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including the coding region, was amplified on the cloned genomic
DNA using Taq polymerase and a set of primers (sense 5*-ATT-A previous paper presented data on a cDNA se-
TTTGAATTcTTGATAAAAG 1066-1087 b.p., antisense 5*-CCA-quence encoding a protein associated with the AIDS
GAATTAATGgAATTCCTG 1568-1548 b.p.). Each primer con-related pathogen, Cryptosporidium parvum. However,
tained one substitution (lowercase letter) to create an EcoRI sitethe position of the start codon was uncertain, and the
(underlined). The amplified products were digested with EcoRI

5* end was continuous, lending doubt about the size endonuclease and cloned into an EcoRI site of the bacterial expres-
and complete sequence of the final protein product. sion vector pET-28(a/) (Novagen). The proper orientation of the
Herein we present the complete gene sequence and cloned fragment was verified by restriction analysis and by se-

quencing. The cloned gene was expressed in E. coli strainconclude the predicted size of the putative protein to
BL21(DE3) (Novagen) by induction with isopropyl-1-thio-b-D-ga-be 16.2 kDa. q 1997 Academic Press
lactopyranoside. Expressed protein was subjected to 12% SDS-
PAGE and transferred to a nitrocellulose filter. Rat polyclonal
antiserum to C. parvum was incubated with the filter, and mono-
specific antibodies were eluted from the filter as described [3].

A previous paper [1] presented data on the cloning,
sequencing and expression of a cDNA fragment that

RESULTS AND DISCUSSIONencoded a polypeptide with an epitope shared by both
15- and 60 kDa sporozoite proteins of the Auburn iso-

Sequences of both cloned fragments were identicallate of Cryptosporidium parvum. This cDNA had a con-
except that they were in opposite orientations in thetinuous open reading frame at the 5*-end, and the posi-
vector.3 Comparison of the sequences of genomic DNAtion of the start codon was uncertain. Therefore, the
(Fig. 1) and cDNA [1] (corrected sequence cDNA, Gen-size and complete sequence of the protein product were
Bank accession number L08612) revealed identity be-uncertain. In addition, both Northern and Western
tween sequences except for the following differences:blots failed to ascertain whether this cDNA fragment
A) The genomic DNA did not have 18 adenosines, whichencoded a protein of 15 kDa or 60 kDa. The complete
are present on the 3 *-end of the cDNA and probablygene sequence and size of the final protein product are
represent the result of processing of C. parvum mRNA;presented here.
B) Upstream from the poly(A) tail in the cDNA and
corresponding genomic sequence are two putativeMATERIALS AND METHODS
poly(A) addition sites (AATAAA [4], coordinates 1592-
1597 and 1635-1640 b.p.); and C) At the 5*-end of theTwo independent E. coli clones, each containing a plasmid with a
cDNA are seven nucleotides, which are absent in the2091 base pair (b.p.) insert, were isolated from a C. parvum (KSU-

1 isolate) EcoRI genomic library in pBluescript II SK(/) (Stratagene) genomic sequence. This last difference may be the re-
[2]. The clones were detected by hybridization with a 32P-end labeled sult of several possibilities. Two different isolates of C.
21-mer oligodeoxynucleotide (5*-CATGCGTAACTTGAAATCCTG) parvum are being compared, and strain differencescorresponding to a portion of the coding region of the cDNA (coordi-

may be present. Alternatively, some unknown kind ofnates 30-50 b.p.) [1].
The cloned gene was expressed in E. coli. A fragment of DNA, modification may exist in the mRNA. Additional nucle-

otides may have been synthetically added during in
vitro synthesis of the cDNA from mRNA, similar to
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FIG. 1. Nucleotide sequence of a 15 kDa protein gene of C. parvum and deduced amino acid sequence. Position in the nucleotide and
amino acid sequences are indicated in the right margin of the corresponding lines. Putative TATA-, CAAT-boxes, and poly(A) signal are
underlined. Symbols: *** Å the first stop codons upstream and downstream in the same reading frame from coding sequence; r Å start
and R Å end of cDNA sequence [1], respectively. The major differences between genomic and cDNA sequence are shown above the genomic
sequence: A18 Å eighteen adenosines; f Å polyA site. The insert between nucleotide sequences represents a local alignment of sequences
around the start codon in the gene presented in this paper with sequences of the C. parvum genes: a Å oocyst wall protein [8]; b Å actin
[7]; c Å acetyl-CoA synthetase [11]; d Å hsp 70 [2]; e Å elongation factor-2 [10].

that observed during cloning of the cDNA of rod photo- other purine, usually G, in position /4); C) comparison
of the sequences around start codons of the DNA encod-receptor cGMP phosphodiesterase subunits from bo-

vine retina [5]. ing other C. parvum proteins, available from GenBank
data bases (actin #M69014 [8], oocyst wall proteinAnalysis of the cloned genomic fragment of DNA (Fig.
#Z22537 [9], heat shock 70 #U11761 [2], elongation1) revealed an open reading frame 480 b.p. long (coordi-
factor-2 #U21667 [10], and acetyl-CoA synthetase genenates 1063-1542 b.p.). It appears that the start codon
#U24082 [11]), reveal homology in this region; and D)is at position 1099-1101 b.p. as: A) This is the first AUG
Upstream from the predicted first AUG are several pu-codon in the open reading frame downstream from the
tative regulatory elements (TATA- and CAAT-boxes),terminator codon UAA (position 1060-1062 b.p.), which
which are present in eukaryotic genes in the 5*-noncod-is in accordance with the scanning mechanism for initi-
ing region [12,13]. We concluded that the start codonation of translation in eukaryotes [6]; B) This AUG
was located at position 1099-1101 b.p., and the re-codon is found in a consensus sequence proposed for

sequences around start codons in other eukaryotic sulting open reading frame encoded a putative protein
of 148 amino acids with a predicted size of 16.2 kDa.mRNAs [7] (purine, usually A, in position 03 and an-
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nomic DNA allowed for the isolation of monospecific
antibodies. When C. parvum proteins were analyzed
by Western blot with these antibodies, a 15 kDa protein
was recognized. Based on the analysis of the sequence
and from Western blot analysis we concluded that this
genomic DNA contained the entire gene encoding the
15 kDa C. parvum protein of Jenkins et al. [1].
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