative substitutions as 
defined by Dayhoff  [16] are indicated (:). The amino acid sequences are 45.1%0 identical and 72.9% similar when conservative 
changes are allowed. (B) Possible internal duplication within the ABA-1 protein. An alignment from positions 13~8 and 69- 

124 of the ABA-1 protein giving 25% identity and 60.7% similarity between the sequences of the two putative domains. 
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region of the mRNA rather than the poly(A) 
tail, and could either represent copies in the 
array which are 5' to those present in pHS10, 
or encoded by another locus. 

A single repeat unit within aba-1 predicts a 
protein of 15257 Da, which is larger than 
previous estimates of the size of the native 
molecule [15]. We have consistently found the 
latter to be of Mr 14400 in gradient SDS- 
PAGE [1,2] and have unpublished mass 
spectrometry data indicating that ABA-1 is 
heterogeneous, but with a major component of 
14643.2 _+ 1.4 Da. This would be approxi- 
mately the mass of a unit if the terminal 
arginines were trimmed after cleavage of the 
ABA-1 units during post-translational proces- 
sing. 

We have no information on the secondary 
or tertiary structure of ABA-1, but there 
appears from the primary sequence to be an 
indication of the existence of 2 domains. 
Alignment of the amino acid sequences from 
positions 13-68 with 69-124 in any repeat (Fig. 
2B) shows 25% identity and 60.7% similarity 
when conservative changes are allowed. Of 
particular interest are the conserved cysteine, 
glycine and lysine residues at positions 28, 31, 
40, 54, and 64 since these are also conserved in 
a similar alignment in the Di22-16 protein of 
D. immitis (not shown), suggesting that these 
residues may play an important structural or 
functional role in the ABA-1 protein. It is 
possible, therefore, that the ancestral aba-1 
gene was formed from a duplication event, the 
duplicated domains having since diverged 
whilst maintaining similarity at crucial resi- 
dues. 

The putative 34 amino acid carboxy-term- 
inal region, only present in the last repeat, has 
two features worthy of note. Firstly, the 
terminal 12 amino acids would form a 
substantially more hydrophobic region than 
is found anywhere else in the protein. Second- 
ly, there is a second consensus endoproteinase 
site (RQRR) at positions 17-20 of the terminal 
region, cleavage at which would remove the 
most hydrophobic region. The function of this 
region, if any, remains unknown. It is con- 
ceivable, however, that it is involved in the 

intracellular processing of the polyprotein. It is 
unlikely to be a membrane anchor because the 
hydrophobic region is shorter than is conven- 
tional for such anchors, it has no terminus 
comprising charged residues to act as a 
cytoplasmic holdfast, and charged residues 
appear within the hydrophobic region itself. 
Finally, while it has some superficial resem- 
blances to signals for GPI linkages, it would be 
unusual in its content of positively charged 
residues [17]. The terminal region of the cDNA 
encoding ABA-1 has no equivalent in any 
nematode cDNA yet described, and may have 
important implication for our understanding 
of the post-translational processing of the 
products of this unusual type of gene. 
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