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ABSTRACT The present paper investigates and compares the RNA
hydrolyzing activity of IgG from sera of SLE and hepatitis B
lgG purified from sera of several patients with systemic patients. The antibodies present two types of activity, one
lupus erythematosus and hepatitis B are shown to revealed in low salt conditions and another that can be specifically
present RNA hydrolyzing activities that are different stimulated by magnesium ions. Antibodies purified from healthy
from the weak RNase A-type activities found in the sera donors and used as controls also present RNA hydrolyzing
of healthy donors. Further investigation brings evidence activities, but of an RNase A specificity and of weak amplitude.
for two intrinsic activities, one observed in low salt Using one IgG sample from an SLE patient, we demonstrate that
conditions and another specifically stimulatedby Mg~ 2*  RNase activity is an intrinsic property of the antibodies. Utilizing
ions and distinguishable from human sera RNases. three couples of related tRNAs, already well characterized for
Cleavage of RNA substrates by the latter activity is not their faint or large structural differences by classical structural
sequence-specific but sensitive to both subtle investigations, we show that the activity of the antibodies is sensitive
conformational and/or drastic folding changes, as to RNA conformation, as evidenced by adequately different
evidenced by comparative analysis of couples of cleavage patterns. This characterization of an antibody-associated
structurally well-studied RNA substrates. These include RNase activity sensitive towards conformational differences in
yeast tRNAASP and its in vitro transcript and human tRNA substrates opens the possibility of development of a new
mitochondrial tRNA  LYS-derived invitro transcripts. The generation of tools allowing structural investigation of RNAs, based
discovery of catalytic antibodies with RNase activities on creation of monoclonal antibodies displaying these activities.
is a first step towards creation of a new generation of
tools for the investigation of RNA structure. MATERIALS AND METHODS

Chemicals, enzymes and nucleic acids
INTRODUCTION

All chemicals were of high grade quality. Imidazole was obtained
In the last few years much interest has been devoted to tfiem Boehringer-Mannheim (Mannheim, Germany34P]JATP
investigation of catalytically active antibodies. Antibodies able t¢3000 Ci/mmol) and d-32P]JATP (3000 Ci/mmol) were from
catalyze a great variety of chemical transformations have bedmersham (Les Ullis, France). Bovine pancreatic ribonuclease
developed 1,2). This was done by immunization with haptens(RNase A) was from Boehringer-Mannheim, RNase T1 from
that resemble the transition state of reactions, a strategy that Nesrthington Biochemical Corp. (Freehold, NJ), bovine alkaline
its roots in the seminal contributions of Paulignd that was phosphatase (BAP) from Amersham and T4 polynucleotide
later developed by Jenk$)( The existence of catalytic human kinase from US Biochemical (Cleveland, OH). (ATP,CTP):tRNA
autoantibodies has been reported for a peptidase activity againgtleotidyltransferase frofascherichia colia gift of Dr Anne
vasoactive intestinal peptideés @nd for a DNA nicking activity Théobald-Dietrich (IBMC, Strasbourg, France), was prepared
in the sera of patients with systemic lupus erythematosus (SLE}cording to Cudny and Deutsch&g); Centricon-100 devices
(6). The latter antibodies, thought to be anti-idiotypes with theiwere from Amicon (Beverly, MA). Protein A—Sepharose was
active centers imitating those of nucleases, have been furtfesm Sigma (St Louis, MO) and Toyopearl HW55 fine from Toyo
carefully investigated7(8). More recently, it was shown that Soda (Tokyo, Japarih vitro transcripts of human mitochondrial
antibodies isolated from the sera of SLE patients and purifis®RNALYS (Kwt) and of two variants of this tRNA, designated
according to Shustet al (6) also possess an RNA hydrolyzing KMERRF and Krw (details in Discussion), were prepared as
activity (9). described previouslyi(). Yeast tRNASP and the corresponding
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in vitro transcript were gifts of Dr Anne Théobald-Dietrich 1 z 3

(IBMC, Strasbourg, France) and were prepared as desctifjed ( AT

Purification of antibodies

IgG were isolated basically as describe8).(Antibodies in 2 mi t .. A
of serum were precipitated three times with 40% saturated v

ammonium sulfate. This was followed by affinity chromatography s S 45 \Da
on protein A-Sepharose. Samples were loaded on the column S 35 kDa
(6.5% 30 mm) in 50 mM Tris—HCI, pH 7.5, 100 mM NacCl (buffer

A). The column was washed with 10 vol of the same buffer, then - B o o
with 2 vol of buffer A containing 1% Triton X-100, and again with

10 vol of buffer A. This procedure was repeated twice. Elution —
was performed with 100 mM glycine-HClI, pH 2.6. The fraction — — —14kDa

with high OD (00 ul) was loaded on a Toyopearl HW55 gel

filtration column (10x 600 mm, flow rate 15 ml/h). Fractions

corresponding by their molecular weight to IgG were collectedFigure 1. Purity of the SLE antibody preparation revealed on a SDS—poly-

immediately neutralized with 1 M Tris=HCI pH 10.0 and acr_ylam|d_e gel (10%)' und_e_r dissociating conditions (2-mercapt9ethanol)
. . ! ’ .~ stained with Coomassie brilliant blue. Lane 1, serum of SLE patient after

dialyzed a_lgamSt 500 vol of buffer A for 10 h. The protein precipitation with ammonium sulfate (1f; Materials and Methods); lane 2,

concentrations of these samples, as estimated by OD measuremeits(15 ug) isolated from this serum after three steps of purification (triple

at 280 nm (1 oD = 0.75 mg/ml protein), were typica_lly e_lmm_onium sulfate precipitati(_)n, protein A affinity chromatography, gel

[0.5-1 mg/ml. Samples were analyzed by SDS—PAGE, staingdration); lane 3, molecular weight markers.

with silver or Coomassie blue according to standard procedures

and kept at 4C until use. Specific full-strength antibody-associated

RNase activities appeared only 2-3 weeks after the antibo&ﬁ'fbsn"?‘te' Various salt conditions (N&Ig**) were as indica}e_d .
isolation procedure ir the figure legends. The reactions were stopped by precipitation

with 100 pl of 2% LiClO4 in acetone X6), centrifugation,
washing with 25Qul of acetone and dissolution of the pellets in
RNA cast gels 4 M urea, 0.025% bromophenol blue and 0.025% xylene cyanol.

RNA cast gels were performed basically as describédf).  Cleavage products were analyzed by electrophoresis on 15%
rRNA was added to the separating gel solution (10%), to a fin@@lyacrylamide—8 M urea gels (1500 V for 2-3 h). Assignment
concentration of 0.3 mg/ml, along with the customary reagenfd bands was performed by parallel runs of partial RNase T1 and
prior to polymerization. Samples (5—1f) were incubated at imidazole digests of the tRNAsL§) and quantification by
37°C for 20 min in SDS loading buffer and then fractionated b@nalysis on a Biolmaging Analyser (Fujix BAS 2000 system; Fuji
SDS-PAGE. After electrophoresis the gel was washed for 30 mighoto Film Co. Ltd, Tokyo, Japan).

in 50 mM Tris—HCI, pH 7.5, containing 30% isopropanol to

remove SDS and renature proteins, and then three times WRESULTS

50 mM Tris—HCI, pH 7.5. Subsequent incubatiorirf@ituRNA , ) . .
digestion was carried out for 14-24 h at@n the same buffer. |t has been shown in previous studies that human antibody

The gel was then incubated with ethidium bromide for residuddréParations from sera of SLE and viral hepatitis patients present
RNA staining. DNase activities §-8,17) and it has been reported that IgG

preparations exhibit RNase activit¥,13). In the present work

. . we investigated the RNase activity of highly purified antibodies
Radiolabeling of tRNAs isolated from the sera of patients suffering from SLE (eight
tRNASs, either of natural origin or preparedibyitro transcription, ~ patients) and hepatitis B (six patients). RNase activities were
were labeled at their'3or 5-ends according to established compared with those of healthy donors (three donors). The results
procedures 1?2). For 3-end-labeling, the last adenosine waspresented here consist of two parts.

exchanged for-32P]ATP withE.colitRNA nucleotidyltransferase. ~ Experiments described in the first part were designed to
For B-end-labeling, the non-labeled phosphates were firslemonstrate that the RNase activity is an intrinsic property of the
removed with BAP and then replaced witfP]ATP using T4 ~ antibodies and to exclude the possibility that any observed RNase
polynucleotide kinase. activity might stem from contamination of the antibodies by
RNases from human serum or might even stem from tightly
associated RNase—antibody complexes. For simplicity we will
only display experiments that were carried out with an antibody
Cleavage of tRNAs by purified antibodies or by RNase A wasample from the serum of one SLE patient (except ir2JFgith
carried out at 37C for 30 min in a final volume of 1@ in50 mM  controls from one healthy donor. We emphasize that all experi-
Tris—HCI, pH 7.5, in the presence of 0.1 mg/ml tRNA (50 00Gnents undertaken to prove the catalytic activity of IgGs from SLE
Cerenkov counts/sample). Concentrations of samples with RNgatients where also done for IgGs of healthy donors. Human
hydrolyzing activity were 0.2—0.5 mg/ml for antibodies fromserum RNases were already shown to have very much the same
healthy donors, 0.01-0.05 mg/ml for antibodies from patientsleavage specificity as RNase 26]. Therefore, RNase A was
with SLE or hepatitis B and 10> mg/ml for RNase A. These used in some control experiments, to simulate the behavior of a
concentrations produce cuts of the same intensity for a givgrossibly contaminating RNase from human serum.

Cleavage of tRNA by antibodies and nucleases
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o preparation.A) Assay for dissociation of putative contaminating RNases from
antibodies on Centricon-100. Stock solutions of antibodies (0.5 mg/ml) were
mixed with RNase A (& 10-4mg/ml) in 50ul, diluted up to 2 ml with 50 mM

) o o .~ Tris—HCI, pH 7.5, and centrifuged at 10§QAfter addition of 2 ml of buffer
Figure 2. Presence of RNase activities in human antibodies. Hydrolysis ang further centrifugation, the samplEQ pl) was recovered with invert

patterns of a'send-labeledh vitro transcript of human mitochondrial tRIN/& centrifugation at 306. The RNA hydrolyzing activity of this preparation (lane 4)
designated MERRF(nomencIature in text) by antibodies |s<_)|ated from various  ysing 3-end-labeled KIERRF as substrate was compared with that of the same
human sera. Autorodiography of a 15% polyacrylamide denaturing gel. mixiure of antibodies and RNase A not centrifuged on Centricon-100 (lane 3),
Lanes 1 and 2 and 3 and 4 correspond to cleavage patterns by two unrelategith untreated RNase A (lane 2) and with untreated SLE antibodies (lane 1). All
hepatitis B patients (H); lanes 5 and 6 and 7 and 8 to two unrelated SLE patientsaxperiments were performed as described in Materials and Methods, in the

lanes 9 and 10 to a healthy donor (hd). In lanes 1, 3, 5, 7 and 9 the hydrolysi$resence of 5 mM Mg@l Concentration of SLE antibodies was 0.02 mg/m.
has been performed in the absence of salts; in lanes 2, 4, 6, 8 and 10 it has beggne |, partial hydrolysis by imidazole; lane ¢, control (incubation of RNA

performed in the presence of 5 mM MgOReactions were carried out as  ithout antibodies) &) RNA cast gel. (a) RNase A (0.05) and (b) antibodies
described in Materials and Methods. Concentrations of antibodies from H and(5 |,g) were run in a 5-15% gradient polyacrylamide gel cast with high

SLE patients were 0.01-0.05 mg/ml and that of hd 0.2 mg/ml. Lane c is a controlmglecular weight RNA. SDS was washed from the gel as described in Materials
(incubation of RNA without antibodies). Cleavage positions within the tRNA 514 Methods and RNase activity promoted by incubation a€.3After

are indicated along the right side of the panel. The sequence of the RNA isio|yidine blue staining, RNase activity becomes visible as white bands

visualized in Figure 6. indicating the hydrolysis of RNA. Size determination of RNaseuy(fane c)
and the antibody preparation (L, lane d) was done by co-migration with
molecular weight markers (M) and Coomassie staining. Note that overloading

Experiments in the second part were designed to decidtge gel with antibodies (d) does not reveal any contaminant.
whether the RNase activities were specific for the structure or for

the sequence of the substrate RNA. Hence, we used three pairs of

structurally well-characterized tRNA substrates with similar
sequence but different structures. tRNRAfrom yeast has been
compared with itsn vitro transcript, both molecules differing
only in stability but not in general structur&2). An in vitro
transcript of human mitochondrial tRI& (KwT) with an

uman serum antibody preparations display RNase actiity
systematic search for RNA hydrolyzing activities was performed
by incubation of purified antibodies with end-labeled tRNAs as
substrates. We found, as illustrated in Figlrthat all antibody

- _ | preparations tested present RNase activity. Antibodies from
unusual hairpin structuré.) has been compared with a variant, yajients cleave the tRNA at a large number of positions and cleavage

KMERRF, with a point mutation (ASSG) that differs only slightly gjies are specific to each patient (compare lanes 1, 3, 5 and 7). The
in structure (&). Kwr has also been compared with anothet,eanaration from a healthy donor cleaved the tRNA substrates at
variant carrying a point mutation (A9C)Rrl, that differs greatly

. positions specific for RNase A, namely at CpA and UpA
in structure {1). phosphodiester bonds. To observe any significant cleavage,
however, this preparation had to be used in 10-fold higher
Characterization of the antibody activity from the serum of ~ concentration than antibodies from the various patients. Upon
a SLE patient addition of 5 mM magnesium chloride, cleavage by antibodies
I . . ._._from patients was much changed whereas cleavage by antibodies
Purification. IgG isolation from human serum started from tripleqm 3 healthy donor was weakened at some positions. So, each
precipitation with ammonium sulfate (40%). To destroy any,,| of |9G from patients possesses at least two different types of

non-covalent complexes, affinity chromatography on proteify iiviry one revealed in the absence and one in the presence of
A-Sepharose included specific treatment with Triton X-100 an g2*. In what follows, the RNase activities of the antibodies

gel filtration was performed at low pH conditions on a Toyopea ; ;
HW-55 column. Samples were analyzed by SDS-PAGE undrfe!rr0 m one SLE patient are characterized.
dissociating conditions of electrophoresis. After Coomassi8ize exclusion filtratianSince all known RNases from human
staining, only bands corresponding in molecular weight to ligrgerum have molecular weights <32 kDB4)( an attempt to

and heavy chains of IgG but no detectable contaminating proteidissociate any RNase activity from these antibodies was performed
were observed (Fidl). No additional bands were detected onby filtration on Centricon-100 devices. These filters pass
overloaded (see Fi@) or silver stained SDS gels (not shown). molecules of molecular weight <100 kDa. Thus, IgG (150 kDa)
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Figure 4. Temperature and Mg effects on the RNase activity of a SLE antibody preparation on tR\tReavage.A) Comparative effect of temperature inhibition

of RNA hydrolysis by antibodies and RNase A. Stock solutions of SLE antibodies (0.5 mg/ml) and RNase A (0.5 mg/ml) wédrat@dedelbC for 10, 20 or

30 min and their activity tested ohénd-labeled Kw. Lanes 1-4, hydrolysis by antibodies; lanes 5-8, hydrolysis by RNase A. Lanes 1 and 5, without preincubation;
lanes 2 and 6, 10 min; lanes 3 and 7, 20 min; lanes 4 and 8, 30 min preincubation. All reactions were carried out as Megeribkdand Methods. Concentration

of SLE antibodies in reaction mixtures was 0.02 mg/ml. The inset gives a quantitative view of the dependence of the RklAghgdtioliies upon preincubation

at 45°C. The total amount of radioactivity of the cleavage products and of the uncleaved RNA substrate has been estimatedgar. 88Bi6bnaparative Mg*

effects on RNA hydrolysis by antibodies and RNase A. The substrate moleculeemddd@beled M. Lanes 1 and 2, hydrolysis by SLE antibodies; lanes 3 and

4, hydrolysis by RNase A; lanes 5 and 6, hydrolysis by healthy donor antibodies. Lanes 1, 3 and 5, hydrolysis in the lig&sidards 2, 4 and 6, hydrolysis

in the presence of 5 mM Mg&IAll reactions were carried out as described in Materials and Methods. Concentrations of antibodies were 0.05 mg/mh{SLE patie
and 0.4 mg/ml (healthy donor).

are expected to remain on the filter whereas the low molecultirermal denaturation experiments of RNase A and antibodies
weight nucleases (14 kDa for RNase A) are expected to IfEig.4A). RNases are usually temperature stabi@, (whereas
recovered in the flow-through. To dissociate potentially presemintibodies are temperature labi&) Human serum RNases, in
non-covalent protein complexes, additional experiments weigarticular, have been shown to be temperature stable evetCat 55
carried out in the presence of 0.1% Triton X-100. As seen iand they demonstrated maximal hydrolysis activities at this
Figure 3A, from an equivalent mixture of SLE antibodies andtemperature 15). Thermal denaturation of antibodies by pre-
RNase A, only the SLE-specific activity was retained after filtrationincubation at 45C for increasing periods (up to 30 min) prior to
These data show that it is indeed possible to separate antibodies ftbmcleavage reaction assay resulted in progressive abolition of the
low molecular weight contaminants and accordingly stronglWig2*-stimulated activity (FigdA), which is thus demonstrated
suggest that the RNA hydrolyzing activity studied is correlatetb be temperature sensitive. No temperature inhibition of RNase
with the antibodies themselves rather than with contaminants.A was found.

RNA cast gel experimerfio prove that there are no complexedinfluence of Mg*, Na* and pH To better characterize the RNA
RNases in the catalytically active IgG fraction, an RNA cast gdlydrolyzing activity of the antibody preparations, the effects of salts
experiment has been performed_ The denaturing properties rﬁﬂve been_ Inyestlgated. Indeed, it is known that salts affect several
SDS-PAGE are expected to preclude any complex formatioRNase activitiesl(9). Thus, the effects of NaCl (100-200 mM) and
like a nuclease complexed to an antibody or any other protein. # MgClz (1-10 mM) have been examined. While *Nzad

this experiment, an SDS gel was cast including high molecul@Pproximately the same slight inhibiting effect on RNase A and
weight RNA in the gel solution. After electrophoresis, theantibodies (not shown), Mg had differential effects (FigB).
denaturing SDS was washed out and the gel was incubated ifRiase was strongly inhibited, while antibodies isolated from the
Tris buffer to promote RNase activity. RNase activity wagerum of the healthy donor were only slightly inhibited and
revealed by the absence of RNA in the bands after staining wigitibodies from the SLE patient showed large changes in
ethidium bromide (Fig3B). RNase activity was observed in only specificity. Inthis latter case, some positions of the RNA were less
one band, corresponding in molecular weight to IgG. The contréfficiently cleaved than in the absence of magnesium ions and

experiments with RNase A are not shown. new cuts appeared. An apparent discrepancy between Fjures
and4B originates from an overlap of both the Mg-dependent and

Thermal denaturationFurther evidence allowing distinction of Mg-independent RNase activities. Optimal ¥goncentration
antibody activity from RNase activity comes from comparativavas found to be 5 mM. Thus, magnesium allows the demtoistra



Nucleic Acids Research, 1998, Vol. 26, No. 23247

N T
123 4Lce yeast tRNAASP
56 _I 'I I native in vitro transcript
43 — = = i B AT t{\;ﬁ,
% c ¢
34— G G
u=a c=G
o= B u-a g-g
c-G c-G
G=C G=C
u=a u=G
22— G=Cyf ‘L?u G- c'j: ”
- A=UY “ A=) A
204" - phaA R EE A A Vg GEECE
G YUUG MEEGGE A M vuueh CGGGE A
18— LIl yfu TyC - I1ri '{u_ TR
ma GAAUg A B G & AAUL A
DA G=CAG uch a—cha
- A ee
13— iﬁ-u &u-u
c—a C=G
i L= u c
U U [}
6, € 6 ,c
8= 35 a5

Figure 5.Cleavage patterns of-Bnd-labeled tRNASP (N) and the correspondiigvitro transcript (T) by antibodies isolated from the serum of an SLE patient. (Left)
Autoradiography of a 15% denaturing polyacrylamide gel. Lanes 1 and 2, native tRNA; lanes B asittb4aranscribed tRNA. Lanes 1 and 3, hydrolysis in the
presence of 5 mM Mggl lanes 2 and 4, hydrolysis in the presence of 5 mM Mgl 100 mM NaCl. Reactions were carried out as described in Materials and
Methods. Concentration of SLE antibodies was 0.05 mg/ml. Lane L, partial hydrolysis by imidazole; lanes c, control inctibatisegRNA and its transcript
without antibodies, in the presence of MgGRight) Localization of the cleavage sites observed in the presence of, MitBin the cloverleaf structure of the
investigated tRNAs. Darkness of arrows is proportional to the intensities of cuts. Numbering is accordingebdP¢ir2).

of an RNA hydrolytic activity in antibodies distinct from classicalpositions 12, 25, 57 and 60 are slightly intensified as compared
RNase A-type serum RNase activities. As to pH, the optimatith Kmerrr No activation by Mgt is seen in the healthy donor
activity observed in low salt conditions was at pH 7.5 and for theontrol, where points of cleavage are of RNase A type.

MgZ*-stimulated activity at pH 6.5 (not shown).

Structural selectivity of the Mg?*-stimulated RNase activity
of antibodies from the serum of an SLE patient

Comparative cleavage patterns of native yeast tiRRend the

The cleavage patterns of the second couplenotitro
transcripts derived from human mitochondrial tRX# KwTt
and Krw, are presented in Figureln the absence of magnesium,
again no differences were observed (compare lanes 1 and 4), but
upon addition of M§" striking differences appeared between
these RNAs (compare lanes 2 and 5). In the casewf fidur

correspondingin vitro transcript by antibodies from an SLE additional cuts occurred (at positions 14, 51, 53 and 64) and a
patient A comparison of the cleavage patterns of yeast #i%RA large number of cuts were strongly intensified as opposedito K
and itdn vitro transcript by antibodies isolated from a SLE patienfat positions 5-7, 15, 21, 23, 24, 39 and 40). imrKmore

is summarized in Figufe The M@ *-stimulated catalytic activity

intensive cuts occurred at positions 29 and 41 as opposed/ito K

cleaves native tRNASP at nine positions (20a, 29, 30, 33-35, 41,

43 and 65), with the strongest cut at G30. In the casewitfo

DISCUSSION

transcripts all cuts are intensified and several additional faint cuts ) ) ) )
appear as Compared with native tRNA (at positions 8,9, 12, 1I§9ur major conclusions can be drawn from this StUdy. First,

18, 19-22, 27, 28, 38, 39, 42, 51 and 56).

antibodies from human sera possess intrinsic RNase activity.
Second, antibodies of healthy donors exhibit a weak RNase A-type

Comparative cleavage patterns of human mitochondrial #f®NA activity and antibodies from SLE and hepatitis B patients possess
in vitro transcripts by antibodies from an SLE pati€amparative two different types of activities, one observed under low salt

statistical cleavage patterns oiviKk and KverRRF by antibodies

conditions and another in the presence of magnesium ions. Third,

isolated from an SLE patient or a healthy donor are displayed ife cleavage specificity is individual-dependent. Fourth*Mg
Figure6. In the absence of magnesium, healthy donor antibodiggmulated activities are sensitive to the conformation of RNA.
cleave both tRNAs at the same Py-A sequences (at positions 6, 12,

22, 25, 28, 36, 41, 48, 57, 60, 66 and 68). The SLE preparatio, ; P ; AT

weakly cleaved additionally at positions 39 and 53. No difference@sgltalytlc antibodies with RNase activity in human sera
between transcripts were observed (compare lanes 1 and 6 arid this study it is shown that antibody-associated RNase activities

and 9).

Cleavage patterns obtained from the2¥ipduced activity of
SLE antibodies show only slight differences betweer lind
KMERRF (compare lanes 2 and 7). IMKRRF, cuts at positions 32

can be found in the sera of SLE and hepatitis B patients as well
as in that of healthy donors. However, whereas purified
antibodies from the sera of healthy donors show RNase A-type
activity of low efficiency (cleavage of Py-A sequences) which is

and 33 are slightly intensified and new faint cuts appear athibited by M@, those from patients show at least two different

positions 53 and 54 as compared withviKIn Kwt, cuts at

activities, one occurring in low salt conditions and one dependent on
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Figure 6. Cleavage patterns of-Bnd-labeled Kierrr and KwT by antibodies isolated from the serum of a SLE patient and from a healthy donor. (Left)
Autoradiography of a 15% denaturing polyacrylamide gel. Lanes MERRE, lanes 6-10, kT. Lanes 1-3 and 6-8, SLE patient; lanes 4-5 and 9-10, healthy donor.
Lanes 1, 4, 6 and 9, hydrolysis in the absence of salts; lanes 2, 5, 7 and 10, in the presence of Siavied@cind 8, in the presence of 5 mM Mg@d 100 mM

NaCl. Reactions were carried out as described in Materials and Methods. Concentration of SLE antibodies was 0.05 mgfhieaiththdbdnor 0.4 mg/ml. Lane L,
partial hydrolysis by imidazole; lane T1, partial hydrolysis by RNase T1; lanes c, control incubations of RNA without snfiibodieft to right KiErRRF in the
absence and presence of Mg®wrT in the absence and presence of Mg@Right) Localization of cleavage sites observed in the presence opMgtin the
secondary structures of the investigated RNAs. Arrows as in Figure 5. Numbering is accordingetbdt¢lit).

the presence of Mg ions. The fact that Mg ions greatly stabilize Interestingly, the RNase activities evolve in time after purification

tRNA structures and render them less susceptible to cleaving agesftehe antibodies. After the isolation procedure all antibodies

speaks against the possibility that the increased cleavage reflettsnonstrate only low activity of RNase A type. In the case of

major conformational changes in the tRNA. Investigation of SLEealthy donors this activity is slightly enhanced after 2—3 weeks.
antibodies shows the Mgdependent RNA hydrolyzing activity to For SLE and hepatitis B patients it also takes 2—3 weeks until their
be an intrinsic property of the immunoglobulins and rules ouantibodies express specific full-strength cleaving activities. Initial

contaminating RNases. Arguments, obtained by systemalimited activities are probably linked to the acidic treatment of the

comparison with RNase A, are as follows: (i) the antibodyantibodies in which epitopes may become disturbed and only
purification procedure yields only two detectable bands on SDS gegain their active structures slowly.

under dissociating conditions of electrophoresis, corresponding to

light and heavy chains of I9G; (i) the activity is linked to proteings o ia| |se of antibodies as tools for investigation of RNA

of molecular weight >100 kDa, as shown by size excluslogtructure

filtration, and thus higher than that of known serum RNases

(14,15); (iii) activity in RNA cast gels is superimposed onNucleases are known to be either sequence-specific (e.g. RNase
proteins of the molecular weight of IgG; (iv) activity is sensitiveT1 is specific for guanosines, RNase A is specific for Py-A
to temperature and declines above@psin contrast to serum sequences) or specific for structural features (e.g. nuclease S1
RNases, which are more temperature-resistat (v) cleavage cleaves exclusively single-stranded regions whereas RNase V1 is
specificity (no preference for Py-A or any other sequence) isensitive to structured or higher ordered domains of an RNA;
completely different from that of RNase A and thus from humareviewed ir21). To determine to what extent the festimulated
serum RNases, which are of very close specificities). ( RNase activity of SLE antibodies was either sequence- or
Altogether these arguments lead to the conclusion that the RNs#ucture-specific, five structurally well-defined RNAs were sub-
hydrolyzing activity present in the purified antibodies from an SLEnitted to cleavage. Natural and/@r vitro transcribed yeast
patient is not due to contaminating RNase(s), but is intrinsicalifRNAASP and human mitochondrial tRNY§ were chosen for the
linked to the antibodies themselves. This conclusion also holdisllowing reasons. Yeast tRM&Pis one of the best-studied tRNAs.
true for the low RNase activity present in healthy donor IgG. Aot only is its crystal structure know@3), but also its solution
additional argument comes from the observation that eadtructure has been investigated with a large number of probes
antibody preparation tested has an individual specificity #ig. (23-25). Moreover, comparative chemical probing of this tRNA
This can be correlated with the great variety of antibodies in eafully modified) and itdn vitro transcribed (unmodified) version
individual. It is much more difficult to expect that different has been performedl?). Similar global structures for both
individuals have different sets of RNases. Similar conclusions wemsolecules were found but with an increased stability for the
reached when studying antibodies purified from hepatitis B patientsodified molecule. The secondary structures imf vitro



Nucleic Acids Research, 1998, Vol. 26, No. 23249

Kwt Krw
123456LTice Kwt KRw
60 ATE
s57= SEESSEEET _Gs3 c i
48 - R —GS1 A g
41— T it A=i LA
- —-G39 S_E“‘ i
36— a:iw{ FEZE(
A= U 8 i
28— -~ 4-u nzh b
/- w2 826 cordug ¥ > "Dhoue®" 4
- - —G24 Yy © u A Is’_c"aucec LL&LS Gl
| 3 Ny u A
22 Z " kc_caem'cc--u{ yUAGE , U A
23U =4 U=a"86
el = A b gn.ﬁ
A=l A-u
12— 24-:(‘ % 278
—G10 e L G A
u=a u A
;L‘:ﬁ Uy b
*E:EE =
c A
6= B A
& —G5 Uu'-lq

Figure 7. Cleavage patterns of-Bnd-labeled T and Krw by antibodies isolated from the serum of an SLE patient. (Left) Autoradiography of a 15% denaturing
polyacrylamide gel. Lanes 1-3wK; lanes 4-6, Kw. Lanes 1 and 4, hydrolysis in the absence of salts; lanes 2 and 5, hydrolysis in the presence of 5inM MgCl
lanes 3 and 6, hydrolysis in the presence of 5 mM Mg@d 100 mM NaCl. Reactions were carried out as described in Materials and Methods. Concentration of
SLE antibodies was 0.05 mg/ml. Lane L, partial hydrolysis by imidazole; lane T1, partial hydrolysis by RNase T1; lar@sre;whoations of Kyt and Krw, without
antibodies, in the presence of MgQIRight) Localization of cleavage sites observed in the presence obMgtin the secondary structures of the investigated
RNAs. Arrows as in Figure 5. Numbering is according to Hefial (11).

transcribed tRNAYS, either of wild-type sequence) or with  to be multiple, adequate application will require amplification of
single point mutations (A55G fomkerrFand A9C for Kkw) are  monoclonal antibodies.
also well established {,18). Kwt and KmMerrFboth fold into an
extended bulged hairpin and differ only to a very small extent i
the near neighborhood of the mutated positidi@. (Krw has
undergone a very large structural change. This molecule folds irtdne discovery of RNA hydrolyzing activities of human anti-
acloverleaf, as expected for tRNAS). Thus, comparison of the bodies from patients leaves a number of unanswered biological
RNase activity of SLE antibodies on these RNAs should allow thguestions. For example, it is of particular interest to understand
establishment of whether the catalytic activities are sensitive the correlations between specific activities of antibodies and
structural features or not. particular diseases and to know whether there is a relationship
The herein characterized SLE antibody dgtimulated  with the autoimmune character of some of the diseases. Also, a
catalytic activity does not display sequence specificity, but ipossible correlation between RNA cleaving autoantibodies
rather sensitive to structural features of the investigated RNand antibodies directed against RNA-recognizing proteins,
substrates. Yeast natural tRR® has fewer cleavage points than e.g. aminoacyl-tRNA synthetases, as found in patients with
the correspondinig vitro transcript, which was shown previously autoimmune disease®§27), has to be considered. In any case,
to be structurally less stabl&2). KMerrF and KwT, which are  the biological significance of these activities remains unclear.
known to have only slight structural differences, show verynterestingly, all samples tested in the present work possess not
similar cleavage patterns with the antibody-specific activity wittonly RNase, but also DNase activities (not shown), which opens
only minor differences. On the other hand, the cleavage pattertf® question of a double enzymatic activity for the same 1gG
of KrRw and KwT, which have similar sequences but very differentnolecule or for individual activities of different molecules. A fine
structures, differ to a larger degree. The differences which awsmderstanding of the molecular mechanisms of RNase activities
observed between cleavage patterns of given pairs of substrasésiuman antibodies will require further investigation.
correlate well with the structural knowledge of these molecules
(11,12,18). Thus, the catalytic antibodies are able to discriminatg ck NOWLEDGEMENTS
between both subtle and large structural changes in RNAs,
including stability and folding. These findings hold true for otheie thank Dr Anne Théobald-Dietrich for purifiédcoli tRNA
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