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Human erythrocyte pyrimidine Sucleotidase, PN-I, is identical to p36, a protein
associated to lupus inclusion formation in respongeittderferon

Adolfo Amici, Monica Emanuelli, Nadia Raffaelli, Silverio Ruggieri, Franca Saccucci, and Giulio Magni

Erythrocyte maturation is accompanied by
RNA degradation and release of mononucle-
otides. We have previously purified PN-I, a
pyrimidine nucleotidase whose deficiency
is associated with hemolytic anemia. Com-
puter-aided analysis of PN-I tryptic and CNBr
peptide sequences revealed substantial
identity with tryptic peptide sequences re-
ported for p36, an a-interferon-induced pro-
tein. PN-I partial sequences were matched

through the expressed sequence tag data-
base with different human complementary

DNA (cDNA) clones, whose sequences were
exploited to screen a human placenta cDNA
library. PN-I cDNA, coding for a 286-residue

protein, was expressed in  Escherichia coli ,

yielding a fully active recombinant enzyme.
The recombinant protein sequence com-
prised the peptide sequences determined
for PN-I and p36. Rabbit antisera raised

against two peptides deriving from p36 and
PN-I tryptic digestions, respectively, recog-
nized both wild-type and recombinant PN-I.
Molecular properties of the two proteins
were essentially the same. We conclude that
p36 and PN-I are identical proteins. (Blood.
2000;96:1596-1598)
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Erythrocyte pyrimidine 5nucleotidases are enzymes involved iradditional role of these enzymes in nucleotide metabolism. To get
the salvage pathway of nucleotides and in the catabolism of RNiasights into the physiological importance of PN-I, we decided to;?
in that they catalyze the dephosphorylation of various pyrimidirigvestigate on the molecular properties of the enzyme. In thg
nucleoside monophosphates to their respective nucleosides. Tavgsent study the enzymatic protein was submitted to chemical argi
human red cell soluble enzymes, termed PN-I and PN-II, wefézymatic digestions, and it has been shown that the sequencespf
identified on the basis of their different molecular properties arthe resulting peptides, when searched in protein data bank, matchgd
substrate specificitieis’ The deficiency of PN-1 is associated to awith those of six peptides deriving from digestions of p36, ang
hemolytic nonspherocytic anemia characterized by basoph,ﬂfclnterferon -induced protein in cells forming lupus mclusmnsu
stippling at the Wright stain and accumulation of pyr|m|d|né|-|s) 12 |Is are abnormal cytoplasmic structures of unknowno
nucleotides, suggesting that in the red cell the fluctuation of“”Ct'On constituted by membranes, proteins, carbohydrates, a‘“gj
pyrimidine levels is differently regulated with respect to its purin& NA-** The PN-1 complementary DNA (cDNA) was for the first g
counterpart. Evidence has been reported on the accumulatiorfBf¢ c¢loned and expressed. Its inspection reveals a sequenge
ribonucleic material as the cause of the basophilic stipplingomp”s'ng' in addition to those stored in data bank, othel"’
indicating that PN-I deficiency is also closely related to incomplete equences separately and independently determined both f6r p38§

RNA degradation. Recently it has been described that rat PN-I- IiRe nd PN-I. Furthermore, rabbit antisera raised against synthet@
ptides constructed on p36 and PN-I sequences cross-reacted V\@h
enzyme activity increased concomitantly with the maturation

. . . . N-I. These results indicate that p36 and PN-l are identicaf
new erythrocyte§,suggesting a major role of this enzyme in the roteins.
elimination, as diffusible nucleosides, of the pyrimidine nucleo-
tides formed from internal RNA degradation. Likewise, in red
blood cells of human fetuses from 17 to 23 weeks of gestation, tge[udy design
activity of pyrimidine B-nucleotidase was higher than in the adult
cells® A transient increase of a similar activity has also been total of 10 pg homogeneous PN was both CNBr- and trypsin-
observed in chick embryonic erythrocytes in response to cycliigested:* The fragments were separated on a Capillary Microblotter
adenosine monophosphate stimulation of the enzyme synthes¥gstem and sequenced on an Applied Biosystems Procise sequencer.
Furthermore, PN-I deficiency has been associated to the conversioriuman placenta library was used as the source of PN-1 cDNA, which

of hemoglobin E disease into an unstable hemoglobinopathy- ipgs amplified for cloning by using polymerase chain reaction (PCR). The
diseasd? product, digested wittBamH| and Pst |, was ligated into the expression

vector pT7-7 Escherichia coliBL21, harboring the recombinant plasmid,
We have previously demonstrated that homogeneous pyrijas grown at 37°C, in luria-bertani (LB) medium. At different incubation

dine nucleotidases from human erythrocytes possess phosphotrgigs, cells were collected and disrupted by sonication. Samples were
ferase activities specific for pyrimidine nucleotidésuggesting an assayed for PN-I activit}#
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Figure 1. Comparison of PN-l and p36 sequences. (A) Alignment of p36
sequences, as reported,!? with those determined for PN-I. (B) Human PN-I cDNA
sequence and its encoded amino acid sequence. The first base of the translation start
codon is designated +1 and the stop codon is indicated by asterisks. The 251 amino
acids obtained from PN-I peptide sequencing are underlined. Residues of fragments
T42 and T50 of p36 that are not aligned with PN-| peptides (panel A) are boxed in the
PN-I sequence.

Rabbit antisera raised against the peptides KSSVRIKNPTRVEEOaI&}
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a product of 880 base pairs (bp), whose nucleotide sequence
exactly corresponded to the data bank sequence. The expression
resulted in a soluble and active PN-I. Such activity was not
detectable in control extracts prepared from BL21 cells trans-
formed with the nonrecombinant plasmid (not shown). In the cells
harboring the recombinant plasmid, a spontaneous and transient
expression of PN-| activity at the late logarithmic phase was found,
followed by a rapid decrease at the stationary phase (Figure 2a).
Sodium dodecyl sulfate polyacrylamide gel electrophoresis of the
same extracts revealed the appearance of a 36 Q@0ekéin band,
whose intensity paralleled the activity expression behavior (not
shown).

To further ascertain whether PN-1 and p36 indeed represent the
same protein, rabbit antibodies were raised against two synthetic
peptides constructed on the basis of two sequences: KSS-
VRIKNPTRVEEC, localized at the PN-I N-terminus, and DNSNI- g
ILLGDSQGDC, identical to the sequence of the p36 T29 fragment%
The antibodies were able to recognize both wild-type and recombi
nant PN-I, when analyzed by Western blot (Figure 2b), thus
confirming both the expression of the recombinant protein and it§
identity with p36. Z

The significance of the identity of the two proteins is at theg
moment obscure. Computer-aided search of the 286-amino acgi
sequence revealed high similarity with hypothetical proteins off
Caenorhabditis eleganand Arabidopsis thaliana suggesting a §

»
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NIILLGDSQGDC were obtained from Igtech (Salerno, Italy), according téonserved function of biological importance. We do not know;i
standard procedure. The immunoreactive protein was detected as prewiiether p36 retains the ability to catalyze the hydrolysis Ofé!

ously described®

Results and discussion

Partial sequences obtained from PN-I digestions were used fhat LI form in the cytoplasm of reticuloendothelial cells of
similarity searches, using the NCBI BLAST server. In the “nrindividuals with systemic lupus erythematostfsand acquired
database, the PN-I sequences matched with the 82-residue isgnunodeficiency syndroméThe availability of cDNA, together
quence obtained for p38with the exception of only three residueswith full structural and catalytic characterization of the protein,

pyrimidine monophosphates. The occurrence of posttranslationg
modifications of p36, not affecting the apparently identical moIecu%
lar and structural parameters but influencing the catalytic propefg
ties, cannot be discounted. However, our results might open a ne;;}/
possible scenario on the role played by p36 in immune diseases,
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(Figure 1a). In this regard, it should be pointed out that two of theow actively in progress in our laboratory, will be instrumental forg
residues are at the p36 peptide terminal positions, whose identifigdore systematic experiments aiming at the elucidation of th%r

tion generally is more prone to ambiguity, and the third (Q) is justinction of PN-1 in normal and pathological conditions.

the deamidated form of the other (E). A search of the GenBank
expressed sequence tag database (dbEST), using program “tblastn,”
revealed a perfect match of all PN-I-derived peptides with severa ;A
anonymous cDNA sequences. Each single cDNA sequence codke
only for a part of the protein, and it was needed to overlap anc 12
combine the sequences to obtain the entire putative nucleotid
cDNA sequence coding for PN-I, as well as the untranslatec
regions. Moreover, the translation of the combined cDNA into g4
amino acid sequence made it possible to align the tryptic and CNBE
peptide sequences, totalling 251 amino acids of the coded s& 08
quence. It should be pointed out that the PN-I-deduced amino aci§
sequence (Figure 1b) also comprises p36 T42 (LQIITDFDM) anc:
T50 (YM) residues, which are not present in the sequence*‘;- 02
determined for PN-I in our laboratory. This finding represents an
additional evidence of the identity of p36 and PN-I proteins, and it 2°
is reinforced by the observation that the pl value of 5.4 calculatec

for the recombinant PN-I is superimposable to that of 5.6 reportea
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Figure 2. Expression of PN-l activity in ~ E coli and PN-limmunoblot analysis.  (A)
The specific activity of the expressed PN-1 (®) is plotted as a function of growth of

To clone and express PN-I cDNA, amplification experiments 21 celis transformed with the recombinant plasmid O. (B) Antiserum raised against
were carried out using a human placenta library. On the basis of tiwgtide KSSVRIKNPTRVEEC is incubated at 1:1500 dilution with blotted pure

PN-I sequence, primers delimitating the cDNA portion of interegf’ld—type PN-I (lane 1); antiserum against peptide DNSNIILLGDSQGDC is incubated

at 1:1500 dilution with blotted pure wild-type PN-I (lane 2), and blotted extracts of

were _chos_en and ad_ded to specifi(_: restriction Sit?? fo_r cIor_1ing 8431 cells transformed with nonrecombinant (lane 3) and recombinant plasmid
described in the section “Study design.” PCR amplification yieldggdne 4).
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