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Abstract

We previously reported cloning of cDNAs which encode two granzyme-like serine proteinases (GLP I and GLP II) from rat duodenum. In this
paper we present the cDNA sequence for a novel member of the granzyme-like protein family from rat duodenum, GLP III. The amino acid sequence
deduced from the cDNA consists of 248 residues and shows 88.2% identity to GLP I and 50.6% identity to GLP II. Comparison of the amino acid
sequence of GLP III with sequences of related proteinases reveals the location of the catalytic amino acid triad and enables the prediction of the
substrate specificity. Despite close similarity to GLP I, GLP Il is expected to demonstrate different substrate specificity due to a substitution of the

Arg residue by Glu at the critical position. Northern blot analysis demonstrates that the GLP III transcript is present only in duodenum.
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1. Introduction

Cytoplasmic granules of defence system cells have
been shown to contain structurally related serine pro-
teinases. These include granzymes of cytotoxic T-lym-
phocytes [1,2], mast cell proteases I and II [3-5], cathep-
sin G of polymorphonuclear leukocytes [6] and natural
killer cell protease [7]. The actual physiological roles of
these enzymes are not clear. Studies suggest that
granzymes are involved in cytolytic events during T-cell
interactions with target cells [2], while mast cell proteases
and cathepsin G play an important role in allergic and
inflammatory reactions [8] and in defence against patho-
gens [9]. Recently, a novel serine proteinase {(duodenase)
was isolated from bovine duodenum and characterized
[10]. It was shown that the N-terminal amino acid se-
quence of duodenase has a high degree of homology with
the sequences of granzymes, mast cell proteases, and
cathepsin G. Investigations of duodenum proteolytic en-
zymes led us to the identification of cDNAs encoding
two related serine proteinases named granzyme-like pro-
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Abbreviations: GLP 1, I and III, granzyme-like protein 1, I and II];
RNKP-1, rat natural killer cell protease 1; GRAN B, granzyme B;
PCR, polymerase chain reaction.

The nucleotide sequence presented here has been submitted to the
EMBL Nucleotide Sequence Databases under accession number
X76996 (R. norvegicus mRNA for granzyme-like protein IID).

tein I and II (GLP I and GLP II) [11]. This paper de-
scribes the isolation and nucleotide sequence of a cDNA
encoding a novel member of the granzyme-like protein
family (GLP III). Tissue specificity of GLP III gene ex-
pression is demonstrated for several rat organs.

2. Materials and methods

For RNA isolation from rat duodenum the guanidine thiocyanate
method was used [12]. Poly(A)" RNA was selected and used as a
template for cDNA synthesis [13]. Double-stranded cDNA was ligated
with Smal-digested, dephosphorylated plasmid pSP64 and used for the
transformation of E. coli MH 1 cells. The library was blotted onto a
nylon membrane and hybridized overnight with 3*P-labeled multiprime
probes.

For PCR amplification Tag DNA polymerase was used. The proto-
col was as follows: incubation at 94°C for 4 min and 30 cycles of
denaturation at 94°C for 45 s, primer annealing at 60°C for 1 min and
extension by enzyme at 72°C for 1.5 min. Aliquots of the amplification
mixture were analyzed by electrophoresis on a 1.2% agarose gel stained
with ethidium bromide.

The sequencing was performed on double- and single-stranded DNA
templates according to the methods of Sanger et al. [14].

For Northern blot analysis poly(A)” RNA was electrophoresed on
agarose-formaldehyde gels [13] and transferred to nylon membranes by
vacuum blotting. Hybridization with *’P-labeled ¢cDNA probes was
carried out in the presence of 50% formamide at 42°C overnight.

3. Results and discussion

3.1. Isolation of cDNA encoding GLP 11T

When a ¢DNA library, constructed from mRNA from
rat duodenum, was hybridized with the *P-labeled frag-
ment of GLP I ¢cDNA [11] it was found that there is at
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Fig. 1. The nucleotide sequence and protein translation of GLP III cDNA. Numbering of the mature protein begins at the N-terminal Ile residue

common for serine proteinases of the granzyme family.

least one more cDNA which strongly hybridized with the
probe but is clearly different from GLP I cDNA. The
novel enzyme encoded by this ¢cDNA was named
‘granzyme-like protein III’. To determine the GLP I1I
cDNA sequence, we attempted to use as primers for PCR

GACAACACTCTCGACG and GGTGGTTAGTCA-
GGAAATGATCCACG corresponding to 5'- and 3-un-
translated regions of GLP I cDNA, respectively. After
30 PCR cycles, material of interest was separated, ligated
with plasmid vector pSP64, and cloned. **P-labeled

amplification  oligonucleotides = AGAGAGCAAG- ¢DNA for GLP I was used as a probe for screening.
* * * * * A*t* * * wkhkkhkn dedededkk * * &k
GLPI  MNLLLLLLTVSLAPTTEAARIIGGHEADPHSRPYMAYLOYKNEDSRDTICGGFLIREDEVLTA

GLPII

GLPIIIX
RNKP-1
GRAN B

GLPI
GLPII
GLPIII
RNKP-1
GRAN B

GLPI
GLPII
GLPIII
RNKP-1
GRAN B

GLPI
GLPII
GLPIII
RNKP-1
GRAN B

MPLEFLFFLVAILPVNTEGGEI INGTESKPHSRPYMAF IXFYDSNSEPERCGGFLVAKDIVMTA
MKVLLLLLTVSLAPTTEAGEI IGGHEAKPHSRP YMAYLQIMDEDSGSTMCGGFLIQEDFVLTA
MXLLLLLLSFSLAPXTEAGEI IGGHEAKPHSRP YMAYLOIMDEYSGSKKCGGILIREDYVLTA
MKILLLLLTLSLASRTKAGEIIGGHEVKPHSRPYMALLSIKDQQPEA~ICGGFLIREDFVLTA

*!* * k Rkkkhhhkd dd * k ke *n » *!****** *% *

AHCSGCSKINVTLGAENIKEQEKTQQVIPVVKIIPHPAYNAKTI SND IMLLKLKSKAKRTRAVK
AHCNGRNIKVTLGAENIKKQRNT-QVISVVKAKPHENYDRDSHFND IMLLXLERKAQLNGVVK
AHCLGSKITVTLGAENIKEQEKMOOVIPVVKIIPHPAYNSKKYSND IMLLKLKSKAKRTRAVK
AHCSGSKINVTLGAENIKEQRRMOQIIPVVKIIPHPAYNSKTISND IMLLXLKSKAKRSSAVK
AHCEGSIINVTLGAENIKEQEKTQQVIPMVKCIPHPDYNPXTF SND IMLLKLKSKAKRTRAVR

£ 2 ] Rkkk Ak hhhhwn KAk Xk Kk * *

TLSLPRSNFKVKPGDVCYVAGWGKLGPMGKFPDKLOEVELTVOEDQRECETY LKNAYDKANQIC
TIALPRSQDWVKPGQVCTVAGWGRLANCT S~ SNTLQEVNLEVOKGOKCOD ~-MSEDYNDSIQLC
TLSLPRSNFXVKPGDVCNVAGHNGKLGPMGKY PDXIQEVELTVQEDQECETYFKKAYNKANQIC
PLNLPRRNVKVKPGDVCYVAGNGKLGPMGKYSDTLQEVELTVQEDOXCESYLXNYFDXANEIC
PLNLPRRNVNVKPGDVCYVAGHGRMAPMGKY SNTLOEVELTVOKDRECESYFXNRYNKTNQIC

L ] *
* x * **!*** *& *hk dkk X * *k * * *k *kok

AGDPKIKCASFQGDSGGPLVCKKVAAGIVSYGRKDGSTPRAFTKVSTE LSWIEETMKKS
VGNP SEGKATGKGDSGGPFVCDGVAQGIVSYRLCTGTLPRVETRI SSY IPWIQKTMKVLOQS
AGDPKIKRASFGGDSGGPLVCKKVAAGIVAYGSKNGSAPEATTKVSTY LENIKETMEKS
AGDPKIKRASFRGDSGGPLVCKKVAAGIVSYGONDGSTPRAFTKVSTILSWIKKTNKXS
AGDPKTKRASFRGDSGGPLVCKKVAAGIVSYGYXKDGSPPRAFTKVSSFLSWIKKTMKSS

Fig. 2. Alignment of the predicted GLP III amino acid sequence with the sequences of related serine proteinases. Residues identical in all aligned
sequences are marked by asterisks. The catalytic triad residues His, Asp, and Ser are indicated by m. The residues determining the primary substrate
specificity [15] are marked by ®. The alignment makes use of the following sequences: rat GLP I and II {11], rat GLP III (this study), RNKP-1 [7],

murine GRAN B [16].
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Fig. 3. Northern blot analysis of poly(A)* RNA from various rat
organs. The cDNA fragment of GLP III was used as a probe; the same
blot was reprobed with the actin cDNA probe (shown below). In the
blot poly(A)* RNAs from various organs are presented in the following
order: duodenum (1), lung (2), brain (3), liver (4), spleen (5), heart (6),
and thymus (7). The size of the GLP III RNA transcript was deter-
mined by comparison to 28S and 18S ribosomal RNA bands.

Sequencing of several positive clones from three inde-
pendent amplifications revealed that some of clones rep-
resent GLP III cDNA (Fig. 1).

3.2. Characterization of the GLP III amino acid sequence

Analysis of the cDNA-derived amino acid sequence
showed that GLP III consists of 248 amino acid residues.
It shows 88.2% identity to GLP I and 50.6% identity to
GLP II. A high degree of identity (84,3%) was observed
between GLP IIT and rat natural killer cell protease-1
(RNKP-1) [7]. Comparison of the amino acid sequence
of GLP III with the sequences of related proteinases
(Fig. 2) reveals the location of the catalytic amino acid
triad and enables the prediction of the substrate specific-
ity.

Interestingly, despite close similarity to GLP I, GLP
IHI is expected to demonstrate different substrate speci-
ficity due to a substitution of the Arg residue by Glu at
the critical position [15].

Most likely, GLP III has a preference for base residues
at the P,-position of the substrate, while GLP I has a
preference for acid residues. Experimental data on bo-
vine duodenase, an enzyme which is presumable an ana-
log of rat GLP III and which also contains negatively
charged residue at the critical position (Zamolodchikova
et al., in preparation) show that duodenase demonstrates
trypsin-like specificity [10].
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3.3. Tissue specificity of GLP III gene expression
Northern blot analysis of GLP III gene expression in
different organs revealed that the GLP III RNA tran-
script is present only in duodenum and is approximately
1.2 kb long (Fig. 3). Noteworthy, RNA transcripts of the
GLP family members were detected in those organs
where alien antigens are commonly encountered [11]. It
seems that GLPs are involved in the organism protection
and are located in defence system cells. Because GLP III
has a high degree of identity to RNKP-1 one can suppose
that natural killer cells can be the possible source of the
enzyme. On the other hand, mucosal mast cells and cyto-
toxic intestinal intraepithelial lymphocytes also can be
considered as a potential source of GLP III.
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