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ABSTRACT

RNase L is the 2 ',5'-oligoadenylate (2—-5A)-dependent
endoribonuclease that functions in interferon action
and apoptosis. One of the intriguing, albeit unexplained,
features of RNase L is its significant homology to
protein kinases. Despite the homology, however, no
protein kinase activity was detected during activation
and RNA cleavage reactions with human RNase L.
Similarly, the kinase plus ribonuclease domains of
RNase L produced no detectable protein kinase
activity in contrast to the phosphorylation obtained
with homologous domains of the related kinase and
endoribonuclease, yeast IRE1p. In addition, neither
ATP nor pA(2 'p5'A)3 was hydrolyzed by RNase L. To
further investigate the function of the kinase homology

in RNase L, the conserved lysine at residue 392 in
protein kinase-like domain Il was replaced with an
arginine residue. The resulting mutant, RNase L k3g2R,
showed >100-fold decreases in 2-5A-dependent ribo-
nuclease activity without reducing 2—-5A- or RNA-binding
activities. The greatly reduced activity of RNase L  kag2R
was correlated to a defect in the ability of RNase L to
dimerize. These results demonstrate a critical role for
lysine 392 in the activation and dimerization of RNase L,
thus suggesting that these two activities are intimately
linked.

INTRODUCTION

can be mediated by just the last three ankyrin repeats (7). The
ribonuclease domain present in the C-terminal half is homologous
with the ribonuclease domains 8accharomyces cerevisjae
Caenorhabditis elegareandHomo sapien$orms of the kinase/
endoribonuclease, IRE1lp, which functions in the unfolded
protein response {+14).

In addition to their homologous ribonuclease domains, IRE1p and
RNase L share significant protein kinase homology. Howetde w
IRE1lp is an established protein kinase, the possible kinase
function of RNase L is unknow(d3,15,16). Protein kinadie
domains Il, VI and VII, are conserved in both murine and human
RNase L, but several highly conserved protein kinase residues are
absent in RNase L (1,14,17). For example, ypeal domain |
sequence, GXGXXG, is not present in RNase L; in domain VII,
kinase motif DFG appears as DFD in RNase L; in matif IX, an
invariant aspartate is replaced with an arginine; and in motif XI,
a conserved arginine is present in the human but not in the murine
form of RNase L.

Protein kinase domain Il contains a critical conserved lysine
residue that functions in binding to th@ndp phosphoryl groups
of ATP (18,19). Sulitution mutations of the conserved lysine in
domain Il with arginine typically results in partial or complete
loss of kinase activitf19-21). Therefore, to inveégate the
significance and function of the protein kinase homology in
RNase L, we replaced the conserved lysine in protein kinase
domain Il at residue 392 with an arginine. The resulting mutant
RNase Ik3goris defective for the ribonuclease and dimerization
activities of RNase L, indicating a critical role of lysine 392.
However, no protein kinase or ATP/2-5A hydrolysis activities

RNase L is a regulated endoribonuclease which functions in thé&re detected in reactions with wild type RNase L. These studies
antiviral and antiproliferative activities of IFNs and in multiple thus demonstrate a divergent, alternative function for a common
apoptotic pathway&l—6). In its néive state, the N-terminal half Protein kinase motif.

of RNase L functions as a repressor of the ribonuclease domain in

the C-terminal half (Fig. 1A) (7). Upon binding to 2-5A moleculesMATERIALS AND METHODS

such as pA(P5A)3, the inactive monomeric form of RNase L is c
induced to dimerize into its catalytically active form (8—10). The
N-terminal repressor half of RNase L contains nine ankyrin repeafSite-directed mutagenesis involving overlapping polymerase
implicated in mediating protein—protein interactions, and a repeatetiain reactions (PCR) was used to construct RNasek(22).
P-loop motif, GKT, implicated in 2-5A bindinfl,2,7). The Sense and antisense primers corresponding to RNase L nt
2-5A binding function of RNase L requires the ankyrin repeat$165—-1186 (where 1 is the first coding nucleotide), with an A1175
including the conserved P-loop motif lysines 240 and 274 in the G1175 mutation in the coding strand and the complementary
seventh and eighth ankyrin repets). The repressor futien  change in the non-coding strand, resulted in an arginine codon,

onstruction of RNase Ik3gor
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Figure 1.RNase L activation does not require kinase actiity.fiagram of RNase L showing regions of homology with protein kinases and IRE1p and showing
the sequence that includes the K to R mutatBnGST-Irelp(k+t), GST-RNaseyhazs GST-RNase L and RNase L were incubated wif#P]ATP with (+) or

without (=) pA(2p5'A)3, Uzsor MNCh. An autoradiogram of the dried SDS—polyacrylamide gel is shown. The positions of the proteins (arrows) and molecular weigh
markers (in kDa) are indicatedC) Coomassie blue staining of the proteins is shown.

AGG, in place of a lysine codon, AAG, at codon 392. Two DNAExpression and purification of RNase L and RNase k3gor

fragments, A and B, with overlapping ends were produced in the

first round of PCR. Fragment A was made with thed@nple-  Briefly, cDNAs for wild type RNase L, RNase&ggor or RNase

mentary primer: 5CAC AGA ACG TCCTCA CAG CTAC-3  Lgrsgokin vector pGEX-4T-3 were transformed ifigscherichia

and a 5primer with the RNase L sequence from nt 661 to 67&oli strain DH®. The glutathioneStransferase (GST) fusion

Fragment B was with the’-Bomplementary primer:'85TA  proteins were expressed and purified by binding to glutathione—

GCT GTG AG5 ACG TTC TGT G-3and a 3primer with the  Sepharose 4B (Pharmacia, Piscataway, NJ), washing, and eluting

RNase L sequence from nt 1694 to 1671. These fragments war€0 mM glutathione, 50 mM Tris—HCI, pH 8.0 as described (7).

isolated from agarose gels and used as both templates and printeqsression and purity of the protein preparations were determined

in the second round of PCR with the same outside primers uskg SDS—PAGE with Coomassie blue staining and by western

in the first round PCR. The overlapping ends annealed allowirgots probed with monoclonal antibody to RNase L (8).

the 3 overlap of each strand to serve as a primer for the 3

extension of the complementary strand. The extended DNA

product was further amplified by PCR using the outside primer&ssays for protein kinase activity

The final PCR product with the mutated sequence was subcloned to

vector containing wild type RNase L cDNA, pGEX-4T-3/pZC5,GST-Irelp(k+t) which contains kinase and C-terminal nuclease

with Ncd andDralll restriction enzymes. domains (a kind gift from M. Niwa and P. Walter, UCSF) (12),
As a control, RNaseyzgor Was reverse mutated to wild type GST-RNase ka33s (7), RNase L (non-fusion protein from

RNase L using a similar procedure with a pair of complementatyaculovirus)(23) and GST-RNase L (7) (O\BV each) were

primers containing the wild type sequence, A1175, instead @fcubated with fICi of [y-32P]ATP in 20ul of kinase buffer (12)

G1175. The final PCR product was cloned into the vectoor kinase buffer plus 2 mM Mngin the presence or absence of

containing the RNasexzgor mutation. The wild type enzyme 0.1uM pA(2'p5A)3 or 80 nM Us at 30°C for 30 min. Proteins

generated by this method is referred to as RNagg-ok The were separated on SDS—polyacrylamide gel and autoradio-

sequences of the mutant and reconstructed wild type RNasegtaghy was done. Proteins |{§) were run on separate SDS—

cDNAs were confirmed by DNA sequencing. polyacrylamide gels and stained with Coomassie blue.
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Incubations with 32pA(2'p5'A), Lk3gor Were preincubated with and without 2@M of
pA(2'p5A)3onice for 30 min (26). &action mixtures containing

32pA(2p5A)2 was prepared by incubating 1 mM Af8A)> 0, 10, 30 and 100 nM GST—RNase L or GST-RNaggigwere
(Sigma Co., St Louis, MO), 12i of [y-32P]ATP (3000 Ci/mmol,  further incubated with 80 nM 4g-[32P]pCp in the presence or
DuPont NEN, Boston, MA) and|8 of T4 polynucleotide kinase absence of M pA(2'p5A)3 in buffer A for 0, 3, 10 and 30 min
in 50l reaction buffer (Gibco BRL, Gaithersburg, MD) af87 at 3C°C. Portions of each reaction sample were analyzed in
for 90 min. The3%pA(2p5A), was purified by HPLC as sequencing gels to measure the extent of RNA degradation and
described (24). The purifiédpA(2' pSA), (3000 Ci/mmol) was by western blots to monitor GST-RNase L degradation. The
observed to bind to RNase L in a radiobinding filter ag88).  amounts of intact kk-[32P]pCp remaining after the incubations
To determine if 2-5A was hydrolyzed during RNA cleavagavas determined from autoradiograms of the dried gels with a
reactions, GST-RNase L () or BSA (2ug) was incubated Sierra Scientific high resolution CCD camera (Sunnyvale, CA)
with 0.6 NM32pA(2'pSA)2 (0.2uCi) with or without s (80 nM)  and the computer program, NIH Image 1.6. The western blots
in 100l buffer A (20 mM Tris—HCI, pH 7.5, 10 mM magnesium were probed with monoclonal antibody to RNase L (8).
acetate, 8 mM 2-mercaptoethanol, 90 mM KCI, 0.1 mM ATP,
10pg/ml leupeptin) at 30C for 15 min. The reactions were
boiled for 3 min, centrifuged at 16 76@or 5 min, and 5@ was  2-5A binding activity assays
injected into an HPLC Aquasil C18 column (Keystone Scientific
Inc., Bellefonte, PA). The material was eluted in 50 mMA 32P-labeled and bromine-substituted 2-5A analog,
ammonium phosphate, pH 6.0, with a 20-50% gradient of 11A(A2'p)x(br8A2p),A3'[32P]pCp, (the unlabeled 2-5A derivative
methanol:H0 in 25 ml at 1 ml per min. The radioactivity in the was a kind gift of P. F. Torrence, NIH) was crosslinked to
fractions was determined by liquid scintillation counting. GST-RNase L and GST-RNasgsbzr (10pg each) under UV

To determine if the 'Sphosphoryl group of 2-5A can be light (24). The RNase L fusion proteins were incubated with the
transferred to GST-RNase L, GST-RNaggobr or RNase L probe (0.3.Ci; 3000 Ci/mmaol) in 50@u of buffer A on ice. After
(not a fusion protein) Jug each was incubated with 0.6 nM 5, 15 and 45 min of incubation on ice, | B@&liquots were placed
purified 32pA(2'p5A)5 (0.4uCi) with and without ATP (10 nM)  under 308 nm light on ice for 5, 15 or 45 min. Protein separation
in 20l of buffer A on ice for 15 min or at 3@ for 15 min. The was by electrophoresis on SDS-8% polyacrylamide gels followed
proteins were separated by SDS—PAGE and the dried gels wéeautoradiography of the dried gels.
placed with X-film. To determine if 2-5A transferred phosphoryl
groups to RNA cleavage products, 80 nM unlabeled whs o
incubated with 0.6 NN2pA(2'p5A), (0.4pCi) and GST-RNase RNA binding assay
L (0.1pug) in 20pl of buffer Aat 30C for 0, 2, 5 and 15 min. The

RNA was separated in 20% polyacrylamide—8% urea gels afi@y(U)-Sepharose 4B, {of a 60% v/v suspension containing
exposed to X-ray film for autoradiography. 0.5 mg poly(U)/ml with(1LOO uridy! residues/chain (Pharmacia

Biotech, Piscataway, NJ), or 10 of a 20% v/v glutathione—
Sepharose 4B suspension was added tpgh0f cell extracts
Assays for ATP hydrolysis containing GST fusion proteins in PBS-C (PBS with 10%
glycerol, 0.1 mM ATP, 5 mM Mg@| 14 mM 2-mercaptoethanol
[a-32P]ATP (0.1uCi) was incubated in the absence or presencand 1 ug/ml leupeptin). Reactions were incubated at room
0f 0.2, 0.1 and 0.03M GST-RNase L. Assays containing 10 nMtemperature for 20 min with shaking and gentle vortexing every
PA(2p5A)2 and 80 nM Ys in 10l of buffer A were at 30C 5 min. The bound proteins were washed three times with 0.3 ml
for 30 min. One microliter of each reaction and0.6f 20 mM  PBS-C, eluted in SDS—gel sample buffer with boiling for 5 min,
unlabeled ATP, ADP and AMP as markers were spotted to TL&eparated by electrophoresis on SDS-8% polyacrylamide gels,
plates of polyethylenimine cellulose on polyester (Sigma). Platésinsferred to nitrocellulose membrane, and probed with monoclonal
were rinsed in distilled water, dried and developed in 2 Mntibody to human RNase L (8).
Tris—HCI, pH 8.7, for 90 min. The markers of ATP, ADP and

AMP were visualized under UV light and tre-32P]ATP was _ _
visualized in autoradiograms. RNase L-RNase L interaction assays

Cell extracts (10Qug of protein) containing GST—RNase L,
Ribonuclease assays GST-RNase k3gor and GST-RNaselzgok were incubated

with 60ug of extract containing recombinant, non-fusion human
A chemically-synthesized oligouridylic acid, o4) (Midland  recombinant RNase L produced in insect c€li8) in the
Certified Reagent Co., Midland, TX) was labeled at'#&i@ninus  presence and absence of gaBA)3 (4 uM) in buffer A on ice
with 5-32P-pCp (3000 Ci/mmol) (Du Pont NEN) with T4 RNA for 1 h. Subsequently, bovine serum album (2g0and 5ul of
ligase (Gibco BRL). The 4$[32P]pCp, 80-160 nM, was 20% v/v glutathione—Sepharose 4B were added and the mixtures
incubated with different amount of purified GST fusion proteinsvere incubated with shaking at room temperature for 20 min with
of RNase L, RNaseudggor 0r RNase kagokin the presence and gentle vortexing every 5 min followed by washing three times
absence of 100 nM of pAf&B A)3 in 20l of buffer Aat 30C  with 0.3 ml of PBS-C. The bound proteins were eluted in
for 30 min. Reaction mixtures were heated to°@fdr 5 minin  SDS—gel sample buffer with boiling for 5 min, separated by
loading buffer and RNA and RNA degradation products werelectrophoresis in SDS—8% polyacrylamide gels, transferred to
separated in 20% polyacrylamide—8% urea sequencing gels (7). rirocellulose membrane and probed with monoclonal antibody
the kinetics analysis, purified GST-RNase L and GST-RNage human RNase L (7,8).
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kinase activity, a series of experiments was performed with

[y-32P]ATP (Fig. 1 and data not shown). For comparison, GST " A= 11|

linked to the kinase plus ribonuclease domains of yeast IRE1| i

was included in the analysis (Fig. 1B, lanes 1 and 7). Autophos

phorylation of IRElp(k+t) was demonstrated as described

previously(12). In @ntrast, no kinase activity was observed with E £ sy 4

a homologous region of human RNase L in GST-RNagg3ks ¢
eesssssrsssssssenns

(lane 2) (7). Furthermore, GST-RNase L, and RNase L whict
was not a fusion protein also lacked kinase activity in these assay
(lanes 3-6 and 8). There was no kinase activity from RNase |
even in the presence of 2-5A and an RNA substrate. Addition o
manganese, which can stimulate some protein kinases, also hi v
no effect (lanes 7 and 8). RNase L activity was demonstrated il
separate reactions with radiolabeled RNA, thus demonstrating th
ribonuclease activity does not involve or require kinase activity
(data not shown). Staining of aliquots of the proteins used for thit
experiment showed a high degree of purification (Fig. 1C).

In addition, there was no detectable hydrolysisiet{P]ATP
to ADP or AMP by GST—RNase L incubated in the presence ol
absence pA(P5A)3 and Us as determined by thin layer
chromatography (Materials and Methods; data not shown). Tt
rule out the possibility that phosphorylation was not necessar
because of prioin vivo kinase activity, GST-RNase L was
immobilized and treated with bacterial alkaline phosphatase.
However, the phosphatase-treated RNase L showed undiminished

2—5A-dependent “bonUCI.ease activity (data_ not Sh_OWh). _“?:igure 2. Kinetics of RNA cleavage activites of GST-RNase L and
addition, no phosphorylation was detected in reactions withssT_RNase kagor (A) RNase L and RNasexboor pre-incubated in the
[y-32P]ATP containing both RNase L and RNaggdor(datanot  absence (-) or presence (+) of pA2A) 3 were incubated with k4[32P]pCp
shown). for 0, 3, 10 and 30 min as indicated. An autoradiogram is shByih¢ intact

; ; . ; ; RNA, Uos[32P]pCp, remaining after the incubations in the presence of
The possible hydrolysis of 2-5A by RNase L was |nvestlga'[edlf.)A(z,ps,A)3With 101M ). 30nM @) and 100 1M &) of GST-RNase L and

A radiolabeled 2.—5A,32pA(2'p.5'A)2, was analyzed by HPLC 109 h\ (v) GST-RNase ksozr of in the absence of pA(BA)s with
before and after incubation with RNase L or with bovine serumioo nM @) of GST-RNase L or 100 nM7) of GST-RNase ksgor Was
albumin as a control (Materials and Methods). The HPLC profilemeasured from the autoradiograms and expressed as a percentage of the input
of 32pA(2'p5A), incubated with either of the two proteins amount of intact RNA.
indicated that there was no hydrolysis or modification of the
oligoadenylate (Materials and Methods, and data not shown). In
addition, neither RNase L nor the cleavage productsovds
labeled during the incubation with the 2-5A probe. Thes80 min of incubation (Fig. 2A, lane 14, and B). In contrast, 30 min
experiments indicate that RNase L activation and ribonucleaggubations with 100 nM of GST-RNasgdgorin the presence
activity does not involve or require kinase activity. of pA(2p5'A)3 caused only a 40% decline in levels of intact RNA
(Fig. 2A, lane 18, and B). Therefore, RNasgdqr retains <1%
Lysine 392 in protein kinase-like domain Il is essential for ~ ©f the activity of the wild type enzyme (the activity of 10 nM of
RNase L activity wild type RNase L for 3 min exceeded that of 100 nM of RNase
Lk392r for 30 mln).
To determine the function of protein kinase-like domain Il in To verify that the Lys to Arg mutation was responsible for the
RNase L, the conserved lysine residue at position 392 waefect, the single nucleotide change in RNaggir cDNA was
replaced with an arginine. GST—-RNase L and GST-RNasm®nfirmed by DNA sequencing. In addition, a wild type enzyme was
Lk3gor Were compared for their abilities to degradereconstructed from RNasegor by site-directed mutagenesis to
Uos[32P]pCp (Fig. 2). The RNase L fusion proteins werean enzyme with the original wild type sequence, RNaggx.
pre-incubated in the presence or absence of a relatively highe reconstructed wild type enzyme had comparable activity
concentration of pA(P5A)3 (20uM) on ice for 30 min to allow  with original wild type RNase L as determined in assays in which
the activator to bind to the protg[@6). After 3 min at 30C in  RNA degradation was determined as a function of protein
the presence of pA(@5A)3 and 10 nM of GST-RNase L there concentration (Fig. 3). In this experiment, no ribonuclease
was no intact RNA detected, only cleavage prodg6tsit in  activity was detected using RNasesbor, perhaps due to the fact
length (Fig. 2A, lane 3, and B). In the absence of [p&82)3, that pA(2p5A)3 was not pre-incubated with the enzyme but
even 100 nM of GST-RNase L failed to degrade the RNA aftexdded only at the beginning of the RNA cleavage reactions.

RNA remaining, %

Tima (min.}
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aliquots of the assay shown in Figure 2, lanes 10-19.
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Figure 5. 2-5A binding activities of GST-RNasg4gor and GST-RNase L
incubated with p(AD),(br8A2'p),A3'[32P]pCp for 5, 15 and 45 min (labeled
Figure 3. RNA cleavage activity of RNaserbgok. (A) The RNA cleavage in figure as ‘Time with 2-5A probe’) followed by exposure to UV light for 5,
activities of GST-RNase L, GST-RNasesbor and GST-RNaserdzgok at 15 or 45 min (labeled as ‘Time under UV’). The protein markers are indicated
different concentrations were compared in the absence (-) or presence (+) ofo the right.
100 nM pA(2p5A)3. The intact RNA, Ys[32P]pCp, is indicated with an
arrow. An autoradiogram is showrB)( The intact RNA, Us[32P]pCp,
remaining after incubations with GST-RNasgdor (W), GST-RNase L«) sensitive site in the protein resulting in labeling of both intact

and GST-RNasef3zgok (A) was measured from t_he autoradiograms and GST—-RNase and a breakdown polvpenptide [0 kDa

expressed as a percentage of the input amount of intact RNA. (Fig. 5 arrow§)3?f—lRowever when the rgla¥5epsignas in the two
bands were added together, it was apparent that the 2-5A binding

o o ) activity of GST-RNase jkzg9or Was not reduced compared with
_To rule out the p055|_blllty that the substitution c_)f lysine 393hat of GST—RNase L (data not shown).

might cause the protein to be less stable, protein levels wererg determine if RNasedsgzrretained the ability to bind RNA,

monitored by western blots probed with monoclonal antibody tghe wild type and mutant proteins were immobilized on

human RNase L (Fig. 4). However, in reactions containingoly(U)-Sepharose and, for comparison, on glutathione—Sepharose

100 nM of protein, GST-RNase L appeared slightly less stabgjg. 6). RNA binding activities were observed with both proteins

than GST-RNasedsgzr There was only minimal breakdown of (Fig. 6, lanes 2 and 4). These results showed that the mutation of

GST-RNase k3gzrafter 3 min of incubation, a time at which the Ié/sine 392 does not significantly impair RNA binding activity.

RNA was almost completely degraded by GST-RNase L (Fig. 2,

lane 11)'. Therefore, th.e lack of ribonuclease activity of GST-RNas@, tation of lysine 392 resulted in a defect in the ability of

Lk3g2ris not due to its enhanced breakdown. The western bl@ﬁ\lase Lagzr to associate with RNase L in the presence of

shown was performed on aliquots of the same RNA decay assays 5

as in Figure 2.
The activation of RNase L by 2-5A is accompanied by the

2-5A- and RNA-binding activities of RNase L and induction of homodimers of the enzyifte-10). To determine if
RNase LkagzRr the substitution of lysine 392 with arginine affected the ability to
dimerize, GST-RNase L fusion proteins were incubated with

The cause of the defect in the ribonuclease function of RNaséld type RNase L (not a fusion protein), in the presence or
Lk3g2r Was investigated. The 2-5A binding activity of GST—absence of pA(R5A)3 (Fig. 7). After immobilization on
RNase Ixzgor Was determined by crosslinking t6%°-labeled  glutathione—Sepharose, the bound RNase L (at 83 kDa) was
and bromine substituted 2—5A analog under UV [[g#). These observed and could be distinguished from GST—RNase L (at
assays indicated that GST-RNaggdzr was able to bind with 109 kDa) in western blots probed with monoclonal antibody to
the 2-5A probe (Fig. 5). However, the mutation created a UWuman RNase L. A 2-5A dependent binding of RNase L to wild
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Figure 7. RNase Ik3goRr is defective for dimerization. GST-RNase L,
GST-RNase k3gok and GST-RNase dzgor Were incubated with native
i o . human RNase L in the presence and absence of@¥23. Analysis of the
Figure 6. RNA binding activity of GST-RNasexigor and GST-RNase L. glutathione—Sepharose bound proteins was by SDS—PAGE and western blot
Proteins were bound to poly(U)-Separose (polyU) or glutathione—Sepharosegnalysis probed with monoclonal antibody to RNase L. The positions of native
(Glu) and measured by probing western blots with a monoclonal antibody to RNase L (arrow) and the molecular weight marker proteins are indicated.
human RNase L. The positions of the molecular weight markers (in kDa) are
indicated.

type GST-RNase L and the reconstructed wild type GST-RNabeman IRElp is catalytically inactive and functions as a
Lr3gokx Was observed (Fig. 7, compare lanes 2 and 3, and 4 and@)minant negative mutant. A mutation to arginine of the domain
In contrast, GST-RNaseckgor failed to bind to RNase L in the 1l lysine in S.cerevisiad RE1lp reduced the unfolded protein
presence or absence of paRA)3 (Fig. 7, lanes 6 and 7). These response ta25% of the wild type level (15,16). It wasggested
same results were reproduced in seven separate experimefitel the lysine to arginine mutation in yeast IRE1p probably
Therefore, the defect in the ability of GST-RNagedakto bind  decreased its kinase activity to very low, undetectable IEM&)s

with RNase L correlated with its lack of ribonuclease activity. The yeast IRE1p amino acid sequence between domains VIl and
VIIl, which contains the serine phosphorylation sites, is not
conserved in RNase L. Therefore, while the domain Il is essential
DISCUSSION for both IRE1p and RNase L activities, the particular role of the

We have determined a critical and unexpected role for protelySin€ in catalysis appears to have diverged. The conserved lysine
kinase-like domain Il in the dimerization and activation of RNas&® N€c€ssary for_dlmerlzathn of RNase L while in IREIp it
L. The significance of the resemblance of RNase L to proteiffnctions in the kinase reactions. .
kinases has remained unknown since the time it was initially Mutation of lysine 392 with arginine resulted in >100-fold
recognized (1). The domain Il lysine is conserved in proteif(ecr_ease in RNase activity and a defect in the ability of RNase L
kinases where it functions in bindingand@ phosphoryl groups  ° oligomerize in response to 2-5A binding (Figs 2, 3and 7). The
in MgATP (reviewed in 19). Mutations of the lysine in domain II!OSS of activity was not (_jue to tr|V|aI. explapatlons sut_:h as an
to arginine typically leads to partial or complete losses of kinaégc_reased rate ,Of protein_degradation (Fig. 4).' Neither the
activity (16,19-21). Apparaly, RNase L evolved, at least in activator, pA(ZpSA)3, nor ATP was hydrolyzed during the RNA
part, from a protein kinase. In this regard, the homology in thgegradatlon reaction catalyzed by RNase L. The_ role of 2-5A is
protein kinase and ribonuclease domains of RNase L with the yedSESUmably to induce a conformational change in RNase L that
C.elegansnd human forms of the kinase/endoribonuclease, IRE 1HNMasKS the protein—protein interaction and ribonuclease domains.
suggests an evolutionary relationship between these proteifs! findings show acritical role for lysine 392 in the dimerization
(12,13). Adivation of both IRE1p and RNase L are believed toanc.j activation c.)f.RNase L, thus providing support for.a model in
be accompanied by oligomerization, although IRE1p is activatefflich these activities are linked. The domain Il lysine in RNase L
in response to unfolded proteins in the endoplasmic reticulum afif"Vo!ved in generating the catalytic form of the enzyme, but its
is accompanied by transphosphorylation and site-specific cleava®e® clgarly differs from that of protein kinases. Neyertheless, the
of Hac1 mRNA. In contrast, RNase L activation by 2-5A was napTiarities between RNase L and the IRE1p proteins suggest that
accompanied by autophosphorylation (Fig. 1). However, whild!€y &€ members of the same family of enzymes. These proteins
we have thus far been unable to detect any kinase activity froppParently diverged to acquire separate enzymatic and biological
RNase L, it is difficult to completely rule out that the enzym unctions. Comparative studles_; should provide further |n5|g_ht
could have kinase activiip vivo. Nevertheless, the absence ofinto the mechanisms and functions of these regulated endoribo-
several highly conserved residues of protein kinases in RNasenECIeases'
makes such a possibility seem unlikely at pregém). The
protein kinase homology region is not involved in 2—5A bindinfcACKNOWLEDGEMENTS
because an isolated N-terminal half of RNase L, lacking the entire . .
kinase-like region, binds 2-5A nearly as well as the complet®e_thank M. Niwa and P. Walter (UCSF) for the gift of
protein (1,7). In ddition, RNase kagor is capable of binding GST-lIrelp(k+t), P. F. Torrence (NIH) for the. bromine derivative
2-5A, RNA and ATP (Figs 5 and 6, and data not shown). of 2—5A an(_j A..Zhou (Cleveland) for preparing the 2-5A pro_be.
The domain Il lysine in IRE1p is essential for protein kinasd Nis investigation was supported by a grant from the United
activity and endonuclease activities as determined by mutatioréates Public Health Service, Department of Health and Human
to arginine or alaningl3,16,21). The lysine to aime mutant of ~Services, National Cancer Institute (CA 44059).
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