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Abstract. The ribosomal P proteins are specific and im-
portant autoantigens in patients affected by systemic lu-
pus erythematosus. In this study, we describe for the first
time the selection and characterization of recombinant
human monoclonal anti-P protein (auto)-antibody frag-
ments from an autoimmune patient-derived phage display
antibody library. The selected recombinant anti-P anti-
bodies specifically recognize the P proteins in immuno-
fluorescence assays on HEp-2 cells and in immunoblot-
ting assays, and they immunoprecipitate the P proteins
under native conditions. Using both anti-P-positive pa-

tient sera and the selected recombinant anti-P antibodies,
the immunodominant epitope was determined and shown
to be located at the C-terminal end of the P proteins
(amino acids 111—115). Inhibition of in vitro protein
translation demonstrated that interaction of the mono-
clonal patient-derived anti-P antibodies with their native
epitope functionally inhibits the activity of the P proteins
on the ribosome, confirming the notion that patient au-
toantibodies are often directed to the functional centre of
their autoantigenic target.
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Systemic lupus erythematosus (SLE) is an autoimmune
disease characterized by the presence of high titres of
anti-nuclear and anti-cytoplasmic antibodies in patient
sera. These antibodies and their respective antigens form
immune complexes that can deposit in the tissue generat-
ing injuries characteristic of the disease.

A large number of autoantibodies are associated with
SLE including those directed to the ribosomal phospho
(P) proteins [1]. The anti-P antibodies target the three P
proteins named PO, P1 and P2, which are located as a pen-
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tameric complex on the larger subunit of the eukaryotic
ribosome. The complex is formed by two dimers of P1
and P2 and one monomer of PO that mediates the binding
of the complex to the ribosomal stalk [1, 2]. P1 and P2
proteins interact through their N-terminal domain with
PO [3-5].

The ribosomal P complex forms a GTPase domain to
which the eukaryotic elongation factor eEF-2 binds dur-
ing protein synthesis [1, 6]. The GTPase activity of eEF-
2, which catalyses the translocation of the peptidyl-tRNA
from the A to the P site of the ribosome, is dependent on
the presence of P1 and P2 on the large ribosomal subunit
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[7]. The interaction of both P1 and P2 with eEF-2 results
in a conformational change of the factor that triggers its
GTPase activity [8].

Approximately 15-20% of Caucasian and up to 40% of
Asian patients with SLE develop autoantibodies against
the P proteins [9—11]. The observed frequency of the
anti-P antibodies in patient sera further depends on the
assay used to detect the antibodies — the most sensitive
method is the immunoblotting technique [12—15]. The
titre of these antibodies appears to correlate with disease
activity, and clinical associations with lupus hepatitis or
glomerulonephritis and psychosis have been described
[reviewed in ref. 16].

The anti-P antibodies recognize both conformational and
linear epitopes [17]. The immunodominant epitope is
contained within the C-terminal 22-amino-acid-long
(C-22) sequence [ 1], protruding from the ribosomal stalk,
common to the three P proteins [18]. The carboxy-termi-
nal end is highly conserved in eukaryotic PO, P1 and P2.
The C-22 peptide is the main common requirement for
basic stalk activity, probably due to its interaction with
some conserved region in the elongation factor [19].
The P1 and P2 proteins are phosphorylated [1] on serine
residues when present on the ribosome and this phospho-
rylation seems to be important for their function and to
mediate the binding of the complex to the ribosome
[20—23]. During Fas-L-induced apoptosis, the P proteins
are dephosphorylated [24] and this modification could
induce ‘neo’ epitopes that might trigger the autoimmune
response in SLE.

Due to the clinical relevance of the anti-P antibodies,
more knowledge about their epitope recognition and fine
specificity is required. For this purpose, recombinant hu-
man anti-P single-chain (auto)-antibody fragments
(scFvs) were isolated from an autoimmune patient-de-
rived library using phage display technology [25, 26].
The selected monoclonal anti-P antibodies were com-
pared with a number of patient anti-P-reactive sera for
their reactivity, fine specificity and epitope recognition.
One recombinant antibody was also functionally tested
for its ability to inhibit the activity of the P proteins on the
ribosome.

Materials and methods

Patient serum samples

Sera from ten adult SLE patients (D18, K33, L8, M26,
M8S, 11167, 23646, 0217, 10026 and 10955) which ful-
filled the American College of Rheumatology 1982 re-
vised criteria for the classification of SLE [27] were used
in this study.

D18, K33, L8, M26 and M88 patients were followed at
the Department of Rheumatology and Internal Medicine
of the University Medical Centre St. Radboud (Nij-
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megen, The Netherlands). Patient samples 11167, 23646
and 0217 were taken from the serum bank at Pharmacia
Diagnostics (Freiburg, Germany). Patients 10026 and
10955 were followed at the Division of Rheumatology,
Department of Medical and Surgical Science of the Cen-
tral Hospital, Padova (Italy). All human sera contained
polyclonal antibodies directed towards the C-terminal
end of the P proteins.

Selection and purification of the antibody fragments
The human library was derived from bone marrow and
peripheral blood lymphocytes of five SLE patients (D18,
D5, Ol11, Z5 and S339) and constructed in the
pHENIXVSYV vector [28] as described by Hoet et al. [29,
30]. This vector contains a vesicular stomatitis virus
(VSV-G) tag that is recognized by the mouse anti-VSV-
G-tag monoclonal antibody P5D4 [31]. Separate libraries
were constructed from each individual patient. The phage
repertoire was panned in two successive selections for
binders as described previously [32], using 10 pg of the
C-22 peptide conjugated to bovine serum albumin (1:2
w:w using 0.2 % glutaraldehyde. Library D18 (complex-
ity ~1.0 x 108) was used separately in the first selection,
and a pool of all libraries (complexity of individual li-
braries: D5 ~1.9 x 108, O11 ~0.38 x 108, Z5 ~1.6 x 108,
S339 ~0.01 x 10%) was used in the second selection.
Phages were screened for binding to the C-22 peptide in
an ELISA assay as described elsewhere [33]. To test the
specificity of the selected anti-P clones, maxisorb plates
(Nunc, Roskilde, Denmark) were coated overnight at 4°C
with a set of recombinant autoantigens (U1A, 34 kDa; an-
nexine XI, 56 kDa; Ro/SSA 60 and 52 kDa; La/SSB
50 kDa; Jo-1, 54 kDa; DNA topoisomerase I, 100 kDa) in
50 mM NaHCOs;, pH 9.6 (100 pl/well, 10 pg antigen/ml).
C-22-positive clones were sequenced and the obtained se-
quences were compared with the human germline se-
quences in the V-BASE sequence database using the soft-
ware at http://www2.ebi.ac.uk/clustalw/ (EMBL-Euro-
pean Bioinformatics Institute, Wellcome Trust Genome
Campus, Cambridge, UK).

Individual C-22-positive clones were cloned into the ex-
pression vector pUCmxk-VH6 containing the mouse Ig
light-chain Cx domain [Raats et al., unpublished results],
and the Fos-dimerization-domain-containing vector
pUFosVHG6 [28].

Indirect immunofluorescence staining

HEp-2 cells grown on slides were fixed in methanol
(15 min at —20°C) and acetone (5 min at —20°C) and air-
dried. Cells were incubated for 1 h at room temperature
(RT) with scFv anti-P antibody, human anti-P-positive
serum and the appropriate controls diluted 1:50 and
1:20, respectively, with PBS. The slides were then
washed three times with PBS and bound recombinant an-
tibodies were detected with anti-VSV-G-tag monoclonal
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antibody in PBS, for 1 h at RT followed, after three
washes with PBS, by incubation for 1 h at RT with FITC-
conjugated anti-mouse or anti-human IgG antibodies
(Dako, High Wycombe, UK) diluted 1:50 with PBS. The
slides were mounted in 50% glycerol and examined un-
der a fluorescent microscope.

Analysis of cell extracts

Jurkat (human T cell leukaemia) suspension cells were
grown and total cell extract obtained as previously de-
scribed [34]. Total cell extracts from 1 x 10° Jurkat cells
and P proteins immunoprecipitated from these extracts by
scFv anti-P antibodies were size-fractionated by 15%
SDS-PAGE and blotted onto nitrocellulose filters (Schlei-
cher & Schuell). Immunodetection of the P proteins was
performed using the recombinant anti-P antibodies and
the 10026 serum as previously described [34].

Epitope mapping

To characterize the epitope recognition of the selected re-
combinant antibodies, 16 synthetic peptides were gener-
ated shortening the C-22 linear peptide by one amino acid
starting from the N- or C-terminal end (table 1). The C-
22 amino acid sequence was deduced from the cDNA se-
quence of human P2 protein [6]. Peptides were synthe-
sized by the solid-phase strategy as described previously
[35].

Recombinant anti-P protein autoantibodies

The shortened synthetic peptides were coupled covalently
overnight (o/n) to 96-well assay plates (Costar Corpora-
tion, Cambridge, Mass.) at 10 pg/well in PBS pH 9.0,
0.5 M NaCl, essentially as described elsewhere [35]. The
plates were then incubated for 1 h at RT with 100 pl re-
combinant antibody 1: 1 diluted in 5% non-fat dried milk
powder in PBS (MPBS) or 10026 human serum 1:200 di-
luted in 1% BSA/RIA buffer (0.5 mM NaCl, 10 mM Tris-
HCIL, pH 7.6, 1% Triton X-100, 0.5% Na-deoxycholate,
0.1% SDS). After 3 X 5 min washes with PBS-0.05%
Tween 20 (PBS-T) and 3 X 5 min with PBS, anti-VSV-G-
tag monoclonal antibody in 5% MPBS was added for 1 h
at RT. After extensive washing, bound recombinant anti-
bodies were detected using HRP-conjugated rabbit anti-
mouse IgG antibodies (Dako, High Wycombe, UK) di-
luted 1:200 in 5% MPBS, and bound human anti-P anti-
bodies with anti-human IgG HRP-conjugated antibodies
(Dako) diluted 1:1000 in 1% BSA/RIA for 1 h at RT. The
plate was washed again and the antibody binding was vi-
sualized using K-Blue substrate (NEOGEN, Lexington,
Mass.).

To characterize the antibody specificity in more detail
we used the SPOT method to perform a mutational
analysis of the major ribosomal P epitope recognized.
For the spot blots, membrane-bound peptide libraries
of the C-terminal 10-amino-acid-long (C-10) peptide
(DDDMGFGLFD) were synthesized with a pipetting ro-

Table 1. Amino acid sequences of the 16 synthetic peptides used for the epitope mapping.

Peptide Sequence Peptide recognition

A4 C10 positive serum
C-22 NH, ., EKKDEKEESEESDDDMGFGLFD,,;- COOH +++ +++ +++
27 ESEESDDDMGFGLFD +++ +++ -+
26 EESEESDDDMGFGLF + + R
25 KEESEESDDDMGFGL + + RS
24 KKEESEESDDDMGFG + F ++
23 EKKEESEESDDDMGF + + +
22 EEKKEESEESDDDMG - - ~
21 KEEKKEESEESDDDM - ~ ~
20 KKEEKKEESEESDDD - - _
26b SEESDDDMGFGLFD e +++ +++
27b EESDDDMGFGLFD ++ ++ ++
28 ESDDDMGFGLFD ++ gy ++
3l SDDDMGFGLFD + ++ =
34 DDDMGFGLFD + + ++
48 DDMGFGLFD + = +
51 DMGFGLFD + + T
52 MGFGLFD + + +

All 16 synthetic peptides were covalently coated on ELISA plates and the recombinant autoantibodies and human anti-P-positive serum

were screened for their recognition of the different peptides.
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bot (ASP222 machine; Abimed, Langenfeld, Germany)
according to the protocol described by Gausepohl and
Behn [36]. The spot blot immunoassay was performed as
described previously with minor modifications [37].
Briefly, following completion of peptide synthesis, non-
specific binding sites were blocked by o/n incubation of
the membranes in blocking buffer (2% Marvel in PBS).
After one washing step, the membranes were incubated
with recombinant antibody fragments (present in bacter-
ial culture supernatant) or patient serum diluted 1:4 and
1:200, respectively, in blocking buffer for 2 h at RT. Un-
bound antibodies were removed by three washing steps in
PBS-0.2% Tween-20. Bound recombinant antibodies
were detected using HRP-conjugated rabbit anti-mouse
IgG antibodies (Dako) diluted 1:200 in 5% MPBS, and
bound human anti-P antibodies with anti-human IgG
HRP-conjugated antibodies (Dako) diluted 1:1000 in
1% BSA/RIA for | h at RT. Antibody binding was visu-
alized by chemiluminescense as previously described
[34].

In vitro translation

To test whether recombinant antibodies reacted with the
functional domain of the P proteins, their ability to inhibit
protein synthesis was measured. In vitro translation was
performed in a cell-free system using rabbit reticulocyte
lysate (TnT Coupled Reticulocyte Lysate Systems;
Promega Madison, Wis.) in the presence of **S-methion-
ine, as described by the manufacturer. The DNA control
from the kit was used for transcription/translation of lu-
ciferase, a 61-kDa protein. The A4 recombinant anti-P
antibody and a non-ribosome-related control recombi-
nant antibody Ra3 [Raats et al., unpublished results] were
added to the translation reaction at six different concen-
trations. Proteins were then fractionated on 10% SDS-
PAGE and the gels were subsequently treated with Am-
plify (Amersham, UK) and analysed by fluorography.

Results

Selection of human anti-P antibody fragments
SLE-autoimmune-patient-derived antibody phage dis-
play libraries [29, 30] were screened for the presence of
human antibody fragments specific for the ribosomal P
proteins. Anti-P antibodies were obtained in the succes-
sive selections after two and three rounds of panning, us-
ing the C-22 BSA-conjugated peptide as antigen. Ninety-
six colonies from the third and 48 colonies from the sec-
ond and the fourth rounds were tested in ELISA for P
protein binding. Although many positive clones were
found, based on the BsfNI restriction enzyme pattern,
only two different anti-P-reactive clones (one from each
selection) could be identified, referred to as clones A4
and C10.
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Specificity and germline family

The specificity of the selected antibody fragments was
determined by ELISA using a control panel of recombi-
nant autoantigens (U1A, annexin XI, Ro/SS-A, La/SS-B,
Jo-1, DNA topoisomerase I). Both antibodies reacted
only with the C-22 peptide and not with the control au-
toantigens (data not shown).

The selected cDNA clones were sequenced and the DNA
sequence compared with germline sequences, as depicted
in figure 1. Both recombinant anti-P antibodies appeared
to be derived from the VH3 heavy-chain germline family.
The A4 clone could be aligned with the VH3 locus 3-30.3
(gene DP-46) and the C10 clone with the VH3 locus 3-23
(gene DP-47). Except for the CDR3 region, the two
clones are similar and the DNA sequences are also very
close to their cognate germline gene sequence. Some mu-
tations were observed: the mutations on the A4 clone se-
quence were distributed throughout the CDR1/2 and
FR1/2/3 [13 mutations in total (1 PCR oligo introduced)].
Remarkably, only one somatic and three PCR oligo-intro-
duced mutations were found in the C10 clone VH se-
quence (fig. 1).

The light-chain germline sequences of the A4 and C10
clones were derived from the Vk3 L16 and VL3 31 locus,
respectively. The observed somatic mutations (15 in the
A4 and 9 in the C10 gene) were distributed throughout
CDR1,2,3 and FR3 for the A4 sequence, and throughout
the CDR1/3 and FR3 regions in the C10 sequence
(fig. 1).

To increase the avidity (by converting the single chains to
dimers) and to facilitate detection of the selected scFv
fragments, they were cloned into pUFosVH6 and
pUCmxk-VH6 vectors.

Indirect immunofluorescence staining,

Western blotting analysis and immunoprecipitation
The indirect immunoflescence (IIF) staining on HEp-2
cells obtained with recombinant anti-P-positive clones
and the patient serum as control is shown in figure 2. The
recombinant antibodies revealed an intense cytoplasmic
staining (fig. 2a, b) identical to the pattern obtained with
the patient serum (fig. 2c¢).

The recombinant anti-P antibodies, non-ribosome-
related anti-La/SSB antibody fragment (5D3) [38] and
the human anti-P-positive patient serum were also tested
in an immunoblotting assay with Jurkat total cell extract.
The recombinant anti-P autoantibodies reacted strongly
with the P proteins, as shown in figure 3, lanes 2 and 3.
The A4 antibody predominantly stained the PO and the
P1 proteins on the blot (fig. 3, lane 2), while the C10
antibody was able to recognize all three P proteins
(fig. 2, lane 3). This difference between the two recom-
binant antibodies appeared to be independent of the di-
lution of the scFvs, suggesting small differences in epi-
tope recognition. The anti-La/SSB recombinant antibody



Recombinant anti-P protein autoantibodies

S. Zampieri et al.

592

‘[£/d] se payesrpur S1 uonBUIqUIOII /(] "(U) SB PAIROIPUI QI8 SUOHBINUI PIINPOIIUI-IPIO[ONUOTI[O : . SUONBINIA "¢ Pue
TAAD ‘TIAAD ‘YA ‘€9 ‘TIA ‘19 Aq pa3eotpur a1k SUOISaI YD PUL SToMIWeI] ‘SjuowSelj TA pue HA Ui Jo uoneorjrjdure 103 pasn saprjos[onuoSijo a1 £q paonponur suorgar 0} puodsariod
SPIOE OUTWE 9SBIIOMOT "SUOIIMITISqNS PAAIISUOI-TWAS SOJEIPUI {SUOIIMINSANS PAAIISUOD SOILIIPUT JUSWUII[E AU} UT So0Uanbas [[& Ul SPIO. OUTUIE POAIOSUOD IO [EOTJUIPI SYIBUL ,, SUI| SNSUISUOD A\
[eisn[D ayj ur spoquiAS ‘sdeS oyeorpur soysep oudg ouruLIagd 9A130dsal oY) JO 2SOY) 0} [BINUAPI dIB JBL[) SPIOE OUTWE 2)BIPUI SJ0(T “(JusWuSI[e A\ [eISN[D) Souad duljuLIoS snoFo[owoy JSou ) Im
SOIPOqQIIUE JUBUIqUIOIAI J-IUE Y} JO JuowuSIfe aouanbag aousnbas surjuad snoSojowoy 1oy} 03 pausSife sa Jos Apoquue J-1ue Jo sureyod JyS1| pue £aeay oy Jo sdouanbas proe ourwry ' 3Ly

TRrRERE X e R T FE REXRERERARERNNN TEECRIExCxETER FEERRARFRRRRXERERNRRRE
[eg10/2TC] (T)8 sTa3Tb36693 AIK """ I S > R Pt SRR N =L =" ="" ottt T 012
HNOSSQISN DXXAVIQAVOVOLILTISVIN--OSSSOSIIAIID SIINN----- MO XIATAIVODDIOOAM SVX-XSYT-SQ-90 OLIYALDDTYASAVAPD3 ToSS TE €1A
®POqegyEZI06  BLISVETTO68LISVECTO6AEBLISVYECTO68L 9SVEZIPOARTIO 68LISVETTO68LIS VEZOARTO68LISY €ZT068LISVETTEBLISVEZT
EEERE T B R Rl R EE B I FOREEEER FFAXXERERXXRXXRRRRR I XRR
[piel (1) vT IyTOAY16601 LISA" "BL"*°  crrrrreereeeeeeees FIRRRERERE aA STUNTTQ s ORI Sttt eeeessssaeaaaaaaas - e
dMNNZADO OXXAVIQISOTSSILTLITLOSOSOSIIVAID IVIISYD XITTNIVOODIOOAM VWIN------ SSASOSVM  OSTLVYADISASTLYdsbiuate 9TT €3A
SVEZTO06 8LISVEZTO68LISVECTO68LISVECTO68L 9SVEZTO 68LISVECTO68LIS VEZIOPOARTO068LISY ETTO68LISVEZTO68LISVEZT
6 8 L 9 S v € z T
JsuoTiejnu vaa £¥ad [X°X1 29ad (44 T4ad T3 snooT/ATTwes SuoTd
sauab-A ureyo Jybi
B Ty Y FEFFXXFRRRXEFTTRREY FFEEXFFRFFFRXRN ¥EXFTTF P T T R T
[QEHC/6-T2A/22-€Al (E) T SS3ISAIAUROTOM IDAVOSHARONSARANAGY ' """t -t rrrrrrrrrorrrrrrseesmmerseees —mttr e AL ba--'b 01O
MVORAAVIAIAVITSNAOTATLNNSNAISILIY  OMASAYAXLSOOS--DSIV SAMITOMNOIVOIAM SWYA--S SALIDSYYOSTIISODIOATOODSSTTbaA® €T-E/€HA
B R T I L e L et R R L B R R T TR S
egHD/€2-va] (T)ZT SS3ISA3AWAE0OM AQIOHADESS Lt cc JREEREE P ML femttt rrreeeeeeses B S IR RRRe Bec--- vy
YVORAAVLAIVITSNROTATLIISNQISIIIY  OMASAVAXINSDQ--ASIA VAMIATONOIVOUAM HWVA--S SJALIDSYYOSTITISYOIONADDDSDSATDAD €°0€-E€/€EHA
VEZTO68LISVEDARTTO68LISVETTO68LY SVEZTO68LISYEDARZTO 68LISVETTO68LY GSVETART 068LISVECTO68LISVEZTO68LISVELT
6 8 L 9 S v € z T
JSuoTiejnu vag €49d0 €dd 29an [4-x¢ 300 T™§E snooT/ATTwes SuOTD

sauab-A ureys AAeay



CMLS, Cell. Mol. Life Sci. Research Article 593

Vol. 60, 2003

d o o el f

Figure 2. IIF staining with the recombinant anti-P antibodies. The recombinant anti-P antibody A4 (a) and C10 (b) were used to im-
munolocalize the P proteins on HEp-2 cells. The 10026 anti-P-positive SLE patient serum was used as control (c). The recombinant anti-
P antibodies showed the typical cytoplasmic staining (@, b), comparable to that given by the patient serum (c). (d—f) Morphology of the

corresponding cells. Bar, 10 pm.

reacted specifically with the La protein on the blot (fig.
3, lane 4).

ScFv antibody fragments bound to protein A-agarose were
also tested for their ability to immunoprecipitate P proteins
from total Jurkat cell extract [34]. The immunoprecipitated
proteins were analysed by immunoblotting using the 10026
anti-P-positive patient serum as probe. Both recombinant
antibodies were able to immunoprecipitate the whole P
protein complex (fig. 4, lanes 2, 3) whereas the non-ribo-
some-related clone was not (fig. 4, lane 4). These results
show that the P complex antigen is recognized under native
conditions by the anti-P selected antibodies.

Epitope mapping

To compare the epitope recognition of the selected anti-P
antibodies with that of antibodies from patient serum, 16
synthetic peptides generated from the C-22 sequence
were coated onto ELISA plates (see Materials and meth-
ods). The plates were then incubated with the recombi-
nant antibodies or the human serum and the reactivities
were compared. Both recombinant anti-P and patient
serum antibodies failed to recognize the peptides lacking
the last five C-terminal amino acid residues 111-115
(table 1, peptides 22, 21 and 20).

In contrast, all the peptides lacking N-terminal amino
acid residues were efficiently recognized by both the
scFvs and the patient serum antibodies (table 1, peptides
26b—52). These results indicate that the scFvs, just like
the patient antibodies, recognize a linear epitope contain-

& | —La/SSB (50 kD)
PO (38 kD) — -

P1 (19 kD) —| =~
P2 (17 kD)

1 2 3 4

Figure 3. Reactivity on immunoblot of the recombinant anti-P an-
tibodies. Jurkat total cell extract from 1 x 10°cells/lane was size
fractionated by 15% SDS-PAGE, blotted onto a nitrocellulose
membrane and probed with the 10026 anti-P-positive SLE patient
serum (lane 1), the A4 (lane 2), and C10 (lane 3) recombinant anti-
P antibodies, and the non-related anti-La/SSB recombinant anti-
body (lane 4) as negative control. The bound recombinant antibod-
ies were detected using an anti-VSV-G-tag HRP-conjugated sec-
ondary antibody diluted 1:5000 in 5% MPBS. The reaction was
visualized via chemiluminescence. The A4 recombinant antibody
recognized the PO and the P1 proteins, and C10 recognized all three
P proteins. The anti-La/SSB recombinant antibody specifically rec-
ognized the La protein as indicated on the right of the figure. The
recognition pattern of the scFv antibodies is comparable to that ob-
tained with the patient serum used as a positive control.
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Figure 4. Immunoprecipitation with the recombinant anti-P anti-
bodies. P proteins were immunoprecipitated from Jurkat total cell
extract using the A4 (lane 2) and C10 (lane 3) recombinant anti-
bodies and the non-related La/SSB recombinant antibody (lane 4)
coated to protein-A beads via anti-mouse and anti-VSV-G-tag anti-
bodies. The immunoprecipitated P proteins were fractionated by
15% SDS-PAGE, blotted onto a nitrocellulose membrane and de-
tected on the blot using the 10026 (all lanes) anti-P-positive SLE
patient serum as probe. Lane 1 corresponds to the input and the po-
sition of the three P proteins is indicated on the right.

ing the very C terminal end of the P proteins.

To determine the fine specificity of the epitope recogni-
tion of the selected recombinant antibodies as well as of
anti-P-positive patient sera, we performed a mutational
analysis of the major epitope recognized by the anti-P an-
tibodies using peptide arrays prepared by the SPOT
method (fig. 5). For scFv A4, the amino acids Phe''!,
Leu!''3, Phe!"* and Asp'"® could be identified as the key
residues for the interaction (fig. 5A). In contrast, scFv
C10 showed a more unspecific recognition pattern. Only
Phe!'* and Asp'"® could not be replaced by other amino
acid residues without a loss in reactivity (fig. 5A). The
immune response towards the C10 peptide was quite di-
verse among the patients (fig. 5B). Nevertheless, some
similarities could be observed. Four out of seven sera
tested mainly contained autoantibodies towards the epi-
tope core Gly''?, Phe!!! and Gly!''? with a further contri-
bution of Phe''* (11167, 23646, L8 and 0217). In con-
trast, the epitope of a second group was found to be lo-
cated at the very C terminal part of the C10 peptide,
varying in length (M88, M26 and K33).

The A4 scFv antibody inhibits translation
To test whether the recombinant anti-P antibody A4 was
able to interact with the functional domain of the P pro-

Recombinant anti-P protein autoantibodies

teins, its ability to block protein synthesis in vitro was
measured. Since both antibodies showed very similar epi-
tope reactivity patterns, only clone A4 was analysed. The
recombinant antibody fragment blocked the activity of
the P proteins very efficiently, resulting in complete inhi-
bition of the translation process (fig. 6 A, lane 1). Com-
plete inhibition of luciferase synthesis was obtained when
the recombinant anti-P antibody was added to the reac-
tion mixture at a concentration of 920 ng/pl (fig. 6 A, lane
1). At the same concentration, the non-ribosome-related
control antibody Ra3 showed no effect (fig. 6B, lanes
1-6).

Discussion

The three ribosomal phospho proteins PO, P1 and P2 are
targetted by autoantibodies in SLE patients [1]. The anti-
P antibodies are considered to be specific markers for this
disease and their presence is strongly associated with dis-
ease activity and with some clinical manifestations [16].

Anti-P antibodies can bind to the cellular membrane and
have actually been shown to penetrate into a variety of
cultured cell lines, providing some evidence for a possi-
ble pathogenic role of these antibodies. The pathogenic
mechanism of the anti-P autoantibodies might be related
to the presence of the P proteins on the surface membrane
of many cells, especially actively proliferating cells [39].
The anti-P antibodies appear to interact with a membrane
form of the PO protein, and after binding they can be in-
ternalized into the cell where they can reach the P com-
plex located on the ribosomes. The activity of the P pro-
tein complex is then blocked with the consequence that
protein synthesis is severely affected. The penetration of
mouse monoclonal anti-P antibodies into living cells can
induce apoptosis [40].

In an attempt to study individual human monoclonal anti-
P antibodies, we isolated and characterized human re-
combinant scFvs specific for the P proteins from an SLE
autoimmune patient-derived antibody phage display li-
brary [25]. Remarkable was the observation that, in two
separate selections, many anti-P-positive scFvs could be
identified by ELISA, but after fingerprint analyses and
sequencing, only two very dominant clones were found,
one from each selection. The particular conformation of
the epitopes recognized by these antibodies possibly does

o

>

Figure 5. Mutational analysis of the major epitope recognized by the anti-P antibodies. The C-10 peptide sequence was used to synthesize
peptide libraries according to the SPOT method. Membranes were probed with recombinant anti-P antibodies (4) and human anti-riboso-
mal sera (B). Four out of seven anti-P protein patient sera tested contain antibodies directed against the central part of the epitope with
Gly', Phe''! and Gly'"? being the key residues (serum 11167, 23646, L8 and 0217). The other sera are more specific for the most C ter-
minal part of the epitope (M88, M26, K33). Except for one serum (M88), no significant contribution to the antibody binding could be ob-
served by the acidic stretch of three Asp residues. For scFv A4, the amino acids Phe!'!, Leu''3, Phe!''* and Asp!'"® could be identified as the
key residues for recognition. ScFv C10 displayed a more unspecific recognition pattern. Phe''* and Asp''> could be replaced by only a few

amino acid residues and thus represent the key residues for scFv C10.
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Figure 6. In vitro translation experiments. The A4 recombinant
anti-P antibody (4) and another non-ribosome-related recombinant
antibody (Ra3) (B) were added to the translation reaction in the
presence of ¥S-methionine, at six different dilutions as reported at
the top of the figure. The corresponding concentration is indicated
at the bottom of the blots. Proteins were size fractionated by 10%
SDS-PAGE and the reaction visualized by fluorography. The band
on the gels corresponding to the luciferase protein used for the
translation was not visible when 920 ng/pl of the recombinant anti-
P antibody was added to the translation reaction (lane 1) (4). The lu-
ciferase band was more evident when the concentration in the trans-
lation mixture of the recombinant anti-P antibody was lower (lanes
2-6). No decrease in the signal was observed when the non-ribo-
some-related recombinant antibody (lanes 1-6) (B) was used. In
the control lane C, no recombinant antibody was added.

not permit the selection of many different types of scFv
clones. Moreover, the two selected scFvs were derived
from the same VH3 germline gene family. ScFv A4 has a
medium mutation frequency compared to recombinant
antibodies selected from other autoimmune-patient-de-
rived phage display libraries [29, 32, 34]. In contrast, the
VH sequence of scFv C10 contains a relatively long
CDR3 region and is almost identical to the germline se-
quence. The low number of mutations might indicate the
presence of autoreactive naive B cells in these SLE pa-
tients. Furthermore, both VL genes contain average num-
bers of mutations compared to previously isolated re-
combinant autoantibodies [29, 32, 34].

The selected recombinant anti-P antibodies specifically
recognize the P proteins in immunoblotting. Recombi-
nant antibody A4 recognizes PO and P1, while antibody
C10 recognizes all three P proteins. This is in agreement
with results with polyclonal patient anti-P antibodies:
some patient sera contain anti-P antibodies recognizing
all three P proteins on Western blot, whereas some recog-
nize only one or two P proteins. This might be due to the
fact that the targeted epitopes, although located within

Recombinant anti-P protein autoantibodies

the C-22 terminal end that is common to the three P pro-
teins, also depend on sequences which are more N termi-
nally located [14]. Since we did not observe differences
in the recognition of the C-terminal epitope (for both
clones, amino acids 111—115 are critical for recognition),
we assume that some subtle sequence changes in the
more N terminal regions of the P proteins determine their
different recognition by the scFvs on immunoblots. Via
epitope characterization at the amino acid level using
SPOT technology, although the two selected recombinant
antibody fragments bind to the same region around amino
acids 112—115 (of the human P2 sequence), they display
a different fine specificity. Since scFv A4 proved to be
more specific for the major ribosomal P epitope, as re-
vealed by a lower number of tolerated amino acid substi-
tutions, one might speculate that this clone represents a
more evolved antibody.

The finding that the scFvs immunoprecipitate the P
protein complex from a total cell extract and are able
to immunolocalize the P proteins in the cytoplasm of
HEp-2 cells indicates that these recombinant anti-P anti-
bodies recognize the native epitope. The immunofluores-
cence pattern of the selected antibodies is virtually iden-
tical to that observed for anti-P antibodies contained in
the SLE patient serum used as a control (compare fig. 2a
and b to c¢). A weak staining of the nucleoli was only ob-
served using the patient serum and not with the recom-
binant antibodies, possibly because the former contains,
in addition to anti-P antibodies, autoantibodies recogniz-
ing nucleolar-localized antigens such as PM/Scl or fib-
rillarin.

We can conclude from our results that the recombinant
anti-P antibodies are very specific monoclonal anti-P
protein antibodies that mimic the patients’ polyclonal an-
tibody response.

The last ten amino acid residues of the P proteins are
known to be very conserved in all eukaryotes, suggesting
that the C terminal end has a very important role in the
function of these proteins [41]. This part of the P proteins
is exposed and interacts with the elongation factor eEF-2
during the synthesis of proteins [1, 6].

We have shown that the recombinant anti-P antibody A4,
but not the control scFv, inhibits the in vitro translation of
luciferase in a reticulocyte cell-free system, most likely
by interacting with the functional domain of the P pro-
teins. This experiment not only confirms that the P pro-
teins are essential for ribosome activity during transla-
tion, but also corroborates the notion that patient autoan-
tibodies are often directed to the functional centre of their
autoantigenic target. This has been shown previously for
the scleroderma-specific autoantibodies directed to DNA
topoisomerase I [42] but also for other autoantibodies
such as those directed to the U1-70K protein (inhibition
of splicing) and for the myositis-specific antibody Jo-1
(inhibition of charging of His-tRNA) [43]. In future stud-
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ies, these recombinant anti-P antibodies will be applied
for exploring the pathogenic role of the anti-P antibodies
in systemic lupus erythematosus.
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