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Summary

 

The aim of this study was to identify immunoreactive domains on human
ribosomal P0, P1 and P2 proteins, other than the C-22 peptide, to develop a
novel ELISA using a combination of these proteins and to compare this ELISA
with one using the C-22 peptide. Human recombinant P0, P1, P2 and mutant
P0 lacking the homologous C-22 peptide (N-P0) were produced in bacteria
and tested by ELISA and immunoblotting using sera from 48 patients with
systemic lupus erythematosus (SLE), 48 with an unrelated inflammatory dis-
order (Crohn’s disease) and 47 healthy controls. ELISA with P0, P1 and P2,
premixed at equimolar concentrations, gave higher OD readings than each
protein tested individually. Eighteen SLE sera tested positive by ELISA with
premixed P0, P1, P2 but only 3 tested positive with the C-22 peptide. Twenty-
two SLE sera reacted positively, as determined by immunoblotting, with 5 dif-
ferent P protein combinations: P1P2, P0P1P2, P1, P0P1, P0 and P1. Only sera
reactive with all three P proteins reacted with the C-22 peptide, with absent or
minimal reactivity with N-P0. Native antigens yielded sensitivity (6/48, 13%)
similar to the C-22 peptide assay. An ELISA with premixed P1 and P2 gave
higher OD values than the arithmetic means with P1 or P2. Fifteen SLE
patients had antibodies to double stranded (ds)-DNA, of which 6 also had
antibodies to P0P1P2 by ELISA but 12 reactive with P0P1P2 did not have dis-
cernable ds-DNA antibodies. Ribosomal P autoantibodies react mainly with
epitopes N-terminal to a homologous C-22 peptide. An ELISA with premixed
P0, P1 and P2 has 5-fold greater sensitivity (38%) for SLE than an assay with
the conventional C-22 peptide (7%). The combined sensitivity for SLE for
antibodies to P0P1P2 and ds-DNA is 56%, higher than C-22 and ds-DNA,
38%. Only one of the SLE patients had neuropsychiatric lupus.
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Introduction

 

Autoantibodies to acidic ribosomal phospho (P) proteins are
reported in 10–20% of patients with systemic lupus erythe-
matosus (SLE) [1–5] with higher frequencies in Chinese
populations (36–38%) [5–7] and juvenile-onset SLE [8].
There are reports of an association of anti-ribo-P with active
SLE [9,10], and disease of the kidney [11,12], liver [13,14]
and nervous system [15–18] but associations particularly
with neuropsychiatric lupus are contentious [19].

Ribosomal P proteins are proposed to exist as a pentamer
of 3 proteins, P0 (38 kD), P1 (19 kD) and P2 (17 kD) with 2
P1/P2 heterodimers binding one molecule of P0 through the

P1 molecule [20–22]. The pentamer binds the GTPase-
associated domain of 28S rRNA of the 60S subunit and
interacts with elongation factors 1 

 

a

 

 and 2 [23,45]. It has
been suggested that this pentamer is responsible for autoan-
tibody production [24], that autoantibodies recognize both
linear and conformational epitope(s) [25,26], and that CD4
T lymphocytes help antibody production [27]. The autoan-
tibodies inhibit protein synthesis [28,44] and to bind and
penetrate human plasma membranes causing cellular
dysfunction [29,30].

Autoantibodies target all 3 ribosomal P proteins [31] and
phosphorylation does not appear necessary for autoantibody
recognition [25]. Previously, a homologous 22 amino acid
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C-terminal (C-22) sequence shared by all 3 ribosomal P
proteins was suggested as the dominant immunoreactive
domain [32–35], with a major epitope in the 6 C-terminal
amino acids [36]. This observation has led to increasing reli-
ance on immunoassays using a synthetic C-22 peptide for
autoantibody detection. There is also a report of an assay
using 4 copies of the C-13 peptide [37].

To re-examine the question of the autoantibody-reactive
domains on all 3 ribosomal P proteins and to cover the full
range of putative epitopes we generated full length human
recombinant P0, P1 and P2 proteins for application in an
ELISA and immunoblotting. To assess the reactive domains
we examined reactivity with a mutant human ribosomal P0
protein lacking the homologous C-22 sequence, and with
P1/P2 heterodimers. We found that the predominant immu-
noreactive domains of the 3 ribosomal P proteins are located
N-terminal to the homologous C-22 sequence and that an
ELISA with premixed P0, P1 and P2 proteins has a sensitivity
of 38% for SLE, compared with a sensitivity of 7% for an
ELISA using the homologous C-22 peptide.

 

Materials and methods

 

Human sera

 

SLE (

 

n

 

 

 

=

 

 48) and Crohn’s disease as inflammatory control
sera (

 

n

 

 

 

=

 

 48) obtained from the University of Calgary, Can-
ada and blinded before testing. The SLE sera were ran-
domly selected from a cohort of patients meeting the ARA
criteria for the diagnosis of SLE [38]. Only one of these
SLE patients had neuropsychiatric lupus. Anti-ribosomal P
positive control serum was determined by Hep-2000 indi-
rect immunofluorescence (ImmunoConcepts®, USA) and
anti-ribosomal P ELISA (INOVA®, USA) assays. Normal
control serum was obtained from a healthy female. Normal
human sera (

 

n

 

 

 

=

 

 47) were obtained from an Australian
blood bank.

 

Recombinant constructs and bacterial expression

 

Ribosomal P0, P1 and P2 cDNA were obtained by RT-PCR
using HeLa cell mRNA, Avian Myeloblastosis Virus (AMV)
reverse transcriptase (Roche), and appropriate primers for
cloning into pET-15b expression vector (Novagen). The
cDNA was PCR-amplified using Deep Vent® DNA poly-
merase (New England Biolab). pET-15b plasmid (Novagen)
and P0, P1, P2 and N-P0 were digested with 

 

Nde1

 

 and 

 

Xho1

 

,
dephosphorylated with alkaline shrimp phosphatase (Boe-
hringer Mannheim), ligated using T4 DNA ligase (Promega,
USA) and used to transform 

 

E. coli

 

 DH5

 

a

 

. In-frame DNA
sequences were confirmed (ABI Prism

 

TM

 

 Big Dye, Baker
Institute). Single colonies of pET-P0, pET-N-P0, pET-P1 and
pET-P2-transformed 

 

E. coli

 

 BL21(DE3) were inoculated into
bacterial culture broth and induced with IPTG (0·7 mM) at
37

 

∞

 

C for 2–3 h.

 

Ni-NTA affinity chromatography

 

IPTG induced pET-P0, P1, P2 and N-P0 transformed bacte-
rial cell pellets were frozen overnight, resuspended in buffer
(0·1 M NaH

 

2

 

PO

 

4

 

, 10 mM Tris-HCl and 6 M guanidine-HCl,
pH 8), incubated at room temperature for 30 min and pel-
leted. Supernatants were applied to a Ni-NTA column
(Qiagen), washed with buffer, pH 6·3 and proteins eluted in
pH 4·6 buffer, then dialysed in buffers, 50 mM NaH

 

2

 

PO

 

4

 

,
100 mM NaCl, 0·1% Tween-20, 2 mM DTT, 1 

 

m

 

g/ml leupep-
tin, 1 

 

m

 

g/ml aprotinin and 100 

 

m

 

g/ml PMSF, pH 7·4 using
protein concentrator, Vivaspin20® with a 5 kD cut off
(Sartorius). Protein concentrations were determined by the
Lowry method (Pearce, USA).

 

SDS-PAGE and immunoblotting

 

Protein samples (1 ml) in SDS sample buffer containing
62·5 mM Tris-HCl, 1% SDS, 10% glycerol, 0·001% bro-
mophenol blue (w/v) and 0·7 M 

 

b

 

-mercaptoethanol, pH 8,
were boiled for 3 min, followed by 12·5% SDS-PAGE [39] at
100 V and 40 mA at 25

 

∞

 

C. The gels were stained with 0·25%
(w/v) Coomassie blue.

For immunoblotting, proteins were separated on 12·5%
SDS-PAGE and transferred to nitrocellulose membranes at
4

 

∞

 

C for 16 h at 36 V in buffer (25 mM Tris-HCl, 192 mM gly-
cine and 20% ethanol, pH 7·6), blocked with 5% (w/v) skim
milk in the buffer and incubated with anti-ribosomal P
positive or negative serum at room temperature for 1 h.
Membranes were washed with PBS-T buffer for 20 min,
incubated for 1 h with 1 : 10 000 dilution of horseradish
peroxidase conjugated goat anti-human IgG, IgM and IgA
(DAKO, Denmark) in 1 

 

¥

 

 TBS-T, reacted with SuperSignal®
chemiluminescence substrate (Pierce, USA) and signals
detected on Super HR-G30 film (Fuji, Japan) using Kodak
RP X-OMAT.

 

Enzyme-linked immunosorbent assay (ELISA)

 

His

 

6

 

-P0, -P1 and -P2 preparations (50 

 

m

 

l) were distributed
into Costar® microplate wells, incubated overnight, washed
seven times with PBS, and blocked for 1 h with buffer con-
taining 2% skim milk and 10% calf serum. Wells were
washed once with PBS, incubated for one hour with anti-
ribosomal P positive and negative sera (50 

 

m

 

l in blocking
buffer), washed seven times with PBS-T and incubated for 1
h with horseradish peroxidase conjugated to goat anti-
human IgG (referred to as IgG-HRP) (ImmunoConcepts®,
USA) (50 

 

m

 

l). After a further 7 washes, wells were incubated
for 5 min with substrate solution (50 

 

m

 

l) containing TMB
and H

 

2

 

O

 

2

 

. Reactions were stopped with stop solution (50 

 

m

 

l)
containing sulphuric and hydrochloric acids. Optical density
at 450 nm (OD

 

450nm

 

) was measured with a Microplate Reader
(model 3550) (BIO-RAD). Random SLE sera (

 

n

 

 

 

=

 

 48) were
also tested by ELISA with either C-22 peptide INOVA®
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(USA) or native ribosomal-P antigen (Arotec Diagnostics,
New Zealand).

 

Antibody to ds-DNA

 

Antibody to ds-DNA was determined by standard immun-
ofluorescence with 

 

Crithidia luciliae

 

 (ImmunoConcepts®,
USA) [40].

 

Statistical analysis

 

ELISA cut-off value was calculated by mean 

 

+

 

 3 standard
deviation of the OD values obtained from normal sera using
Descriptive Statistics from Microsoft® Excel.

 

Results

 

Purified recombinant human ribosomal P proteins 
are immunoreactive

 

Figure 1a shows features of the three human recombinant
P0, P1 and P2 proteins including a N-terminal 6 

 

¥

 

 His-tag
(referred to as His

 

6

 

-) and the common C-22 sequences. The
mutant protein N-P0 lacks this C-22 amino acid sequence.
Protein purification was monitored by SDS-PAGE and
Coomassie blue staining (Fig. 1b). Purified P0 (38 kD), P1
(19 kD), and P2 (17 kD) proteins reacted by immunoblot-
ting with a ribosomal P antibody positive serum from a
patient with SLE (Fig. 1c).

 

Premixed P0, P1 and P2 gives maximal reactivity 
by ELISA

 

To determine the optimal protein concentration for ELISA,
we coated ELISA plates with 0–2·5 

 

m

 

M P0, P1 and P2 pro-
teins or with equimolar concentrations of P0, P1 and P2
mixed together in a molar ratio of 1 : 2 : 2 or 1 : 1 : 1. ELISA
was performed with the anti-ribosomal P positive and neg-
ative control sera as described in Materials and Methods.
Coating concentrations, 0·6 

 

m

 

M P0, 0·2 

 

m

 

M P1, 0·6 

 

m

 

M P2
and premixed P0P1P2 each at 40 nM, gave maximal reactiv-
ity with anti-ribosomal P antibody while the normal human
serum was nonreactive (

 

<

 

 0·2 at OD

 

450nm

 

, Fig. 2a). No differ-
ence was observed between equimolar concentrations of P0,
P1 and P2 mixed at molar concentrations of 1 : 1 : 1 com-
pared to 1 : 2 : 2 (data not shown).

Next, we determined the optimal serum dilution of ribo-
somal P antibody for the optimized P0, P1, P2 and premixed
P0P1P2 ELISA by diluting positive and control sera from 1 in
50 to 1 in 25 600 (Fig. 2b). Premixed P0P1P2 ELISA gave
higher OD

 

450nm

 

 values than those obtained with each riboso-
mal P protein, used at molar concentrations that were 5–15
times higher than the premixed P0P1P2 preparation. The
optimal serum dilution for the premixed protein sample was
1 in 200.

To determine the optimal dilution for IgG-HRP, the con-
jugate was diluted from 1 in 250 to 1 in 12 800 using opti-
mized ELISA conditions determined previously. 40 nM of
premixed P0, P1 and P2 proteins again gave 3–6 fold higher
OD

 

450nm

 

 values than that observed with each P protein indi-
vidually. Optimal dilution of the IgG-HRP conjugate was 1
in 2000 (Fig. 2c).

We determined the cut-off value at OD

 

450nm

 

 for premixed
P0P1P2 ELISA using the optimized experimental conditions
by testing serum samples from SLE patients (

 

n

 

 

 

=

 

 48), healthy
humans (

 

n

 

 

 

=

 

 47) and non-SLE inflammatory disease control
patients (

 

n

 

 

 

=

 

 48) (Fig. 4). The OD

 

450nm

 

 value of 0·2 was taken
as the cut-off as determined by the mean 

 

+

 

 3 standard devi-
ation of the OD values obtained with the normal sera, this
was collaborated by the region where the binding curves for
OD values with the normal human sera overlapped that for
OD values for the SLE sera.

 

Reaction of ribosomal P protein antibody with premixed 
P and P2 proteins

 

To ascertain whether anti-ribosomal P antibodies react with
epitopes in P1/P2 heterodimers, we coated microtiter wells
with 40 nM, of individual P1 or P2 proteins or with pre-
mixed P1 and P2 proteins for tests with the positive and neg-
ative control sera in dilutions ranging from 1 in 50 to 1 in
25 600. Reactivity of positive anti-ribosomal P serum with
premixed P1 and P2 proteins was 40% greater than the sum
of the arithmetic means of reactivity with individual P1 and
P2 proteins at a serum dilution of 1 in 100. (Fig. 3a).

Next, anti-ribosomal P positive and negative sera were
pre-incubated with 40–200 nM premixed P1 and P2 pro-
teins, and binding curves of each serum sample to microtitre
wells coated with premixed P1P2 (40 nM each) were
obtained in the same dilution range as in Fig. 3a. Reactivity
of anti-ribosomal P antibody was reduced by pre-incubation
with increasing concentrations of premixed P1 and P2 pro-
teins. However a 40% residual reactivity was evident after
pre-incubation with 200 nM premixed P1 and P2 (or P1P2)
proteins (Fig. 3b). Following pre-incubation with 80 nM
premixed P1P2 proteins, while a residual 40% reactivity to
premixed P1 and P2 proteins was also evident, the serum was
largely non reactive with either P1 or P2 protein alone in 1 in
100 or 1 in 200 serum dilution (Fig. 3c).

 

ELISA with P0, P1, P2 is more sensitive than with 
C-22 peptide

 

Of the 48 SLE sera, 18 sera tested positive for anti-
ribosomal P antibody in the ELISA assay using the recom-
binant antigens (Fig. 4). Of the positive sera, only 3 sera
tested positive for the C-22 peptide with OD

 

450nm

 

 values
ranging from 0·9 to 2·4. Fifteen anti-ribosomal P immu-
noreactive signals observed with premixed P0P1P2 ELISA
were distributed between OD

 

450nm

 

 values 0·2 and 0·4, but
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none of these sera gave OD

 

450nm

 

 values 

 

>

 

 0·2 by C-22 pep-
tide ELISA. On the basis of these observations, the sensitiv-
ity of the ELISA for detection of SLE with the premixed
P0P1P2 is 38% while the sensitivity with the C-22 peptide
ELISA is 7% (Table 1).

 

Antibodies to ribosomal antigens exhibit diverse 
reactivity with P proteins

 

Immunoblotting of the 48 SLE sera showed that overall, 22
tested positive for the P proteins, giving a sensitivity of 46%

 

Fig. 1.

 

Human bacterial recombinant ribosomal P 

proteins. (a) Stick diagrams of recombinant human 

ribosomal P0, P1, P2 and mutant N-P0 proteins. 

Recombinant human ribosomal P0, P1, P2 and 

mutant N-P0 sequences have N-terminal 6 

 

¥

 

 His-

tags. Homologous C-22 sequences shown in P0, P1 

and P2 are missing in mutant N-P0. (b) Purity and 

(c) immunoblot-reactivity of recombinant P 

proteins. Ni-NTA affinity chromatography-purified 

P0, P1, P2 and N-P0 proteins were electrophoresed 

in 12·5% SDS-PAGE and protein bands visualized by 

(b) Coomassie blue staining and (c) immunoblot-

ting with SLE anti-P positive control serum. Lanes 1 

and 4: P0, Lane 2: P1, Lane 3: P2 and Lane 5: N-P0.
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Fig. 2.

 

ELISA optimization. (a) Protein coating 

concentrations. ELISA plates were coated with 

each P0, P1 or P2 protein or an equimolar mix 

of P0, P1 and P2 proteins (premixed P0P1P2) in 

concentrations ranging from 0 to 2·5 

 

m

 

M. Bind-

ing curves were obtained with ribosomal P-pos-

itive (closed symbols) or negative serum (open 

symbols) for P0 

(

 

�

 

, 

 

�

 

), P1 (

 

�

 

, 

 

�

 

) and P2 (

 

D

 

, 

 

�

 

) or premixed 

P0P1P2 (

 

�

 

, 

 

�

 

). Peak concentration at OD

 

450nm

 

 

for P proteins, representing optimal coating con-

centrations, are in parentheses. (b) Serum dilu-

tions. ELISA plates were coated with optimal 

coating concentrations determined in (a) and 

tested with ribosomal P positive or negative sera 

at dilutions ranging from 1 in 50 to 1 in 25 600. 

IgG-HRP conjugate dilution was 1 in 8000. Bind-

ing curves were obtained as in (a). Optimal 

serum dilution of ribosomal P positive serum 

(1 : 200) was taken as the point where two linear 

segments drawn from the P0P1P2 binding curve 

met. (c) Conjugate dilutions ELISA wells were 

coated with optimal protein coating concentra-

tions and with optimal serum dilutions deter-

mined in (a) and (b) and reacted with IgG-HRP 

conjugate at dilutions ranging from 1 in 12,800–

1 in 250. Binding curves were obtained and opti-

mal conjugate dilution determined as in (b).
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(Table 2). Of these, 13% gave anti-P0P1P2 reactivity (

 

n

 

 

 

=

 

 6),
13% anti-P0P1 (

 

n

 

 

 

=

 

 6), 10% anti-P1P2 (

 

n

 

 

 

=

 

 5), 6% anti-P1
only (

 

n

 

 

 

=

 

 3) and 4% anti-P0 only (

 

n

 

 

 

= 2) (Fig. 5). The 6 sera
that were reactive with P0, P1 and P2 included the 3 sera that
were reactive with the C-22 peptide by ELISA.

Only one out of the 18 SLE sera that tested positive in the
premixed P0P1P2 ELISA was nonreactive by immunoblot-

ting with the ribosomal P proteins. Four SLE sera that tested
negative by the ELISA were reactive with the P proteins by
immunoblotting. The 3 sera from patients with Crohn’s dis-
ease that tested positive by the ELISA were nonreactive with
P proteins by immunoblotting.

Antibodies to ribosomal antigens predominantly 
react with domains N-terminal to the homologous 
C-22 peptide

Six sera that were reactive with all 3 P0, P1 and P2 proteins,
of which 3 were also reactive with the C-22 peptide by ELISA,
were further examined by immunoblotting for reactivity
with P0 compared with mutant N-P0 lacking the homolo-
gous C-22 peptide (Fig. 6). The 3 sera that were nonreactive
with the C-22 peptide by ELISA were immunoblot-reactive
with mutant N-P0 lacking the C-22 peptide. Of the 3 sera
that were reactive with the C-22 peptide (lanes 1–6), one was
nonreactive with the mutant (lane 2) while the other two
retained reactivity with the N-P0 mutant albeit with dimin-
ished intensity (lanes 4 and 6). Serum reactive with all three
P proteins, but not to C-22 peptide was reactive to both P0
and N-P0 (lanes 7–8). Immunoblots were also carried out
with representative sera that were immunoblot-reactive only
to P0P1 or P1P2, but not to C-22 peptide. Serum reactive
with P0P1 reacted with both full length P0 and mutant N-P0
(lanes 9 and 10) while serum reactive with P1P2 was non
reactive with P0 or N-P0 (data not shown).

Combination of antibodies to ribosomal P antibodies 
and ds-DNA gives increased sensitivity for SLE

Fifteen of 48 SLE sera were positive for antibody to ds-DNA
as determined by immunofluorescence reactivity with
Crithidia luciliae, giving a sensitivity of 31% for the diagnosis
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Fig. 3. (a) Binding curves for premixed P1 and P2. ELISA microwells 

were coated with 40 nM P1 or P2 or premixed P1P2. Anti-ribosomal P 

binding signals were background (OD450nm value < 0·2) subtracted. Anti-

ribosomal P versus individual P1, P2 and premixed P1P2 binding curves 

are marked in open rectangle, open triangle and closed circle, respec-

tively. Broken line represents the combined anti-P1 and -P2 binding 

intensity at 450 nm. Stick bar at 1 in 100 dilution represents 40% of 

additional signal for premixed P1P2. (b) Binding curves for 40 nM 

premixed P1 and P2 coated on microwells following pre-incubation 

with premixed P1 and P2 at concentrations ranging from 40 nM to 

200 nM. Stick bar at 1 in 100 dilution represents 40% residual reactivity 

after pre-incubation with 200 nM P1P2. (c) Binding curves for pre-

mixed 40 nM P1P2, P1 or P2 following pre-incubation with 80 nM 

P1P2. Stick bar represents residual 40% anti-ribosomal P reactivity that 

does not react with either P1 or P2 alone. Background signals were 

measured using normal human serum for individual P1, P2 and pre-

mixed P1P2 samples. Positive and negative control sera concentrations 

were diluted from 1 in 50 to 1 in 25 600.
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of SLE (Table 3). Of these 15 sera, 6 were also reactive with
ribosomal P0P1P2 ELISA whereas 9 were nonreactive. Of the
18 sera that were positive for ribosomal P0P1P2, 12 were
negative for antibodies to ds-DNA. Hence the detection of
antibodies to either P0P1P2 and ds-DNA, or both, gave a
sensitivity of 56% for the diagnosis of SLE.

Discussion

We have produced bacterial recombinant human ribosomal
P0, P1 and P2 proteins of high quality and sufficient quantity
to examine the immunoreactive domains of these proteins
that react with autoantibodies that segregate with SLE.

Previously, a homologous C-22 peptide sequence shared
with all 3 proteins was deemed the dominant immunoreac-
tive domain [32–35] and has become the conventional anti-
gen in diagnostic kits from a variety of manufacturers.
However, our studies indicate the immunodominant
domains are predominantly N-terminal to this homologous
sequence. This suggestion is supported by the following
observations accruing from our present study.

First, we found that an ELISA using all 3 ribosomal pro-
teins (P0P1P2) that were premixed at equimolar concentra-
tions in solution gave a 5-fold greater sensitivity of detection
of SLE (38%) compared to an ELISA with the common C-22

Fig. 4. Serum reactivity with premixed P0P1P2 

and C-22 peptide by ELISA. SLE sera (n = 48), 

normal human sera (n = 47) and non-SLE 

inflammatory sera (n = 48) were random tested 

by ELISA with premixed P0P1P2 proteins using 

optimized protocol determined in Fig. 2 or with 

C-22 peptide (INOVA®, USA). OD450nm values 

are displayed as scatter plots and horizontal bars 

represent mean values. Horizontal broken line at 

0·2 represents the cut-off value, for premixed P0, 

P1 and P2 ELISA and the line at 20 units is the 

recommended cut-off for the C-22 ELISA 

(INOVA®, USA).
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Table 1. ELISA sensitivities and specificities for SLE using premixed P0P1P2 or C-22.*

Sera n

P0P1P2 C-22* Sensitivity Specificity 

(+) (–) (+) (–) P0P1P2 C-22* P0P1P2 C-22*

Random SLE‡ 48 18 30 3 45 38% 7% – –

Normal human 47 0 47 0 47 – – 100% 100%

Inflammatory† 48 3 45 0 48 – – 94% 100%

*INOVA® (USA). †Non-SLE (Crohn’s disease). ‡Sensitivity for SLE with native ribo-P ELISA (Arotec Diagnostics, New Zealand) is 6/48, 13%.

Table 2. Comparison of sensitivity for SLE using premixed P0P1P2 

ELISA or immunoblotting.*

Name No. of (+) No. of (–) Sensitivity

ELISA 18† 30 38%

Immunoblotting* 22 26 46%

*1 mg of each P0, P1 and P2 protein. †17 sera tested (+) by ELISA

and immunoblotting.

Table 3. Results of premixed P0P1P2 ELISA and ds-DNA IF* with SLE 

sera.

Number 

ds-DNA (+) ds-DNA (–)

P0P1P2 (+) 6† 12†

P0P1P2 (–) 9† 21

*IF, immunofluorescence using Crithidia luciliae. †Combined sen-

sitivity for SLE with the two assays is 27/48 (56%).



J. L. J. Lin et al.

162 © 2005 British Society for Immunology, Clinical and Experimental Immunology, 141: 155–164

peptide (sensitivity of 7%). Moreover, we found anti-C-22
reactivity only with high titre antibodies that reacted with all
3 P proteins. Clearly the 5-fold increased sensitivity with all
3 proteins is likely a reflection of antibody reactivity with
domains in each of the 3 proteins in addition to those at the
common C-22 region. The suggestion is further supported
by the observation that the ELISA with the 3 P proteins at
equimolar coating concentrations collectively gave > 3-fold
higher OD values compared to ELISAs with individual P
proteins used at much higher coating concentrations. Our
observations are consistent with a previous study with rat
ribosomal P proteins that have also predicted the presence of
epitope(s) other than those on the common C-22 sequence
[41]. It is possible that molecular interactions between the 3
proteins arising from pentamer formation may have contrib-
uted to the enhanced sensitivity of the premixed P0P1P2
ELISA. However, mixing the 3 proteins at molar concentra-
tions of P0, P1 and P2 of 1 : 2 : 2 did not give any increased

sensitivity for the assay. Reduction of OD450nm values with
increasing protein coating concentrations (0·6–2·5 mM) is
likely to be the consequence of protein aggregation in solu-
tion that resulted in reduced binding of the P proteins to
microtitre wells. This suggestion is supported by our obser-
vation of immunoreactive 76 and 30 kD bands that corre-
spond to P0 and P2 dimeric protein aggregates at higher
ribosomal protein P concentrations (data not shown). This
suggestion is also consistent with previous reports of protein
aggregation with high concentrations of recombinant ribo-
somal P proteins [20].

Second, our observation that premixed ribosomal P1 and
P2 proteins gave greater reactivity by ELISA than the sum of
the arithmetic mean with each protein suggest that premix-
ing may have resulted in the formation of molecular com-
plexes such as P1 and P2 heterodimers, that in turn may have
generated additional epitopes. This suggestion is further
supported by our observation that attempts to neutralize
serum reactivity by pre-incubation with increasing concen-
trations of premixed P1 and P2 proteins failed to completely
neutralize reactivity with premixed P1 and P2 proteins but
instead largely neutralized reactivity with individual P1 and
P2 proteins. The results suggest that pre-incubation with
premixed P1 and P2 proteins removed reactivity with
epitopes on the individual proteins but not those on the P1/
P2 heterodimer. Our data suggests that at least 40% reactiv-
ity with P1 and P2 proteins can be attributed to reactivity
with P1P2 heterodimers. Indeed, mixing of P1 and P2 pro-
teins results in formation of P1/P2 heterodimers as demon-
strated by gel mobility shift and chemical cross-linking
assays [22]. Generation of P1/P2 heterodimers may have
revealed site(s) masked within each individual protein or
conformational sites apparent only on the dimer(s). This
suggestion is further supported by the observation that
immunization of mice with P1/P2 heterodimers but not with
P1 and P2 depleted-ribosomes produced antibody to all
three ribosomal proteins and that pre-incubation of anti-
body with premixed P1/P2 abrogated antibody-mediated
inhibition of protein synthesis by 70% [43]. In this context it
should be noted that of 22 sera that gave immunoblot reac-

Fig. 6. Immunoblotting with wild type and 

mutant P0 (N-P0) protein. Full length P0 (lanes 

1, 3, 5, 7 and 9) or mutant P0 (lanes 2, 4, 6, 8 and 

10) were immunoblotted with sera containing 

anti-P0P1P2 (lanes 1–8) or anti-P0P1 (lanes 9 

and 10). Anti-P0P1P2–reactive sera reacted only 

with P0 (lanes 1, 3 and 5); anti-P0P1-reactive 

serum reacted with both P0 and N-P0 (lanes 9 

and 10).

–

–

–

- P0 (38 kD)

- N-P0 (35 kD)

50

38

25

C-22 (+) C-22 (–) 

kD 1 2 3 4 5 6 7 8 9 10

anti-P0P1P2 (+) anti-P0P1(+)

P0-(1-317) + – + – + – + – + – 
N-P0-(1-287) – + – + – + – + – + 

Fig. 5. Immunobloting with P proteins. The figure shows the distribu-

tion of immunoblot-reactivity for 22 SLE random sera with individual 

or combinations of P proteins. Of 22 sera immunoblotted to all three P 

proteins, 6 were found immunoreactive to either all three P proteins 

(anti-P0, P1 and P2) or to P0 and P1 (anto-P0 and –P1). Five were 

found immunoreactive to both P1 and P2 (anti-P1 and -P2). Anti-P0 

and -P1 were found in 2 and 3 sera, respectively.
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tivity with the ribosomal P proteins, 11 sera (50%) were
reactive with combinations that included P1 and P2 proteins.

Third, the heterogeneity of the antibody reactivity with
the ribosomal P proteins does not support the tenet that the
dominant immunoreactive domain is restricted to the
homologous C-22 sequence. We found that 16 (73%) of 22
sera were reactive with a single ribosomal P protein or pairs
of these proteins, an unlikely outcome if the dominant
domain is a sequence shared by all 3 proteins. This sugges-
tion is consistent with the observation that only monoclonal
antibodies reactive to all 3 proteins, and not those reactive
with P1 or P2 alone, recognized the homologous C-22
sequence [42].

Fourth, of 48 SLE sera, only 6 reacted by immunoblotting
with each of the 3 ribosomal P proteins. Of these, only 3
reacted by ELISA with the common C-22 peptide and were
nonreactive with mutant N-P0 lacking the C-22 peptide
sequence (lanes 2, 4 and 6). The other 3 appear to react with
epitopes N-terminal to the C-22 peptide because they were
nonreactive with the C-22 peptide by ELISA but reacted with
mutant P0 lacking this sequence. Moreover, the observation
that 3 of the 6 sera reactive with the 3 proteins were nonre-
active with the C-22 peptide but reactive with N-P0 indicates
that sera reactive with the 3 proteins are not necessarily
restricted to reactivity with the C-22 peptide.

In conclusion, we have found that the predominant
immunoreactive domains on ribosomal P proteins reside N-
terminal to a homologous C-22 peptide sequence shared
with all 3 proteins. Further we have established a novel and
sensitive ELISA using all 3 proteins together that has a 5-fold
enhanced sensitivity for SLE than an ELISA with the C-22
peptide or native ribo-P proteins. The observation of a com-
bined sensitivity of 56% for diagnosis of SLE by detecting
autoantibodies to ribosomal P proteins and/or to ds-DNA by
the Crithidia assay suggest that both reactivities should be
tested in the laboratory investigation of patients with this
disease. Finally, the observation that only one patient of the
SLE cohort had neuropsychiatric lupus suggest that the pres-
ence of antibodies to ribosomal P proteins is not associated
with this complication. However, given the small size of the
cohort of SLE patients in the present study, the enhanced
diagnostic value of this assay for SLE and its lack of associ-
ation with neuropsychiatric lupus require confirmation with
a study with a larger group of patients.
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