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HCW9 cDNA encodes a rat protein with 95% homology to mouse phospholipgsact#vating protein
(PLAP). Its mRNA, which is substantially decreased in rat hepatocytes during chemical hypoxic injury, was
found to be expressed in all rat tissues examined, including liver, heart, brain, spleen, lung, skeletal muscle,
kidney, and testis. To elucidate the mechanisms responsible for this hypoxia-induced down-regutdGakiDf
mRNA levels, the transcription rate and half-life BICW9 mRNA were measured. Nuclear run-off assays
revealed a 54-57% inhibition in the transcription rateH€W9 gene during chemical hypoxic injury. The
half-life of HCW9 mRNA decreased fromr&15 min under normoxic conditions t87 min during chemical
hypoxic injury. These findings suggest thHCW9 expression in rat hepatocytes is regulated at both the
transcriptional and posttranscriptional levels during chemical hypoxi@1996 Academic Press, Inc.

Hypoxia typically results from conditions where limited perfusion of tissues persists but ins
ficient oxygen is delivered to the tissue due to respiratory failure, tissue hypoperfusion, c
combination of the two. To investigate the molecular mechanisms that underlie hypoxic injury,
have recently employed subtractive cloning and have identified a set of genes whose expre
levels are altered (up or down) during hypoxia (1,2). One of the cDNA clones whose mRNA le
was substantially decreased in rat hepatocytes during chemical hypoxia was té@kié@l(1).
Sequence analysis iCW9 cDNA revealed a 647-amino acid open reading frame encoding
protein with 96% identity to the published mouse phospholipasadivating protein (PLAP) at
the N-terminus (@ 1 — 255) (1,3), but overall more than 95% homology to the corrected PL/
amino acid sequence deduced from the mdeisaP clone (1).

Here we report the characterization of the HCW9 protein. The complete coding redit\Va9
AGEM-2 cDNA was subcloned into the plasmid vector pQE-30, and expresseddali strain
SG10039. In addition, the tissue distribution and mechanisms responsible for down-regulatic
HCW9expression in rat hepatocytes during chemical hypoxia were also investigated.

MATERIALS AND METHODS

Cell culture and chemical hypoxi®at hepatocytes were isolated by collagenase perfusion of livers of male Sprag
Dawley rats (200-300g), and cultured in Waymouth’s MB-752/1 containing 26.7 mM NaHZ@M L-glutamine, 5%
fetal calf serum, 100 nM insulin and 100 nM dexamethasone as previously described (4). Chemical hypoxia with KCN
mM) plus iodoacetate (0.2 mM) in Krebs-Ringers-Hepes Buffer (KHB, pH7.4) containing 115 mM NaCl, 5 mM KCI, 1 m
KH,PQO,, 2 mM CaCl, 1.2 mM MgSQ, and 25 mM Na-Hepes buffer were used to mimic the ATP depletion and reducti
stress of hypoxia as previously described (4). KCN inhibits mitochondrial cytochrome oxidase and causes reducti
mitochondrial electron transfer components, as in anoxia. lodoacetate inhibits glycolysis and prevents ATP formatio
to glycolytic metabolism of glycolytic substrates like fructose and glycogen. We have previously shown that this mod
chemical hypoxia faithfully mimics true hypxoia (& 0.1 torr).

Expression and purification of HCW9 proteifhe 1944-bp coding region (nucleotide 144—208716W9clone (1) was
amplified by PCR using primers (82CC GGQ5 GAT CQA TGC ACT GTA TGA GCG GCC, and 5CCC GAA AGC TTr
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CAA GGT CAG TGT AGC CAG) (6). After purification, the amplified cDNA insert was digested \Bi#tmH1 andHindlll,
subcloned into pQE-30, and subsequently transformed Entooli strain SG13009(pREP4) (Qiagen, Chatsworth, CA,
USA). High-level expression of HCW9 iE. coli from the recombinant plasmid was induced by addition of isopr@pyl-
D-thiogalactopyranoside (IPTG), the recombinant 6x His tag HCW9 protein was purified using the Ni-NTA purificat
system, and subsequently analyzed on a 4-15% SDS-polyacrylmide gel as instructed (Qiagen, Chatsworth, CA, U!

Northern blot analysisTotal cellular RNA was isolated at the indicated times by the acid guanidium thiocyanate-pher
chloroform extraction method (5) after various treatments of the cells and Northern blots were performed with a dig
genin-11-dUTP labeletHCW9 (nucleotide 1191-2080) probe as previously described (1). For determinatid@\af9
mRNA half-life, quantitative analysis of mRNA hybridization signal was performed by using an image scanner (Mc
Hewlett Packard Scan Jet Il cx) and the NIH Image 1.57 software on a Macintosh. The mRNA half lives were deterrr
from ’best-fit’ regression lines obtained by using the least-square method (r > 0.9).

Isolation of hepatocytes nuclei and run-off transcription asgsy30 min after initiation of chemical hypoxia, nuclei
from 5 x 10’ normoxic or hypoxic cells were prepared as described [6]. Transcription reactions were performed for 30
at 37°C with 100ul of the isolated nuclei in a final volume of 150l in the presence ofd->P]JUTP and unlabeled
nucleotides. Elongated RNA transcripts were treated witfpdful RNase-free DNase | for 15 min at 37°C, and were then
extracted with 65°C phenol. The precipitated RNA (at equivalent amounts of radioactivit®, kel cpom/sample) was
hybridized to cDNAs (2g) immobilized on nylon filters in hybridization buffer (250 mM NaCl, 10 mM Tris-HCI, pH 8.0,
4% SDS, 50% formamide, 1 mM EDTA, 50y/ml yeast tRNA, 5Q.g/ml polyadenylic acid, and 10@g/ml salmon sperm
DNA) at 48°C for 18 h. The filters were washed 2 x SSC/0.1% SDS three times at 25°C and in 0.1 x SSC/0.1% SD
three times at 65°C with shaking. Washed filters were exposed to Kodak X-OMAT AR film at —70°C with intensifyi
screens for 2—3 days, and hybridization signals were quantitated as described [1].

RESULT AND DISCUSSION

Expression and purification of HCW9 proteifio begin the characterization of rat HCW9
protein in mammalian cells, we subcloned tH€W9 coding region (1944 bp) downstream from
an IPTG-inducible promoter in pQE-30 in order to express HCW9 protdin goli strain SG13009
containing repressor plasmid pREP4 (3.74 kb). Agarose DNA gel analysis revealed the preser
an insert of the correct size (1956 bp) in pQE-3CW9 (Fig. 1A, Lane 2). Utilizing the
QIAexpress Ni-NTA expression and purification system, the recombinant 6x His tag HC\
protein was overexpressed, purified under severe denaturing conditions (8M urea), and s
quently analyzed on a 4-15% SDS-polyacrylmide gel. While no proteins were retained from
Ni-NTA agarose fronEk. Colilacking theHCW9plasmid (Fig. 1B, Lane 2), a variety of truncated
protein products ranging from 28 to 74 kDa were observed in SG13009 cells contain
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FIG. 1. Gel analysis of recombinant pQE-36ICW9 plasmid and 6x His-tag HCW9 proteif®\). Agarose gel of
recombinant pQE-3HCW9 plasmid containingdCW9insert (lane 2), vector pQE-30 only (lane 3), as well asEheoli
hostlac repressor plasmid pREP4 (lanes 2 and 3). Lane 1, DNA size markers (GibcoBRL, Grand Island, NY(B)SA).
SDS-PAGE of purified recombinant 6x His tag HCW9 protein. Lane 1, broad range protein size markers with indic
molecular weights (Bio-Rad Lab., Hercules, CA, USA). Lane 2, proteins purified from SG13009 containing vector pQE
only. Lane 3, purified recombina® x His tag HCW9 protein.
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pPQE-30HCWY induced with IPTG for long periods of time (4 hours) at high temperature (37°¢
(data not shown). This suggested that the recombinant HCW9 protein was either not stable
partially degraded withit. coli, or very long and subject to premature termination of translatior
Further investigation of HCW9 expressionkn coli pointed to the first possibility, as decreasing
the time period of IPTG induction (from 4 hr to 1 hr) as well as the induction temperature (fr
37 to 30°C) resulted in the production of an approximately 74 kDa polypeptide, albeit w
substantially decreased vyield (Fig. 1B, Lane 3). The molecular weight of the expressed HC
protein was estimated to be approximately 73 kDa, which is in close agreement with the predi
molecular weight of the 645-aa HCW9 protein (1). However, the size of HCW9 protein was not
same as the molecular weight of the 28 kDa PLAP protein isolated from bovine endothelial ¢
murine smooth muscle cells, and gouty synovial fluid. However, the 28 kDa PLAP protein v
isolated on the basis of its reactivity with antibodies specific to bee venom melittin (7,8,9). Fut
structural and functional characterization of HCW9 protein in mammalian cells will have to aw
the availability of antibodies directed against purified HCW9 protein which are currently unc
production.

Tissue distribution of HCW9 transcriptRat HCW9 is highly homologous to mouse PLAP, a
protein that is expressed in various tissues including smooth muscle, endothelial cells and T
The regional expression 6fCW9was investigated by multiple tissue Northern blot analysis usin
a fragment oHCW9as probe. Consistent with previously published results (1), the siE€#{9
transcript in all rat tissues was equivalent (2.5 kb) (Fig. 2A). Moreover, a minor transcript sligt
larger than 4.5 kb was also observed in many tissues with the exception of liver and spleen.
same blot was stripped and rehybridized with a constitutively expressed house-keepin@ygne,
revealing equivalent loading of mRNA in all lanes (Fig. 2B). While tHEW9 transcript was
expressed in all of the tissues examined, differences in mMRNA abundance among the diffe
tissues was noticed (Fig. 2A). HCW9 mRNA was expressed most abundantly in heart and |
least in brain and spleen. The fact that rat HCW9, a protein homologous to mouse PLAP contai
four WD-40 repeats at the N-terminus (10), is expressed in many tissues, may signify its im
tance in fundamental cellular activities important to a variety of tissues.

Transcriptional Activity of the HCW9 Gen#&e previously reported that rdd CW9 mRNA
levels were substantially decreased in rat hepatocytes during chemical hypoxia (1). This chel
hypoxia-induced decrease HCW9mMRNA levels could result from decreased rate of gene trar

A. (kb) Te Ki Mu Li Lu Sp Br He

9.5
7.5 4

4.4 4

241 - HCW9

144 ¢
P

FIG. 2. Tissue distribution oHCW9.(A). hybridized withHCW9cDNA probe. Rat multiple tissue Northern blot that
contained 2ug of poly(A)" RNA per tissue was purchased from Clontech (Clontech Lab., Palo Alto, CA, USA). Bl
hybridization of RNA was carried out with a digoxigenin-11-dUTP labeé#W9cDNA probe corresponding to nucleotide
1191-2080 as described under Materials and Mett{Bjishybridized with house-keeping geit®15 which served as a
loading control.
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scription, accelerated rate of RNA degradation, or a combination of both. To determine whe
changes in the level oHCW9 mRNA after chemical hypoxia was due to a variation in the
transcriptional rate of thé1iCW9 gene, we measured the transcriptional rateH@\W9 during
chemical hypoxia. As shown in Fig. 3, the transcription ratd@#/9gene decreased to 43-46%
of the control (average of three independent experiments, determined by scanning densitome
30 min after initiation of chemical hypoxia, whereas the transcription rate of the house-keey
genelB15 (as a control) as well as a recently cloned cDNA,P-36(2), remained unchanged. The
decrease irHCW9transcription therefore accounts, at least in part, for the down-modulation
HCWO9mRNA in rat hepatocytes during chemical hypoXa.AP transcriptional activity has been
shown to be regulated by cytokines (IL-1) in T cells (11), or L,TID smooth muscle and
endothelial cells (3,8), suggesting an important role in chronic immune and inflammatory proc
(12). Experiments to determine whether hypoxia-induced alterations in hepatocyte cytokine le
are responsible for alterddCW9 expression levels are currently underway.

Regulation of HCW9 mRNA Half-Life by Chemical Hypoface the marked decline BfCW9
mMRNA level in rat hepatocytes during chemical hypoxia could also result from post-transcriptic
modifications, we measured the half-life HCW9mRNA in the absence or presence of KCN (2.5
mM) plus I1AA (0.2 mM) using actinomycin D (mg/ml) to block transcription. The disappearance
of HCW9transcripts was assayed by Northern blot analysis over a 60-min period. The half-life
HCW9 mRNA declined from 15 min te=7 min during chemical hypoxia (average of three ex:
periments, Fig. 4). The half-life dB15mRNA in both normoxic and chemical hypoxic cells was
>60 min, (data not shown), consistent with the previously described lack of effect of chem
hypoxia onIB15 mRNA levels (2). The mechanism responsible for post transcriptional regulati
of HCW9mRNA stability in rat hepatocytes during chemical hypoxia is not known, although t
presence of two AUUUA sequences in ther®ntranslated region could be responsible for de
stabilization ofHCW9mRNAs (1,13).

Our findings indicate that the level 8fCW9mRNA in rat hepatocytes during chemical hypoxic
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FIG. 3. Effect of chemical hypoxia on transcriptional rate HEWI mRNA. (A). Quantitative determination of tran-
scription rate oHCW9andIB15in the absence or presence of KCN plus IAA. Slot blot was scanned with a image scan
(Model Hewlett Packard Scan Jet Il cx), and optical band density was quantitated by using NIH Image version 1.57 sof
on a Macintosh. The data is representative of three independent experifBnt®Representative blot hybridization of
32P-labeled nascent RNAs with various cDNAs. The transcriptional leviB b6 and CLP-36were also determinedB15
is constitutively expressed and its mRNA level remains constant during chemical hy@xa36 mRNA level is
down-regulated during chemical hypoxia (2).
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FIG. 4. Effect of chemical hypoxia on stability diCW9mMRNA. Cells were treated with actinomycin D (&/ml) to
block transcription before chemical hypoxia (0 min). At the indicated times after initiation of actinomycin treatment, t
RNA was extracted, Northern blot was performed, and Northern blot signals were analyzed by video densitometric sca
as described under 'Materials and Methods.” The half-lif¢H@W9OmRNA was calculated by lineal estimation from the
best fit of each line on a logarithmic plot. Data in the figure represent mean + S.E. of three separate experiments, \
the normalized values were plotted as percentage of the mRNA level observed before actinomycin D treatment
'best-fit' regression lines (mean of the three experiments) are represented on the figure with standard deviation (ba

injury is determined both by the rate of transcription and stability (half-life HGAW9 mMRNA,
suggesting that its expression in rat hepatocytes during chemical hypoxia is regulated at
transcriptional and post-transcriptional levels. Numerous studies suggest that alterations il
activity of pH-dependent phospholipases may contribute to alterations in membrane structure
occur during hypoxic injury and contribute to cell death (1,2,14-16). Hypoxia-induced alterati
in the levels ofHCW9,which displays 95% homology to PLAP, may underlie in part the altere
levels of phospholipase Aactivity observed and believed to contribute to hypoxic injury.
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