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Abstract

We have sequenced the chicken interleukin-1b-converting enzyme (ICE ) and ced-3 homolog (Ich-1) cDNA, and evaluated Ich-
1 mRNA expression in the hen ovary during follicle development. While two alternatively spliced forms of Ich-1, Ich-1L and
Ich-1S, were amplified by PCR from an embryonic chicken cDNA library, only the Ich-1L form was found to be expressed in
adult ovarian granulosa and theca tissues. The deduced amino acid (aa) sequence of ICH-1L is 70.8% identical to human
ICH-1L and contains the conserved QACRG peptide active catalytic sequence characteristic of many ICE-related family of cysteine
proteases. © 1997 Elsevier Science B.V.
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1. Introduction 1995), Mch2 (caspase-6; Fernandes-Alnemri et al.,
1995a), Mch3 (caspase-7; Fernandes-Alnemri et al.,
1995b), Mch4, Mch5 (caspase-10 and caspase-8, respec-Interleukin-1b-converting enzyme (ICE ) represents a
tively; Fernandes-Alnemri et al., 1996) and Mch6cysteine protease that cleaves pro-interleukin-1b
(caspase-9; Srinivasula et al., 1996).following an aspartic acid residue to generate active

Several lines of evidence indicate that caspases arecytokine (Wilson et al., 1994). The active protease
directly involved in mediating apoptosis via the cleavageconsists of two subunits (p20 and p10) which are derived
of one or more intracellular proteins (Kumar, 1995).from the precursor protein following auto- or heteroca-
For instance, the nt sequences within this family oftalysis (Kumar, 1995). Subsequent studies in the human
proteases are homologous to ced-3, an invertebrate genehave demonstrated the existence of a family of homolo-
whose product is required for apoptosis during develop-gous proteases, and it has recently been proposed that
ment in Caenorhabditis elegans (Yuan et al., 1993).ICE/CED-3 proteases now be referred to as caspases
Moreover, over-expression of ICE protease in a fibro-(Alnemri et al., 1996) to signify their distinctive catalytic
blast cell line induces apoptosis, and this activity can befeatures. In addition to ICE itself (caspase-1), this family
blocked by co-expression of Bcl-2, an inhibitor of apop-of related proteases currently includes Ich-1 (caspase-2;
totic cell death, and CrmA, a cowpox virus protein thatWang et al., 1994), CPP32 (caspase-3; Fernandes-
is a selective inhibitor of ICE protease activity (Miura

Alnemri et al., 1994), Ich-2 (caspase-4; Kamens et al.,
et al., 1993).

Two forms of the human Ich-1 have been charac-
terized: Ich-1L, whose over-expression induces apoptotic* Corresponding author. Tel. +1 219 6319450; fax: +1 219 6317413;
cell death, and an alternatively-spliced Ich-1S whiche-mail: johnson.128@nd.edu
suppresses cell death (Wang et al., 1994). A major

Abbreviations: aa, amino acid(s); bp, base pair(s); cDNA, complemen- di�erence between these two transcripts occurs in the
tary DNA; cRNA, complementary RNA; ICE, interleukin-1b-convert- form of a 61-bp insert which results in the termination
ing enzyme; Ich-1, interleukin-1b-converting enzyme and ced-3 of translation 21 aa downstream from the insertion site.
homolog; Ich-1L , Ich-1 long; Ich-1S, Ich-1 short; kb, kilobase(s) or

As is the case for several other members of this family,1000 bp; nt, nucleotide(s); ORF, open reading frame; PCR, polymerase
the physiological substrate(s) for the ICH-1L proteasechain reaction; RACE, rapid amplification of cDNA end(s); RNase

analysis, ribonuclease protection analysis. has yet to be identified.
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Fig. 1. Nucleotide and deduced aa sequences of avian Ich-1L. Putative ATG start codon and TAA stop codon begin at bp 1 and 1273, respectively.
The QACRG active catalytic site, conserved within many caspases described to date, is single underlined. *** indicates an in-frame stop codon.
The putative Ich-1S 62 bp insert was found immediately after the G residue (double underline). GenBank accession number for this nt sequence is
U64963. Methods: Chicken Ich-1L and Ich-1S cDNA PCR products were amplified from an embryonic chicken cDNA library (Clontech) as
previously described (Wang et al., 1994). RACE was conducted in the 5∞ and 3∞ directions as described by the manufacturer (Clontech Laboratories,
Inc., Palo Alto, CA). Poly A+-enriched RNA from granulosa tissue of the second largest (F2) preovulatory plus prehierarchal (6- to 8-mm)
follicles was isolated using the Micro-Fast Track Kit (Invitrogen, San Diego, CA). Double stranded cDNA was synthesized, and Marathon
cDNA Amplification adaptors (Clontech) were ligated. Nested gene-specific primers for the 5∞ direction (GSP1, 5∞-AACCCCACCCTCTAC-
ACCGTGG-3∞ [bp 762–741]; and GSP2, 5∞-GAAGCACAGTCCACATCTCCACCTG-3∞ [bp 596–572]) and 3∞ direction (GSP3, 5∞-
TGTGAGGAGAGTGATGCAAACAAGG-3∞ [bp 940–964]; and GSP4, 5∞-CCACTGTGTTTGCAGAGGACTCCC-3∞ [bp 1085–1108]) were
designed from sequence obtained from the chicken Ich-1L PCR product. An initial amplification of the 5∞-region by PCR was performed using
GSP1 and Adaptor Primer 1 (Clontech) under the following conditions: 1 min, 94°C; 0.5 min, 94°C and 4 min, 72°C for five cycles; 0.5 min, 94°C
and 4 min, 70°C for five cycles; 0.5 min, 94°C and 4 min 68°C for 25 cycles. A second amplification was conducted with the GSP2 and Adaptor
Primer 2 as internal primers and amplification conditions as described above. PCR products were gel-purified and ligated into the PCRII vector
(TA Cloning Kit, Invitrogen), then further amplified and purified from plasmid preparations. Amplified and cloned chicken Ich-1 sequence from
three to four di�erent PCR products was determined by nucleic acid sequencing using the dideoxy chain termination method (Sanger et al., 1977)
using the Sequenase version 2.0 system (United States Biochemical, Cleveland, OH). Initial and secondary amplifications of the 3∞-region were
conducted using GSP3 and Adaptor Primer 1 and GSP4 and Adaptor Primer 2, respectively using similar amplification conditions described above,
with the exception that during the final 25 cycles annealing was at 65°C for 0.5 min. PCR products (each approximately 1.5 kb in length) were
gel-purified and ligated into the PCRII vector, amplified and purified from plasmid preparations. Sequence data for Ich-1L were assembled from
replicate products over the entire coding region and analyzed using the MacVector and AssemblyLIGN programs (version 4.5.3; IBI, New
Haven, CT).
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Fig. 1. (continued)

It has previously been determined that ovarian follicle primarily, if not exclusively, within the granulosa cell
layer (e.g., Tilly et al., 1991; Johnson et al., 1996). Givenatresia in mammals and the chicken is mediated via

apoptosis, and that such apoptotic cell death occurs the potential for Ich-1 to play a regulatory role in the
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process of ovarian follicle atresia (Flaws et al., 1995), Ich-1L nt sequence, and similar to the human Ich-1
sequence (Wang et al., 1994), is proposed to causethe objectives of the present study were to characterize

the Ich-1 cDNA from RNA expressed in the hen ovary, premature termination of translation. In addition, it is
suggested that similar to human ICH-1S , translation ofand to evaluate the expression of Ich-1 mRNA in

ovarian tissues. the chicken ICH-1S protein is initiated at a start codon
found beginning at bp 19 from the Ich-1L nt sequence.

The deduced aa sequence of ICH-1L contains the
highly conserved active catalytic domain, QACRG,2. Experimental and discussion
found in many known caspases ( Kumar, 1995), two
putative domains corresponding to the Asp pocket in2.1. Chicken Ich-1 long cDNA and deduced aa sequence
ICE (Wilson et al., 1994), and 164 and 106 aa peptides
homologous to the p20 and p10 subunits of ICE,Procedures for the initial cloning of chicken Ich-1L
respectively (Thornberry et al., 1992) (Fig. 3). Theseand Ich-1S partial cDNAs from an embryonic chicken
latter regions were determined to be 67.1% homologouscDNA library have previously been described (Wang et
to the p20 and 83.0% homologous to the p10al., 1994). The nt sequence derived from these fragments
subunits from the human ICH-1L sequence (Wang etwas utilized for the design of primers to amplify the 5∞
al., 1994).and 3∞ ends of chicken Ich-1 by RACE using reverse

transcribed RNA obtained from ovarian granulosa cells.
This resulted in the identification of a single form of the 2.2. Expression of Ich-1 long in the ovary
gene corresponding to Ich-1L. The composite cDNA
sequence consists of 1396 nt, with an ORF of 424 aa RNase protection analysis was conducted to evaluate

expression of Ich-1 in the ovary at various stages of(Fig. 1).
Relationship of the Ich-1S insert to the complete follicle development, following ovulation, and during

follicle atresia. Design of the probe utilized to di�erenti-Ich-1L cDNA is illustrated in Fig. 2A. The Ich-1S alterna-
tively-spliced sequence is 62 bp long, and was found ate between Ich-1L and Ich-1S transcripts is shown in

Fig. 2B. Irrespective of the physiological status ofinserted following bp 879 of the coding region (Fig. 2A).
This insertion point is out of frame with respect to the ovarian tissues evaluated, only the Ich-1L transcript was

Fig. 2. (A) Diagramatic representation of the chicken Ich-1L cDNA, characterization of the Ich-1S insert, and putative sites for the Ich-1S start
(ATG) and stop (TGA) codons. · · · · · represents approximately 1.8 kb of unsequenced cDNA ending in a poly(A+) tail at the 3∞ end. (B) Design
of the Ich-1 probe used in the RNase protection assay to di�erentiate between expression of Ich-1L and Ich-1S transcripts. Methods: The probe,
which was amplified from a clone containing the Ich-1S cDNA, spans the region of the 62-bp insert and was generated from forward
(GTGCTTCCCTAGAGCTGCTTTTC; bp 590–612) and reverse (TGACCGTTCTTTGCCATCTCTC; bp 926–905 ) primers by PCR.
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Fig. 3. Alignment of deduced aa sequences from the chicken ICH-1L and human ICH-1L ( Wang et al., 1994) proteins. Identical residues are in
upper case letters, while variations are in lower case letters. − represents aa absent in the chicken ICH-1L sequence. The QACRG active catalytic
site is designated by bold type, while the His residue marked by + has also been implicated in catalysis. Double underlined regions represent
regions which form the Asp pocket in ICE ( Wilson et al., 1994), and are highly conserved within the family of caspases. * indicates the stop codon.

detected under the conditions described (Fig. 4). Levels includes conserved catalytic and Asp binding
regions identified in other caspases.of Ich-1L mRNA were determined not to change signifi-

cantly during follicle development, and this finding was (2) Only the Ich-1L transcript (the putative ‘apoptosis-
inducing’ form) was detected in hen ovarian tissuesconfirmed by Northern blot analysis (Fig. 5). There

was, however, a significant decrease (by 36%) in Ich-1L suggesting the relative importance of this alterna-
tively-spliced form. However, levels of Ich-1LmRNA levels in atretic, versus normal, prehierarchal

follicles (p=0.017) which is consistent with the overall mRNA are not altered within either granulosa or
theca tissues during follicle development, and there-decline in the level of several other unrelated transcripts

during the progression of follicle atresia (You et al., fore increased expression of Ich-1L mRNA is not
directly associated with granulosa cell susceptibility1996).
to apoptotic cell death within prehierarchal follicle
granulosa cells.

(3) It is proposed that similar to other caspases, the3. Conclusions
regulation of ICH-1 protease activity occurs
following post-translational modification(s) by, as(1) The deduced amino acid sequence of Ich-1L shows

70.8% identity with the human Ich-1L sequence, and yet, unknown factors.
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Fig. 4. RNase analysis for Ich-1. Methods: The assay was conducted using a 32P-labeled 517-bp cRNA probe (containing 119 nt of vector sequence)
that spans the Ich-1S nt sequence (see Fig. 2B). Accordingly, signal corresponding to 290-bp represents the Ich-1L transcript, while that corresponding
to 398-bp would represent Ich-1S. Total cellular RNA (15 mg) was hybridized with 6×105 cpm of RNA probe at 60°C overnight. The reaction
mixture was incubated with 5 mg RNase A/ml and 100 units RNase T1/ml for 30 min at 37°C. Protected fragments were precipitated, resuspended
in gel loading bu�er, and electrophoresed on a 8 M urea-6% polyacrylamide gel and visualized by autoradiography (Johnson et al., 1996). Lanes:
1 and 6, tissues from the largest (F1) preovulatory follicle; 2 and 7, second largest (F2) follicle; 3 and 8, 9 to 12-mm diameter follicles; 4 and 9, 6
to 8-mm diameter follicles; 5 and 10, 3 to 5-mm diameter follicles; 11, tissue from postovulatory follicle; 12–14, tissue from atretic follicles; 15–17,
tissue from whole, morphologically normal 3 to 5-mm diameter follicles; 18, negative control (yeast transfer RNA); 19, chicken Ich-1 probe.

Fig. 5. Northern blot analysis of Ich-1L mRNA in hen granulosa and theca tissue during ovarian follicle development. Representative blots from
granulosa cells (top left panel ) and theca tissue (top right panel ), together with a summary of densitometric scanning data (bottom panels).
Methods: Fifteen mg of total cellular RNA was hybridized with a chicken Ich-1 32P-labeled cRNA probe at 65°C overnight and subsequently
washed under highly stringent conditions at 65°C. Data are expressed as fold-di�erence compared to the largest preovulatory (F1) follicle ±SEM,
and represent four to five replicate experiments. The relative extent of hybridization was evaluated by densitometry ( UltraScan XL laser densitometer;
Pharmacia LKB, Piscataway, NJ), and equal loading of RNA onto gels was verified following the evaluation of ethidium bromide-stained 28S
and 18S bands of ribosomal RNA.
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