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Endotoxin induces rat lung ribonuclease activity
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Lipopolysaccharide fendotoxin), a component of Gram-negative bacteria, causes marked alterations m eukaryotic gene expression and cefiular
phystology. We show that within one hour of injection of endotoxin mto adult rats there is an induction of ribonuclease actwvity in the fung. The
degradation of RNA was prevented by treatment of the lung extract from endotoxin-injected rats with ribonuclease mhibitor (R Nasin). We suggest
that mduction by endotoxin of ribonuclease activity is a novel mechamism by which cells could alter gene expression to meet an environmental
challenge and caution that the presence of ribonuclease can hinder molecular biological analyses of tissue extracts from endotoxin-treated rats

Ribonuclease: Endotoxin: Lipopolysaccharide; RNA-binding; Rat lung

1. INTRODUCTION

Lipopolysaccharide (endotoxin) is the component of
the wall of Gram-negative bacteria responsible for the
injurious, frequently lethal sequelae associated with in-
fections by these organisms [l1]. Its interaction with
eukaryotic cells constitutes a major environmental chal-
lenge that results in remarkable changes in cellular
physiology and gene expression. In the present study we
show that within one hour of injecting endotoxin into
adult rats there is induction of ribonuclease (RNase)
activity. We suggest that induction of ribonuclease ac-
tivity by endotoxin is a mechanism by which cells could
alter gene expression to meet an environmental chal-
lenge. In addition, the endotoxin-induced R Nase activ-
ity eliminated the ability to detect catalase RNA-pro-
tein binding activity in lung extracts. This latter obser-
vation points to an important potential difficulty in
using tissue samples from endotoxin-treated animals in
which an induced RNase interferes with molecular bio-
logical analyses.

2. MATERIALS AND METHODS

2.1, Animal studies

Adult Sprague-Dawley rats (200-250 g) were obtained from Zivic
Miller Inc. Zelienople, PA. and maintained m the animal care facility
at Georgetown Unrversity Medical Center in accordance with mstitu-
tronal guidelines. Rats were mjected intraperitoneally with endotoxin
(500 pg/kg, lipopolysaccharide from Sulwmonella typhimurium) in 0.15
M NuCl (saline). Control rats were injected with an equal volume of
saline Rats were killed by exsanguination after bemg brought to
surgical levels of anesthesia with pentobarbital sodium (> 80 mg/kg).
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Their lungs were perfused in situ with salme. excised, frozen n hquid
mitrogen. and stored at —70°C. We obtamed cellular extract from
excised rat lungs by usmg a Brinkman polyiron to homogenize the
tungs 25 mM Tris-HC1 buffer, pH 7.0, containing 0.1 mM EDTA,
1% Trrton X-100, 40 mM KCI, 0.2 U/ul aprotinin, 0.1 mM phen-
ylmethylsulfonyl fluoride and 10 gg/ml leupeptin. Lung homogenate
was centrifuged at 12,000 x g for 10 mun: the supernatant flud was
collected and s protein concentration measured using Coomassie
Plus assay reagent from Pierce with bovine serum albumin as a stand-
ard. Samples of the 12,000 x g supernatant material were frozen at
~70°C untd used.

2.2, Filter bimdmg ussay for ribonuclease activity

Radiolabeled catalase cRNA was generated by in vitro transcrip-
tion with [VPICTP as previously described [2]. *P-labeled catalase
RNA probe was meubated with lung extract i 15 g of buffer contam-
ing 3% glycerol, 40 mM KCL 3 mM MgCh and 10 mM HEPES (pH
7.6} After a 30 min incubation at 25°C, 1 ml of 0.3 M NaCl. 30 mM
NaAcO, 3 mM ZnAcO, and 100 gg/ml salmon testes DNA was added.
followed by 0 1 ml of 100% of TCA. After mixing and mcubating on
ice for 15 muin, the samples were filtered onto 2 5 cm Whatman GF/c
filters, washed twice with 3% TCA, 1% NaPP, and once with 95%
ethanol., The radioactivity on the filters was quantitated by scintilla-
tion counting n optifiuor-o (Packard), Data were expressed as dpm
of TCA-precipitated probe as a function of lung extract protemn.

2.3. Assay for catalase RNA-bindmng protemn

To explore the potential sequelae of the induction of the RNase, we
used a gel retention assay to assess the binding of lung protemn to a
catalase cRNA probe as described previously [2]. Briefly, *P-labeled
rat catalase cRNA {10,000 dpm) was incubated with rat lung extract
{30 ug protein) m 15 pl of buffer contaimng §% glycerol, 40 mM KCI,
3 mM MgClL, and 10 mM HEPES (pH 7 6). After a 30 min incubation
at 25°C, 1U of RNase T1 (BRL) was added and incubation allowed
to continue for 15 min; heparnn sulfate was then added to a concentra-
tion of 6 ug/ul and the incubation contmued for an additional 15 min.
The binding reaction mixtures were mixed with 1 4l of 97% glycerol.
1% Bromophenol blue and subjected to electrophoresis on a low-
crosslinked 4% polyacrylamide gel (acrylamide/bisacrylamde 60:1)
containing 8 mM Tris borate (pH 8.0) and 2 mM EDTA Electropho-
resis was carried out at 14 Viem; the gel was then transferred to filter
paper, dried and subjected to radicautography at ~70°C with an
mtensifying screen
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Fig. 1. Lung ribonuclease activity is induced by endotoxin treatment
of adult rats. In a filter-binding assay, *?P-labeled catalase cCRNA was
incubated for 30 min at 25°C with lung extract from adult rats killed
one hour after intraperitoneal injection of endotoxin (500 ug/kg
lipopolysaccharide from Salmonella typhimurium). After incubation,
trichloroacetic acid (TCA) was added to a final concentration of 10%,
the samples were filtered onto Whatman GF/C filters and counted in
optiftuor-o (Packard). Data are expressed as dpm of TCA-precipitated
probe as a function of lung extract protein (log ng). Open circles show
the protection against loss of TCA-precipitable probe when lung ex-
tract from endotoxin-treated rats was preincubated for 30 min at 25°C
with 40 U of RNase inhibitor, RNasin (Promega); solid circles show
the loss of TCA-precipitable probe when lung extract from endotoxin-
treated rats was preincubated m the same manner but without the
RNase inhibitor,

3. RESULTS AND DISCUSSION

Incubation of lung extract from endotoxin-treated
rats with *P-labeled catalase cRNA (probe) resulted in
a dose-dependent loss of trichloroacetic acid (TCA) pre-
cipitable probe in a filter binding assay (slope = 0.253,
ug protein vs. TCA precipitable dpm). Preincubation of
these lung extracts with the RNase inhibitor, RNasin
{Promega), completely blocked loss of the probe (Fig.
1). When extract from saline-treated rats was used in the
filter binding assay, we did not detect any RNase activ-

-
Fig. 2. Elmination of rat lung catalase RNA-protein binding by
endotoxin treatment is prevented by RNasin. (A) We used a gel mobil-
ity shift assay to assess the binding of lung protein to a catalase cCRNA
probe. Radioautography demonstrated RNA-protein complexes (ar-
rows) were present when 30 ug of lung proten extract from saline-
treated rats was incubated with ¥P-labeled catalase cRNA probe (S,
lane 1) but were absent when 60 ug lung extract protein from adult
rats given endotoxin {500 ug/kg) was assayed (E, lane 2). Complex
formation was eliminated when lung extract from saline-treated rats
was pretreated for 30 min at 25°C with 60 ug of protein extract from
endotoxin-treated rats (S + E, lane 3). The endotoxin-induced inhibi-
tion of complex formation was blocked by pre-incubation (30 mun at
25°C) of the lung extract from endotoxin-treated rats with 40 U of
RNase mbhibitor, RNasin (S + E + RNasin, lane 4). (B) Catalase
RNA- protein complexes were formed when 30 ug of lung extract
protein from a saline-treated adult rat was used in the gel mobility shift
assay (S, lane 1). Complex formation was absent between catalase
RNA and lung extract from an adult rat given endotoxin (500 ug/kg)
one hour before being killed (E, lane 2). Complex formation was
ehiminated in a dose-response manner when the binding reaction was
performed after pretreatment of 30 ug S extract protein with 3, 10, 20,

30, 40 and 50 ug of E extract protein, lanes 3 to 8, respectively.
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ity (slope=+ 5.7, ug protein vs. TCA-precipitable
dpm). These results indicate that endotoxin treatment
activated or induced the synthesis of an RNase that is
inhibitable by RNasin, an RNase inhibitor of eukar-
yotic RNases of the neutral type; RNasin inhibits
RNases A, B and C but not RNase T1, S1 nuclease,
RNase from Aspergillus or RNase H [3].

Rat lung contains a protein that interacts specifically
with catalase mRNA to form RNA-protein redox-sensi-
tive complexes [2]. The endotoxin-induced RNase activ-
ity was manifest as a loss of catalase mRNA-protein
binding due to the degradation of the *P-labeled RNA
probe used in the gel shift assay. This loss of probe and
its retention by preincubation with RNasin was associ-
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Fig. 3. Characterization of the elimination of rat lung catalase RNA-
protein binding by endotoxin treatment. Catalase RNA—protein com-
plexes were present when lung extract from a saline-treated adult rat
was used in the gel shift assay (lane 1) but were absent when lung
extract from an endotoxin-treated rat was used (lane 2). Lung extract
protemn (30 ug) from a saline-treated rat was pretreated for 30 min at
25°C with 60 ug of lung extract protem from endotoxin-treated rat
(lane 3), endotoxin-extract dialyzed using dialysis tubing with a cut-off
range of 6000-8000 molecular weight (lane 4), endotoxin extract
boiled for S min (lane 5), or endotoxin extract treated with phenol/
chloroform to isolate the nucleic acid fraction (lane 6).

ated with the absence and presence, respectively, of cat-
alase mRNA-protein complexes (Fig. 2A). Further-
more, when lung extracts from saline-injected rats were
incubated with extracts from endotoxin-injected rats,
complex formation could be eliminated in a dose-de-
pendent manner (Fig. 2B). This inhibitory action on
RNA-protein complex formation of lung extract from
endotoxin-treated rats was not lost by dialysis (6000
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8000 M, cut-off) but was lost by boiling (Fig. 3). The
nucleic acid fraction of the extract from endotoxin-
treated rats did not cause inhibition of the binding activ-
ity indicating that a ribozyme is not likely to be respon-
sible for the RNase activity (Fig. 3). From these data we
conclude endotoxin treatment induces ribonuclease ac-
tivity; a consequence of RNase induction is an interfer-
ence with the ability to test for catalase RNA-binding
protein in lung extract from endotoxin-treated rats un-
less 2 RNase inhibitor is included in the binding reac-
tion. This observation indicates caution must be exer-
cised when using tissue extract from endotoxin-treated
rats in molecular biological analysis.

From a physiological point of view, we suggest that
the induction of endotoxin of ribonuclease activity is a
mechanism by which cells could alter gene expression
to meet an environmental challenge. That selective-ri-
bonuclease induction by endotoxin may provide a
mechanism to respond to environmental challenges is
supported by the observation that in rats endotoxin
treatment causes a rapid fall in the concentration of
hepatic albumin mRNA but an increase in the hepatic
mRNAs for two acute-phase proteins, al-acid
glycoprotein and a2-macroglobulin [4]. It will be impor-
tant to determine if induction of ribonuclease activity is
a general mechanism to selectively modulate gene ex-
pression by enhancing synthesis of proteins needed to
meet bacterial and other environmental challenges.

Acknowledgements This work was supported by a grants from the
National Institutes of Health (HL-20366 and HL-47413) and the
American Lung Association. L.B. Clerch 1s a Parker B. Francis Fellow
in Pulmonary Research. D. Massaro 18 Cohen Professor at Geor-
getown University.

REFERENCES

[1] Raetz, C.R.H. (1990) Annu. Rev. Biochem. 59, 129-170.

[2] Clerch. L.B. and Massaro, D. (1992) J. Biol. Chem. 267, 2853~
2855.

[3] Blackburn, P. and Moore, S. (1982) in. The Enzymes, Vol XV,
Part B (Boyer, P.D., Ed.) pp. 317--433, Academic Press, NY.

[4] Sharma, R.J., Macallan, D.C . Sedgwick, P.. Remick, D.G. and
Griffin, G.E. (1992) Am J Physiol. 262. R786-R793.



