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Characterization of adapt33,
a Stress-Inducible Riboregulator
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We have identified adapt33 as a multiple stress-responsive gene that is induced under conditions of a cytoprotec-
tive “adaptive response.” adapt33 RNA does not contain any appreciable open reading frame nor produce a
protein product and is therefore classified as a stress-inducible riboregulator. Although a number of oxidant
stress-modulated, protein-encoding genes have been reported and characterized, very few stress-inducible ribo-
regulator RNAs are known. Here we extend previous studies toward understanding the underlying regulation of
expression and function of this rare mammalian riboregulator. mRNA stability and transcription studies deter-
mined that adapt33 induction by hydrogen peroxide is at the mRNA stability level, and that adapt33 has a very
short half-life. Surprisingly, adapt33 mRNA also exhibits altered electrophoretic migration in response to both
hydrogen peroxide and cis-platinum treatment. Although no transcriptional modulation in response to hydrogen
peroxide was observed, fusion promoter constructs revealed that adapt33 has an unusually strong promoter that
is active in both hamster and human cells. Analysis of expression following the stimulation of apoptosis with
hydrogen peroxide and staurosporine revealed a strong correlation with apoptosis, suggesting a possible novel,
noncoding RNA component of the apoptotic mechanism. We conclude that adapt33 is a stress-inducible, apopto-
sis-associated RNA with unique structural and gene promoter characteristics.

Riboregulator Adaptive response Gene expression Hydrogen peroxide Oxidative stress
Hamster fibroblasts

HA-1 hamster fibroblasts respond to a minimally Of the five adapt genes that we have reported to
date, two—adapt15 and adapt33—do not encodetoxic “pretreatment” dose of hydrogen peroxide by

synthesizing RNAs and proteins that protect them any discernable protein product. They are therefore
classified as riboregulators. Riboregulator RNAs areagainst subsequent exposure to a highly cytotoxic

concentration of hydrogen peroxide (5,7,8,28). We spliced and polyadenylated RNAs that contain no ap-
parent open reading frame or translational product.have used this model system to identify mRNAs

whose levels are modulated during pretreatment Their importance and characterization have been
largely ignored due to their infrequent identification(7,9–11,26). These modulated RNAs represent poten-

tially cytoprotective genes that mediate the observed and lack of a functional protein product. However, it
has become increasingly clear that these RNAs areadaptive response and hold potential clinical utility in

treating oxidant-related diseases and disorders. We associated with a wide range of biological activities,
suggesting that they are important cellular regulators.have designated such pretreatment-modulated mRNAs

as “adapts.” One of these adapts, adapt78, has al- Riboregulators, also referred to noncoding RNAs
(ncRNAs) in eukaryotes, have been implicated in tran-ready been shown to be cytoprotective (21).
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scriptional regulation, RNA processing, tumor suppres- (H2O2). Cells were then returned to the incubator for
the designated period of time.sion, prenatal lethality, chromosome condensation, de-

velopmental timing, protein synthesis regulation, and
growth arrest (3,4,18,24,25,27). A recent review listed mRNA Stability
28 identified riboregulators to date in organisms rang-

HA-1 cells were pretreated with 4 µmol of hydro-ing from bacteria and plant to human (16).
gen peroxide per 107 cells as described above. ThreeAlthough adapt15 has been shown to suppress cell
hours later, 40 µg/ml of DRB (Sigma, St. Louis, MO)growth, the intracellular function of adapt33 is not
was added to the cell culture to completely blockyet known. Two adapt33 mRNAs species of 1.46 and
RNA polymerase II transcription. Total RNA was0.99 kb have been identified by Northern blot hybrid-
then extracted 0, 2, 4, and 6 h later. The levels ofization (26). Both variants are inducible by hydrogen
specific mRNAs were analyzed by Northern blot hy-peroxide in a calcium-dependent manner (26). Cell
bridization as described previously (5,7) using cDNAfractionation studies have revealed that a significant
probes. mRNA decay in control and treated cells wasproportion of adapt33 RNA is associated with the ac-
normalized to the GAPDH signal.tively translating polysome region. adapt33 RNA

may therefore act directly as a regulatory RNA at the
RNA Isolation and Analysissite of actively translating ribosomes during transla-

tion. As has been previously speculated for adapt15, Total RNA was isolated by direct addition of RNA
it is also possible that adapt33 RNA acts both via lysis buffer containing guanidinium isothiocyanate
RNA structure and a small peptide translated from (RNAzol, Biotecz, Houston, TX and RNA Isolator,
one of the many small open reading frames. The Genosys, Woodlands, TX) to PBS-washed cultures.
mRNA levels of both of these adapt riboregulators The RNA was then extracted according to the manu-
are strongly induced by hydrogen peroxide, and un- facturer, and the final, semidried pellet resuspended
der adaptive response conditions where cellular pro- in diethylpyrocarbonate-treated distilled, deionized
tection is observed. This suggests that, whatever the water. Electrophoresis, Northern blotting, and hybrid-
mechanism, these RNAs are involved in protecting ization were performed as previously described (6,7).
cells against the damaging effects of oxidative and Final washed blots were exposed to X-ray film.
perhaps other stress. Together, adapt15 and adapt33
represent the only known mammalian stress-induc- Nuclear Run-on Analysis
ible riboregulators. Baterial oxyS and Drosophila
hsr[omega] (15,16) are the only other reported stress- Transcription of adapt33 gene was assessed by nu-

clear run-on. Cells were pretreated with hydrogeninducible riboregulators to date. Here we extend pre-
vious studies on adapt33 to gain more insight into peroxide as described above. Medium was removed

1.5 and 4.5 h after treatment; cells were rinsed withthe regulation and action of this rare stress-inducible
riboregulator. ice-cold PBS, scraped, and centrifuged for 5 min at

500 × g at 4°C. The cell pellet was resuspended in
NP-40 lysis buffer A (10 mM Tris-HCl, pH 7.4, 10
mM NaCl, 3 mM MgCl2, 0.5% v/v NP-40), incubatedMATERIALS AND METHODS
5 min on ice, centrifuged as above, and the superna-
tant removed. The nuclear pellet was resuspended inCell Culture and Treatment Conditions
4 ml NP-40 lysis buffer A as above, centrifuged as

Hamster HA-1 cells, a Chinese hamster ovary fi-
above, and the pellet nuclei resuspended in 50 mM

broblast cell line, were maintained in Eagle’s mini-
Tris-HCl, pH 8.3, 40% v/v glycerol, 5 mM MgCl2,mal essential medium (MEM) supplemented with
and 0.1 mM EDTA and stored in liquid nitrogen. For

15% heat-inactivated fetal bovine serum, penicillin
nuclear run-on transcription of nascent RNA tran-

(100 U/ml), and streptomycin (100 µg/ml). The cul-
scripts, 170 µl of 2× reaction buffer with nucleotides

tures were grown in a humidified incubator atmo-
(10 mM Tris-HCl, pH 8.0, 5 mM MgCl2, 0.3 M KCl,

sphere of 95% air and 5% CO2 at 37°C.
1 mM of each of ATP, CTP, and GTP, and 5 mM
DTT) plus 10 µl of 10 mCi/ml [α-32P]UTP was added

Treatment of HA-1 Cells With Hydrogen Peroxide
to the thawed nuclei and incubated 30 min at 30°C
with shaking. Total RNA was then extacted as aboveHA-1 cells were trypsinized and plated at 200,000

cells per 60-mm plate. After 2 days of incubation, and the final pellet resuspended in 10 mM TES, pH
7.4, 10 mM EDTA, and 0.2% w/v SDS. The labeledcells were divided into two groups, one receiving

phosphate-buffered saline only (controls), and the other RNA was then hybridized to cDNAs on each gene of
interest slot blotted to nitrocellulose.the appropriate concentration of hydrogen peroxide
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Rapid Amplification of cDNA Ends (RACE) the transfection medium was replaced with fresh
complete medium and, after 24 h, 4 µmol of hydro-

RACE was performed on RNA extracted as above
gen peroxide was added per 107 cells. The CAT activ-

using a RACE kit according to the manufacturer
ity from the transfected cells was measured by the

(Gibco Invitrogen, Grand Island, NY). In summary, a
diffusion method normalizing to protein mass.

17-mer oligomer specific to the 5′ region of adapt33
cDNA was used as the first gene-specific primer

DNA Extraction and Analysis of Internucleosomal(GSP-1) from reverse transcription from RNA ex-
DNA Fragmentationtracted from control and peroxide-treated HA-1 cells.

The generated cDNA fragment was PCR amplified HA-1 control cultures and cells treated with vary-
by using a second gene-specific primer (GSP-2). The ing concentrations of hydrogen peroxide or stauro-
PCR product was then cloned into a TA-vector and sporine were collected at the appropriate time points
subjected to sequencing analysis. by centrifuging the culture medium with washed

monolayer cells. The cells were lysed by exposure to
Isolation of adapt33 Genomic Clone 1% NP-40 in 20 mM EDTA and 50 mM Tris-HCl,

pH 7.5, for 10 s and centrifuged. The supernatantFull-length adapt33 cDNA was used to screen a
containing the lower molecular weight fraction wasChinese hamster ovary genomic library in the λ FIX
treated with 1% SDS and RNase (5 µg/µl) followedvector according to the manufacturer (Stratagene, La
by Proteinase K (2.5 µg/µl) as described previouslyJolla, CA). A single positive clone was identified and
(17). After precipitation, the DNA was run on a 1.5%found to contain a 16-kb insert. To subclone the frag-
agarose gel and stained with SYBR green.ment containing the 5′-flanking region of adapt33

gene, the 16-kb insert was digested with EcoR1, elec-
trophoresed through an agarose gel, and subjected to

RESULTSSouthern blot hybridization using a Pvu1/HindIII
fragment of the cDNA as a probe corresponding to

Induction of adapt33 mRNA by Hydrogen Peroxidethe 5′ region of the full-length adapt33 cDNA. A 4-kb
in HA-1 Cellsfragment hybridized and was subcloned into pBlue-

script SK vector (Stratagene). As we have previously reported, adapt33 mRNA
levels were significantly elevated by exposure of HA-1

Construction of the CAT–Fusion Plasmid cells to 160 µM of hydrogen peroxide (Fig. 1A). The
presence and inducibility of two adapt33 variants ofA 2.5-kb fragment of the 5′-flanking region of the
1.5 and 1.0 kb is also apparent from this figure. As aadapt33 gene was generated by PCR using a hamster
generalization, we noted that adapt33 mRNA levelsadapt33 genomic clone we had obtained as template.
were lower than for a number of other transcripts andThe upper primer T7 was specific to the vector se-
required longer exposure to film or phosphoimagingquence immediately upstream from the 5′ end of the
to obtain a clear signal. Thus, adapt33 appeared toinsert. The lower primer 5′-ACAAACTAGTACA
be a low abundant RNA.ATGCTCGCCCAAAG-3′ was specific to the cDNA

sequence downstream from the determined (see
adapt33 mRNA Stabilityabove RACE) transcriptional start site. A subsequent

deletion at the 5′ end was made on the 2.5-kb frag-
HA-1 cells were treated with the transcriptional in-

ment by cutting an internal HindIII site to generate a
hibitor DRB after hydrogen peroxide pretreatment

1.4-kb fragment. These fragments were ligated into a
and RNA levels assessed at various time points. As

pCAT vector (Promega, Madison, WI) where the
shown in Figure 1B, the adapt33 RNA transcript had

tested promoter region was fused upstream to the
a very short half-life in control cells, dropping to 20%

coding region of the CAT (chloramphenicol acetyl
of that before DRB treatment within 2 h. On the other

transferase) reporter gene.
hand, treatment with hydrogen peroxide resulted in a
half-life of greater than 6 h. Thus, hydrogen peroxide

HA-1 Cell Transfection and CAT Assay
treatment strongly stabilized adapt33 mRNA. This
was observed at both 4 µmol of hydrogen peroxidePlasmid DNA was transfected into HA-1 cells us-

ing lipofectamine (Gibco Invitrogen, Gaithersburg, per 107 cells and especially 10 µmol of hydrogen per-
oxide per 107 cells.MD). HA-1 cells were seeded at a density of 1.5 ×

105 cells per 60-mm culture dish and incubated at To determine whether the stabilization of adapt33
by hydrogen peroxide is a general or specific effect,37°C. After 48 h, lipofectamine–DNA coprecipitate

was added according to the manufacturer. After 6 h, the decay of c-jun, another short-lived message, was
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Figure 1. The effect of hydrogen peroxide on adapt33 RNA levels. (A) Northern blot containing RNA from HA-1 cells treated with 160
µM of hydrogen peroxide for 90 min and 5 h was probed with radiolabeled adapt33 cDNA. C, control. P, peroxide treated. The Northern
blot was also treated with GAPDH cDNA as a loading control. (B) adapt33 stability. HA-1 cells were treated with 0, 4, or 10 µmol of
hydrogen peroxide per 107 cells. Three hours later, all cells were treated with 40 µg/ml of DRB. Total RNA was extracted at indicated times
after DRB treatment and subjected to Northern blot analysis. (C) adapt33 transcription. HA-1 cells were treated with or without (control) 4
µmol of hydrogen peroxide per 107 cells. At 1.5 and 4.5 h time points after treatment, cell nuclei were extracted from both control and
treated cells and run-on reactions were performed on the nuclei and quantified as described in Materials and Methods.

also analyzed. It was not stabilized by the pretreatment stability studies, we conclude that the induction in
adapt33 mRNA levels was due to message stabiliza-concentration of hydrogen peroxide (Fig. 1B). Thus,

message stabilization is not a general effect of hydro- tion.
gen peroxide treatment. In addition, gadd45 mRNA
was stabilized by hydrogen peroxide, consistent with Exposure of Cells to Stress Agents Leads to Altered
its known stabilization by other DNA-damaging Migration of adapt33 mRNA
agents including MMS and UV irradiation (19).

After exposure of HA-1 cells to hydrogen peroxide
and subsequent Northern blot analysis, it was ob-Induction of adapt33 mRNA by Hydrogen Peroxide
served that adapt33 mRNA levels were not only in-Is Not at the Transcriptional Level
duced by peroxide but also exhibited altered migra-
tion on agarose gels. Specifically, migration of theHA-1 cells were treated with peroxide for 1.5 and

4.5 h and adapt33-specific transcription determined adapt33 transcript was moderately accelerated (Fig.
2A, B). This effect did not appear to be specific tofollowing nuclei isolation. As shown in Figure 1C,

adapt33 RNA transcript production did not change in peroxide-treated cells, as cis-platinum-treated cells
elicited a similar effect, albeit more modestly (see 4-hresponse to peroxide. gadd45, which is known to be

induced at the transcriptional level by hydrogen per- treatment with 25 mg/ml CisPt, Fig. 2C). However,
it was specific to adapt33 as a stress-inducible mam-oxide, was used as a positive control, and actin as a

negative control. Combined with the above mRNA malian riboregulator, because the only other known
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such riboregulator, adapt15, did not share this altered most likely to contain the promoter region of adapt33.
The fragment was sublcloned into pBluescript SKmigration (Fig. 2A). No other transcript was observed

to exhibit this altered migration, including GAPDH (Fig. 3B). Partial sequencing of the subclone revealed
that the genomic insert contained the 5′ end of the(Fig. 2).
cDNA and 2.5 kb of 5′-flanking region, using the
above RACE information to identify the transcrip-adapt33 Promoter Constructs
tional start site. Sequence analysis of the upstream

To better understand the regulation of adapt33 region from the transcription start site indicated that
gene expression and further test the transcriptional adapt33 has a TATA-less promoter with the up-
response of the adapt33 gene to peroxide exposure, stream region containing a number of known tran-
we performed promoter fusions studies. To establish scriptional elements including NF-κB, Sp-1, and ATF
the promoter region of adapt33, it was necessary to sites (data not shown).
first identify the transcriptional start site. This was
done by rapid amplification of the 5′ cDNA ends adapt33 Transcriptional Activity Using CAT Gene
(RACE). The results are shown in Figure 3A. At the Reporter Constructs
same time, subcloning of a 16-kb adapt33 genomic
clone was carried out as described in Materials and adapt33 transcriptional activity was further studied

using CAT gene reporter fusion constructs. A 2.5-kbMethods. These subclones were probed with a frag-
ment of the adapt33 DNA as a probe corresponding and a 1.4-kb fragment of the 5′-flanking region of the

adapt33 gene were generated by PCR using the aboveto the 5′ region of the full-length adapt33 cDNA. A
4-kb genomic clone hybridized and was therefore hamster adapt33 genomic clone as a template and

Figure 2. The altered migration of adapt33 mRNA. HA-1 cells were exposed to 4 µmol of hydrogen peroxide per 107 cells. RNA was
extracted 5 h later and subjected to Northern blot analysis as described above. Horizontal lines were drawn through the middle of adjacent
lanes to more easily assess the accelerated migration observed for adapt33 in the peroxide (P) lanes compared with control (C). (A) Single
blot probed successively with radiolabeled cDNA probes for adapt33, adapt15, and GAPDH. (B) Single blot probed successively with
radiolabeled cDNA probes for adapt33 and GAPDH. (C) The effect of the DNA-damaging agent cis-platinum (CisPt; 25 mg/ml) on adapt33
expression analyzed as described above.
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Figure 3. adapt33 promoter studies. (A) 5′ RACE was used to identify the transcription start site of the adapt33 gene using gene-specific
primers. The major PCR product was cloned and sequenced. The sequence shown represents the 5′ end of the cDNA. (B) adapt33 genomic
clone and subcloning into the pBluescript vector. The shaded box represents the genomic sequence that is overlapping with the 5′ end of
adapt33 cDNA. N, Not1 site; R, EcoR1 site. (C) adapt33 promoter–CAT fusion constructs. The top figure shows the pBluescript/adapt33
genomic subclone. A 2.5-kb fragment containing the 5′ end of adapt33 cDNA and the upstream region was generated from this genomic
subclone by PCR and ligated upstream of a reporter CAT gene in a promoter-less pCAT vector. A subsequent 5′ deletion at an internal
HindIII site generated a construct containing the 1.4-kb adapt33 insert. The 5′ end of adapt33 cDNA is shaded. R, EcoR1 site; H, HindIII
site; N, Not1 site; S, Sac1 site. (D) After 6-h transfection, cells were allowed to recover for 24 h and then treated with 4 µmol of hydrogen
peroxide per 107 cells. Cell extracts from control and treated cells were prepared as described in Materials and Methods at indicated time
points after treatment.

fused to the CAT gene as shown in Figure 3C. Trans- HT1080 human cell line and showed a similar result.
These results indicate that adapt33 constitutive pro-fection was then performed as described in Materials

and Methods and transcription assessed. Consistent moter activity is very high. It also indicates that
adapt33 mRNA is low abundance despite a strongwith the above nuclear run-on analyses, no additional

promoter activity was observed in cells treated with promoter, apparently due to its very short half-life
(described above).hydrogen peroxide, as shown in Figure 3D. This lack

of a peroxide effect was observed under all conditions
tested including 7, 17, and 32 h after peroxide exposure adapt33 Is Associated With Apoptosis
and for both promoter constructs. However, adapt33
promoter showed unusually strong constitutive activity. adapt33 mRNA induction is maximal in cells ex-

posed to a concentration of 10 µmol hydrogen perox-Both promoters exhibited significantly higher activity
than the popular SV40 promoter/enhancer and, maxi- ide per 107 cells (Fig. 4A). This concentration of per-

oxide also elicits the maximum apoptosis response inmally, was almost 10-fold higher than the SV40 pro-
moter in HA-1 cells in the 1.4-kb adapt33 promoter these cells as assessed by DNA fragmentation (Fig.

4B). Thus, adapt33 induction is closely associatedconstruct. The promoter activity was also tested in a



adapt33 91

with apoptosis in HA-1 cells. This correlation was further evidence that adapt33 is an apoptosis-associ-
ated gene.exact by 5 h in that, at a higher concentration of per-

oxide (25 µmol hydrogen peroxide per 107 cells),
adapt33 levels decreased in parallel with apoptosis as
apparent necrosis increased (compare Fig. 4A and B). DISCUSSION
To further assess the correlation and possible involve-
ment of adapt33 expression with apoptosis, we treated Previously, we have described that adapt33 is a

novel gene induced by hydrogen peroxide under con-cells with another apoptosis inducer, the protein ki-
nase C inhibitor staurosporine. As shown in Figure ditions where adaptive response occurs. Here we ex-

tend these studies to better understand the expression5A and B, the cellular level of GAPDH, actin, and
even the proapoptotic bax decreased with time in the and function of this gene. In addition, it provides in-

sight into a possibly novel mammalian system thatpresence of the staurosporine. This is probably due
to an inhibiting effect of staurosporine on general combines the actions of untranslated riboregulator

adapt RNAs (adapt15 and adapt33) with other knownmRNA transcription. In contrast, adapt33 mRNA
levels did not decrease but increased at the later time protein stress-response mediators. If true, it would re-

semble the bacterial OxyR system where both non-points in the treated cells (Fig. 5A, B, C). We also
observed that adapt33 RNA is induced by cis-plati- coding oxyS RNA and other protein-encoding RNAs

are induced following exposure to hydrogen perox-num (Fig. 2C), a known apoptotic agent that is used
chemotherapeutically (13,22). These data provide ide; and the Drosophila heat shock response where

Figure 4. adapt33 RNA expression and apoptosis. (A) HA-1 cells were exposed to 0, 4, 10, or 25 µmol of hydrogen peroxide per 107 cells
and incubated for the indicated times prior to RNA extraction. A Northern blot containing total RNA from these sample was then probed
with a cDNA to adapt33. This blot was also probed with GAPDH cDNA as a loading control. (B) HA-1 cells treated with 0, 0.8, 4, 10, 25,
or 50 µmol of hydrogen peroxide per 107 cells and staurosporine for 24 h were collected, lysed, centrifuged, and treated. After precipitation,
the DNA was run out on a 1.5% agarose gel and stained with SYBR green.
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Figure 5. The effect of staurosporine on adapt33 mRNA levels. HA-1 cells were exposed to 200 µM staurosporine and incubated for the
indicated times prior to RNA extraction. (A, B) Northern blots containing total RNA from two independent experiments. The blots were
probed with radiolabeled cDNAs to (A) adapt33, bax, and GAPDH, and (B) adapt33, actin, and GAPDH, respectively. (C) Densitometric
quantification of induction of adapt33 by staurosporine. Relative mRNA levels of adapt33 were normalized to that of GAPDH.

both hsr[omega] noncoding RNAs are induced along The short half-life of adapt33 indicates that it
probably has a regulatory role during cellular re-with other RNAs encoding heat shock proteins, al-

though the latter are induced independently (15,17). sponse. We have previously reported that the induc-
tion of adapt33 mRNA levels is calcium dependent.Clearly, there are a number of similarities between

adapt33 and adapt15, including inducibility by hy- It is possible that calcium-dependent protein kinase
pathways are involved in the RNA stability control.drogen peroxide under conditions of adaptive re-

sponse, their similar peroxide-induction kinetics, the This regulation must be specific because other short-
lived transcripts such as c-jun are not stabilized byrole of calcium in these inductions, and their lack of

large open reading frames (7,8,26). It is therefore the same concentration of hydrogen peroxide.
Adenylate/uridylate-rich elements represent a com-possible that these two adapts belong to the same

family. We have identified adapt15/gadd7 as a growth mon determinant of RNA stability in mammalian
cells and are found in the 3′ untranslated regions ofarrest- and DNA damage-inducible sequence (8,12).

Thus, adapt15 and adapt33 appear to belong to the many mRNAs, including those that code for proto-
oncogenes, nuclear transcription factors, cytokines,same family as gadd45 and gadd153. This suggests

that adapt15 and adapt33 RNAs act as riboregulators and gadd genes (1,19). The adapt33 transcript has
two adenylate/uridylate-rich elements, which proba-in concert with Gadd45 and Gadd153 proteins to

bring about growth arrest and perhaps protect against bly explains its very short constitutive half-life. Im-
portantly, many molecules that mediate rapid cell re-DNA damage.
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sponse to environmental change are capable of rapid of HA-1 cells (26), and, at higher concentrations of
peroxide, a role in apoptosis. A similar alteration inturnover. On the other hand, structural genes are

long-lived so that constitutive, high-level transcrip- adapt15 RNA migration was not observed, indicating
that this effect is not a general one (Fig. 2). To ourtion of these genes is not required to supply the basic

components of cellular machinery. knowledge, adapt15 and adapt33 are the first and
only reported mammalian stress-inducible riboregula-We have also determined here that adapt33 has an

unusually strong promoter that is active in both ham- tors. Because adapt33 mRNA stability is increased in
response to peroxide, it is unlikely that the change inster and human cells. In both cases, its strength was

compared with that of the SV40 promoter. SV40 is migration represents a partial degradation of adapt33
RNA, although we cannot absolutely rule this outcommonly considered a strong promoter and used to

drive the expression of other genes in functional stud- such as in the form of poly(A) tail truncation. It is
also possible that a chemical modification has oc-ies. The adapt33 promoter was eight- and sixfold

stronger than SV40 promoter in hamster HA-1 cells curred that alters migration, such the loss of a chemi-
cal moiety(s).and human HT1080 cells, respectively. Such a high

activity is rarely seen in mammalian promoters. It The association of adapt33 with apoptosis is seem-
ingly paradoxical because it is induced under condi-may be used as a tool in studying other gene’s func-

tions. Despite its strong promoter, adapt33 has a very tions of a protective adaptive response. However, a
number of genes have been reported that are involvedshort half-life. It seems that while the cell is always

generating large amounts of adapt33 transcripts, it is in both recovery of sublethally damaged cells and ap-
optosis of extensively damaged cells. These genes in-also rapidly degrading them. This pattern is reminis-

cent of some genes that are involved in only emer- clude p53, RB phosphatase, p21, and c-Abl protein
tyrosine kinase (2,14,20,23). Although the exactgency response. Because adapt33 is a riboregulator

that probably functions mainly, if not exclusively, at mechanisms that determine how these genes decide
on recovery or suicide is not known, it is known thatthe RNA level, increased RNA stability during stress

would lead to the ready availability of large amounts growth arrest plays an important role. Growth arrest,
on the one hand, allows time for a cell to repair dam-of functional RNA molecules.

The alteration in adapt33 RNA migration follow- age and is thus a protective response. On the other
hand, it is also observed prior to apoptosis in exten-ing the exposure of cells to hydrogen peroxide or cis-

platinum is curious. We speculate that this altered mi- sively stress-damaged cells. adapt33 may also pos-
sess a similar dual type activity.grating form may represent an “activated” form of

adapt33 involving altered primary or secondary struc- We conclude that adapt33 is a stress-inducible, ap-
optosis-associated riboregulator RNA with uniqueture in response to cellular stress. Because, as a ribo-

regulator, it is believed that adapt33 acts primarily if structural and gene promoter characteristics and rep-
resents a unique marker of cellular oxidative stress.not exclusively at the level of RNA, this molecular

alteration may better enable adapt33 to perform its
stress response role, whatever it is. Several possibili-
ties for this role include cytoprotection (due to the ACKNOWLEDGMENTS
induction of adapt33 and other adapt mRNAs during
adaptive response when an overall cytoprotection is We thank Drs. Al Fornace, Nikki Holbrook, Rex

Tyrrell, and L. F. Lau for use of the gadd45, gadd153,observed), the regulation of protein translation due to
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