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Abstract Increasing evidences suggest that the type I interferon α (IFNα) plays a critical role in the etiopathogenesis
of systemic lupus erythematosus (SLE), which makes it a
promising therapeutic target for the treatment of the disease.
By screening a large size non-immune human antibody
library, we have developed a human single-chain antibody
(ScFv) AIFNα1bScFv01 and corresponding whole antibody
AIFNα1bIgG01 to human interferon α1b (IFNα1b) with
high specificity and high affinity. The IgG antibody could
S. Ouyang, B. Gong, J. Z. Li and L. X. Zhao contributed equally to this
work.
S. Ouyang : L.-X. Zhao : W. Liang : N. Shaw : Z.-J. Liu (*)
National Laboratory of Biomacromolecules,
Institute of Biophysics, Chinese Academy of Sciences,
Beijing 100101, China
e-mail: zjliu@ibp.ac.cn
B. Gong : W. Wu : F.-S. Zhang : L. Sun : C. Li : M. Liang (*)
National Institute for Viral Diseases Control and Prevention,
China CDC,
Beijing 102206, China
e-mail: mifangl@vip.sina.com
J.-Z. Li : S.-J. Wang : Y. Wang (*)
Shanghai Institute of Immunology, Institute of Medical Science,
Shanghai Jiaotong University School of Medicine,
Shanghai 200025, China
e-mail: ywang@sibs.ac.cn
M. Pan : J. Zheng
Ruijin Hospital, Shanghai Jiaotong University School of Medicine,
Shanghai 200025, China
G.-P. Zhao : Y. Wang
Shanghai-MOST Key Laboratory for Health and Disease
Genomics, Chinese National Human Genome Center at Shanghai,
Shanghai 201203, China

down-regulate the expression of ISG15 and IFIT-1 induced
by either recombinant IFNα1b or naïve IFNα from SLE
patients’ sera, and reduced total serum IgG and IgM antibodies level in a pristane-primed lupus-like mouse model.
The crystal structure of AIFNα1bScFv01-IFNα1b complex
solved to 2.8 Å resolution revealed that both Pro26-Gln40
region in loop AB and Glu147-Arg150 region in helix E of
IFNα1b contribute to binding with AIFNα1bScFv01. Four
residues of above two regions (Leu30, Asp32, Asp35 and
Arg150) are critical for the formation of antigen–antibody
complexes. AIFNα1bScFv01 shares partial epitopes of
IFNα1b with its receptor IFNAR2 but with much higher
binding affinity to IFNα1b than IFNAR2. Thus, AIFNα1bIgG01 exhibits its neutralizing activity through competition with IFNAR2 to bind with IFNα and prevents the
activation of IFNα-mediated signaling pathway. Our results
highlight the potential use of the human antibody for modulating the activity of IFNα in SLE.
Keywords Human antibody . IFNα . Crystal structure .
Epitope . Systemic lupus erythematosus (SLE)

Introduction
Systemic lupus erythematosus (SLE) is a prototypical,
multi-organ autoimmune disease that primarily affects the
skin, joints, blood cells, heart, kidneys, and the nervous
system [1, 2]. The course of the disease, punctuated with
periodic flares and remissions, is unpredictable and is influenced by multiple factors and in some instances by viral
infections [3–6]. Currently, there is no efficient and specific
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treatment method for SLE. Therefore, the development of
new therapeutic strategies for SLE is urgently needed.
Cytokine-mediated immunity plays a crucial role in the
pathogenesis of various autoimmune disorders such as SLE
[7]. Since human type I interferon α (IFNα) are the main
cytokines produced in the very early stage of immune
responses, they are extensively engaged in modulation of
immunological functions of T cells, B cells and dendritic
cells, which are critical for immuno-regulatory effects [8].
However, sustained overproduction of IFNα might break
down the peripheral tolerance leading to the occurrence of
autoimmune diseases [7, 8]. In recent years, studies on SLE
have revealed a central role for IFNα in disease pathogenesis [9]. The features of SLE include unabated production of
IFNα in the patients’ sera and the overexpression of IFNαinducible genes in peripheral blood mononuclear cells
(PBMCs) [10, 11]. The extent of the increase in IFNα
production has a strong correlation with the stages of the
disease [12]. These findings implicate the pivotal role of
IFNα in the pathogenesis of SLE, leading to the development of IFN-related antagonists as a potential therapeutic
intervention in SLE [8, 13].
Therapeutic antibodies targeting IFNα thus become one
of the effective ways in the future clinical applications to
SLE. Previously report that a humanized IFNα antibody
could be used as a therapeutic candidate for insulindependent diabetes, SLE, psoriasis and Crohn’s disease,
which are all characterized by pathological expression of
IFNα [14]. Phage antibody display is one of the most
widely used methods for the generation of fully human
antibodies, while large non-immune and synthetic phage
antibody libraries provided the advantage to screen human
antibody to human protein [15]. In this report, we describe
the generation, characterization and functional analysis of a
high affinity human antibody AIFNα1bScFv01 against human IFNα1b in vitro and in vivo. Further, the resolution of a
crystal structure of AIFNα1bScFv01-IFNα1b complex provided detailed molecular insights into the interaction of
between human neutralizing antibody and IFNα1b.
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IgG antibodies were analyzed with purified IFNα1b by
Western blotting and ELISA as previously described by
Gong et al. [18].
BIAcore biosensor assays
For kinetic studies of the interaction and affinity measurement between IFNα1b and AIFNα1bIgG01 antibody by
surface plasmon resonance (SPR), a BIAcore biosensor
CM5 was used (BIAcore 3000, Sweden). The IFNα1b was
immobilized on the sensor chip in 8.3 μg/ml sodium acetate
buffer, pH 4.0. Antibody was exposed to the chip at 31.25,
62.5, 125, 250, 500 nM in phosphate-buffered saline supplemented with 0.005% Tween-20. The binding on-rate
(Ka) and off-rate (Kd) was measured. The affinity constants
of IgG antibody was calculated using the bivalent analyze
model included in the BIA evaluation software.
Neutralization tests
For antibody neutralization tests, fresh blood samples from
SLE patients and healthy donors were collected and PBMCs
from healthy donors were isolated by density gradient centrifugation. The PBMCs were plated at 1×105/well in 96well plates. IFNα1b with gradient concentrations (0, 10,
100 ng/ml) and AIFNα1bIgG01 antibody (0, 3, 12 μg/ml)
were added to the plates. In addition of the recombinant
IFNα1b, the naïve IFNα from either SLE patients’ sera
or healthy donors’ sera with AIFNα1bIgG01 antibody
(24 μg/ml) were added in separate plates. All above
plates were incubated at 37°C with 5% CO2 for 4 h.
After incubation, total RNAs were extracted from above
PBMCs with TRIzol reagent (Invitrogen, USA) and reverse
transcribed to cDNA. Real-time PCR was performed to detect
the type I IFN-stimulated genes (ISGs), ISG15 and IFIT-1 using
SYBR premix ExTaq (Takara, Japan) according to the manufacturer’s instruction. Each sample was assayed in triplicate
with the 7500 Real-Time PCR system (Applied Biosystem,
USA) for 40 cycles of 5 s at 95°C followed by 34 s at 60°C.
The threshold cycle (Ct) is defined as the fractional cycle
number at which the fluorescence passes the fixed threshold.

Materials and methods
Generation of human antibody to IFNα1b and the binding
specificity
The ScFv antibody AIFNα1bScFv01 screening process was
performed as described previously [16]. The ScFv antibody
gene was cloned into whole IgG expression cassette vectors
pAc-K-CH3 to generate human IgG antibody AIFNα1bIgG01 as described previously [17]. The recombinant
IgG antibody was expressed in Sf9 insect cells and purified
through affinity chromatography. The binding activities of

Pristane priming and AIFNα1bIgG01 treatment in mouse
model
Balb/c mice around 6–8 weeks old were purchased from
Shanghai SLAC Laboratory Animal comapany (Shanghai,
China) and injected intraperitoneally (i.p.) with a single dose
of 500 μl of pristane (2,6,10,14-tetramethylpentadecane,
Sigma, USA) to establish a lupus-like mice model. Control
mice were injected i.p. with 0.5 ml PBS. Sera were collected
once every week to monitor the antibody production until
24 weeks. For antibody treatment, 200 μg AIFNα1bIgG01
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antibodies were injected i.p. per mouse from 16th week after
pristane treatment and continued for 4 weeks. Mice were
killed at the 24th week. The total IgG and IgM antibodies in
above mice sera were detected by ELISA. All the manipulation was performed in accordance with the experimental
animal practice of Shanghai Jiaotong University School of
Medicine.
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as search models. The initial phases were improved with
OASIS [23]. The model was manually improved in Coot
[24]. Refinement was carried out using REFMAC [25] and
PHENIX [26] alternately. TLS method embedded PHENIX
was used in the final stage of the refinement [26]. Details of
data collection and refinement statistics are listed in Table 1.
The quality of the final model was validated with MolProbity
[27].

Protein preparation
Gene fragment of human IFNα1b (amino acids 24–189)
with N-terminal 6His-tag was amplified from human peripheral blood lymphocytes cDNA and cloned into pMCSG7
vector. The IFNα1b was produced in Escherichia coli BL21
(DE3). Cells were harvested and lysed by sonication in PBS
(137 mM NaCl, 2.7 mM KCl, 50 mM Na2HPO4, 10 mM
KH2PO4, pH 7.4). Soluble IFNα1b was purified by Ni
affinity chromatography. After removal of imidazole, Histag was removed by treating the protein with TEV protease.
The tag-less protein was exchanged into a 20 mM Tris–HCl
buffer, pH 7.5, using Superdex G75 (GE healthcare, USA)
column. ScFv antibody AIFNα1bScFv01 expression and
purification was done as described by Gong et al. [18].
The complex was formed by mixing equal molar amounts
of AIFNα1bScFv01 with IFNα1b. The purity of the proteins
was monitored by SDS-PAGE. The complex protein (15–
20 mg/ml determined by NANODROP 2000 (Thermo scientific, USA)) was immediately screened for crystallization.
Crystallization and data collection
Crystallization screening was carried out using commercially
available sparse matrix screens. 2 μl hanging drops containing
1 μl protein mixed with 1 μl mother liquor were equilibrated
over 300 μl reservoir solution and incubated at 16°C. Crystals
grew in magnesium acetate, 0.1 M Tris (pH 8.5), 12% PEG
8000 were flash frozen directly in liquid nitrogen without any
cryo-protectant treatment prior to mounting and data collection at cryogenic temperature (100 K). The crystal diffracted
X-rays to 2.8 Å at beamline 19-ID of APS, Argonne National
Lab, US. The crystals belonged to space group C2 with unit
cell dimensions: a0236.23 Å, b091.95 Å, c043.63 Å; α0
90.00, β099.75, γ090.00.
Structure determination and refinement
Crystals were frozen in liquid nitrogen prior to diffraction
testing and data collection. Native diffraction data were
collected at a wavelength of 0.9794 Å. Data were indexed
and scaled to 2.8 Å resolution using HKL2000 [19]. The
structure was solved by the molecular replacement method
using Balbes [17] automatically using 2JB5 [20] for light
chain, 3KDM [21] for heavy chain, 1B5L [22] for IFNα1b

Mutagenesis
Mutagenesis was designed to validate the epitopes of AIFNα1bIgG01 on IFNα1b unveiled by the crystal structure.
Mutagenesis was carried out using QuikChange sitedirected mutagenesis kit (Stratagene, USA) following the
manufacturer’s instructions. Mutants were expressed, purified, and assayed under identical conditions as the wild-type
IFNα1b. The interaction between mutants of IFNα1b and

Table 1 Data collection and refinement statistics
Statistic

Antigen–antibody complex

Data collection

19-ID, APS

Wavelength(Å)
Space group

0.9794
C2

Cell dimensions
a, b, c (Å)
α, β, γ (°)

236.23, 91.95, 43.63
90.00, 99.75, 90.00

Resolution (Å)
Rsym (%)
Mean I/σI (I)

50.00–2.75 (2.82–2.75)
8.7 (40.2)
12.00 (2.95)

Completeness (%)
Redundancy
Refinement
Resolution (Å)
Reflections
Rwork/Rfree (%)
Atoms
Protein
Water
Mean B value (Å2)
R.m.s deviations
Bonds (Å)
Angles (°)
Ramachandran analysis
Favored region (%)
Allowed region (%)

99.9 (99.6)
3.7 (3.5)

Outliers (%)

42–2.80
21,633 (2,337)
18.02/23.19 (23.89/30.96)
5,579
87
26.57
0.004
0.60
665 (95.00)
31 (4.43)
4 (0.57)

Numbers in parentheses describing resolutions are statistics for the
highest resolution shell
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antibody were determined by Western blotting and ELISA
as mentioned above.
Ethical Considerations
All studies involved in human samples has been approved
by the ethics committee and the institutional review board of
Shanghai Ruijin Hospital with written consents. The protocols for animal tests have been approved by animal care
committee of Shanghai Jiaotong University
Accession code
The atomic coordinates and structure factors file of the
human IFNα1b and AIFNα1bScFv01 complex have been
deposited in the Protein Data Bank under the accession code
3UX9.

Results
Generation and functional characterization of a fully human
antibody to IFNα1b
A single-chain antibody AIFNα1bScFv01 was first obtained
by panning and screening a fully synthetic human antibody
phage display library [18, 28], and converted to whole IgG
antibody AIFNa1bIgG01. The human antibody specifically
recognized IFNα1b but not recombinant IFNα2b or IFNγ as
determined by Western blotting (Fig. 1a). The affinity (KD)
and kinetic rate constants for the binding of AIFNα1bIgG01
to immobilized IFNα1b were determined as 0.747 nM
through SPR analysis (Fig. 1b), which was significantly
higher than that reported for IFNα with its receptor IFNAR2
(100 nM) [29].
To determine whether AIFNα1bIgG01 could functionally
block the bioactivity of IFNα, we tested the expression levels
of type I ISGs, ISG15 and IFIT-1 in PBMCs from both SLE
patients and healthy donors. We found that the expression of
ISG15 and IFIT-1 in SLE patients was dramatically elevated
when compared with healthy donors (p<0.001 for both genes;
Fig. 2a). We further carried out ex vivo stimulation of PBMCs
from 10 healthy donors by recombinant IFNα1b with or
without AIFNα1bIgG01. The up-regulated expression level
of ISG15 and IFIT-1 in PBMCs induced by IFNα1b were
inhibited in a dose-dependent manner after adding series
dilutions of the human antibody (Fig. 2b). We next wanted
to figure out whether AIFNα1bIgG01 could neutralize the
bioactivity of the IFNα existing in SLE patients’ sera. High
level of IFNα in 38 SLE patients’ sera was detected in comparison with the sera from 23 healthy donors (p< 0.01;
Fig. 2c). The expression of ISG15 in normal PBMCs was
up-regulated by incubation with both recombinant IFNα1b

Fig. 1 AIFNα1bIgG01 recognizes human IFNα1b specifically. a
Purified human IFNα1b, IFNα2b and IFNγ were probed with AIFNα1bIgG01. b Affinities for a range of concentrations of AIFNα1bIgG01 were measured on BIAcore 3000 using sensor chip CM5
immobilized with human IFNα1b. Each measurement represents an
average of three independent assays that vary by 20%

(+IFNα) and SLE patients’ sera (+PS1 and +PS2) but not the
healthy donors’ sera (+NS1 and +NS2; p<0.001). While adding the antibody AIFNα1bIgG01 during incubation, the expression level of ISG15 was back to a base line compared with
normal sera or media control groups (Fig. 2d).
To further evaluate the function of the antibody AIFNα1bIgG01 in vivo, we treated pristane-induced Balb/c mice
with AIFNα1bIgG01 four times with 1 week interval. As
showed in Fig. 2e, for the pristane-primed mice group
without antibody treatment, the levels of total IgG and
IgM antibodies in the sera started to elevated from the
second month and remained at a high level until the mice
were killed. However, with the treatment of AIFNα1bIgG01
started from the fourth month, both total IgG and IgM
antibody levels in mice sera decreased at 1 month after
treatment and kept at a relatively lower level when compared to PBS-treated pristane-primed mice. The results demonstrated that the intervention with AIFNα1bIgG1 antibody
resulted in the partial remission of lupus-like pathogenesis
in pristane-primed mice.
Determination of the crystal structure of the antibody
and antigen binary complex
To delineate the structural basis for the inhibition of IFNα
mediated signaling response by AIFNα1bIgG01, we determined the crystal structure of the binary complex of
single-chain antibody of AIFNα1bIgG01 (termed as AIFNα1bScFv01) with the recombinant IFNα1b. The final
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Fig. 2 Human antibody
AIFNα1bIgG01 neutralized the
bioactivity of IFNα1b. a The
expression of ISG15 and IFIT-1
in PBMCs from SLE patients
(n020) and health donors (n08)
at **P<0.01. Relative
expression02ΔCt(ISG15/IFIT-1)ΔCt(GAPDH)
. b Overexpression
of ISG15 and IFIT-1 in normal
PBMCs (n010) induced by
human IFNα1b (100 ng/ml;
Line 1 from left) and a dosedependent neutralization by
adding 3 ng/ml and 12 ng/ml of
AIFNα1bIgG01(Line 2–3 from
left) at **p<0.01.
AIFNα1bIgG01 only
(lines 4–5) without IFNα1b. c
Detection of the IFNα level in
serum samples from SLE
patients (N038) and normal
healthy donors (N023;
**p<0.01). d Neutralization of
activity of IFNα from SLE
patients’ sera with
AIFNα1bIgG01. The
expression of ISG15 in normal
PBMCs was up-regulated by
IFNα (as positive control) and
sera from SLE patients (+PS1
and +PS2), but not normal
human sera (+NS1 and +NS2),
while adding AIFNα1bIgG01
significantly down-regulated
ISG15 expression in SLE
patients (**p<0.01).
e AIFNα1bIgG01 decreased
production of total IgG and IgM
antibodies in the sera of
pristane-primed lupus-like
mouse model. The
pristane-induced Balb/c mice
were treated with
AIFNα1bIgG01 (200 μg)
started on the fourth month,
four times with 1 week interval
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Fig. 3 Structure of the AIFNα1bScFv01-IFNα1b complex. a Stereo
view of cartoon representation of human IFNα1b (rainbow) bound to
AIFNα1bScFv01 (light chain colored marine-blue, heavy chain colored magenta). The CDRs were labeled and colored yellow in VL-CDR
and green in VH-CDR. The N- and C- terminals were labeled N-ter and
C-ter respectively. b Close up view of the interface between IFNα1b
and AIFNα1bScFv01. Residues from IFNα1b loop AB region (P26Q40) and helix E region (E147-R150) were shown as sticks representation. Interacting residues from IFNα1b were shown in yellow. Electron density of a 2Fo-Fc omit map for these residues at the interface of
the IFNα1b-AIFNα1bScFv01 complex contoured at 1.0 σ. Met31 and
Arg33 depict examples of shape and charge complementarity, respectively. AIFNα1bScFv01 was shown as electrostatic potential surface.
Blue represents positive potential, red negative potential. Selected key
residues were labeled. c Details of the AIFNα1bScFv01-IFNα1b complex interactions. Hydrogen bonds are shown as yellow dashed lines.
Interacting residues from IFNα1b were shown in green and were
labeled (magenta). Interacting residues from AIFNα1bScFv01 were
shown in cyan and were labeled (black)

light chain well defined in the electron density indicating
disorder in this region.

Structural overview of AIFNα1bScFv01-IFNα1b
complexes

model has been refined to 2.8 Å resolution with a Rcryst and
Rfree factor values of 18.02% and 23.19%, respectively. Final
refinement statistics are summarized in Table 1. The model
contains residues 9–156 of the mature IFNα1b and residues
4–253 of AIFNα1bScFv01 (Fig. 3a). The final 2Fo-2Fc electron density map (Fig. 3b) is of good quality for most of the
complex with the exception of two stretches of IFNα1b
corresponding to residues 44–51 and 102–112 with weak
electron density. Neither are the residues 113–135 of AIFNα1bScFv01 that comprise the linker region of heavy and

The structure of IFNα1b (Fig. 3a) consists of five α helices
(A–E) and a long loop connecting helix A with B (loop AB)
in a tight bundle by predominantly hydrophobic interactions. Helices B, C and D are stacked up against helices A,
E, and loop AB, respectively. The core at one (lower) end of
the bundle is populated by aromatic amino acid residues
such as Phe68, Trp77, Phe85, Phe124, Tyr130, and Trp141,
which are involved in hydrophobic interactions. The side
chain of Met21 from helix A is engaged in aryl-sulfur
interactions with the π-electron cloud of the aromatic rings
of Phe68, Phe85, and Trp77, which contributes to the stabilization of the core structure. As observed in other types of
interferon, Cys29 from loop AB forms a disulfide bond with
Cys139 from helix E.
AIFNα1bScFv01 folds into a typical β-sandwich immunoglobulin fold. The structure is bi-modular with the residues Ile4-Leu112 forming the light chain and Val136Glu253 for the heavy chain (Fig. 3a). The binding site of
AIFNα1bScFv01 is formed by the six complementarity
determining regions (CDRs) and all the CDR regions project from the β-strands of VH and VL domains and display
the canonical conformation, making it more feasible to
provide steric or chemical complementarity with the antigen
(Fig. 3a). More importantly, residues from CDRL3, H1, H2,
and H3 form a concave cavity while the residues from
CDRL1 and CDRL2 form a spherical pocket. These pockets
and cavities probably offer binding sites for the epitopes of
IFNα1b in the complex.
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Shape complementarity and intermolecular ionic
interactions underlies the high affinity of AIFNα1bScFv01
to human IFNα1b
The neutralization capacity of AIFNα1bScFv01 against human IFNα1b relies on its high binding affinity. The structure of the AIFNα1bScFv01-IFNα1b binary complex
displayed three distinct regions at the interface that contribute to the binding of IFNα1b with AIFNα1bScFv01 via
shape complementarity (Sc value, 0.788 calculated by sc 2.0
[30] in CCP4). In each instance, a side chain protrudes out
into a cavity formed by its binding partner. IFNα1b contributes two such cavities that are separated by a third cavity
formed by AIFNα1bScFv01. The two proteins are firmly
zipped together with the side chains localized in these cavities. For instance, Tyr35 from AIFNα1bScFv01 protrudes
inside a cavity formed by Arg33, His34, Asp35, Phe36,
Gln40, Glu147, and Arg150 of IFNα1b. The IFNα1b
Arg33 is engaged in the formation of a salt bridge with
Asp53 of AIFNα1bScFv01 such that the aromatic ring of
Tyr35 is positioned above the salt bridge. The second cavity
is formed by residues Arg94, Asn96, Asn99 and Trp101 of
AIFNα1bScFv01 with the side chain of Met31 from
IFNα1b localized in the center of the cavity (Fig. 3b). The
side chain of Met31 is involved in aryl-π interactions with
Trp101 of AIFNα1bScFv01 and numerous van der Waal’s
interactions with the amino acid residues forming the cavity.
Finally, the side chain of Phe236 is trapped inside a cavity
formed by Pro26, Cys29, Asp32, Arg33, Glu142, Val143,
and Ala146 of IFNα1b.
In addition to shape complementarity, intermolecular
ionic interactions between AIFNα1bScFv01 and IFNα1b
stabilize the interface. Totally 11 amino acid residues from
the AIFNα1bScFv01 and 8 amino acid residues from
IFNα1b form 16 pairs of hydrogen bonds as summarized
in Table 2 and Fig. 3c. Most of the residues engaged are
localized in the CDR regions of AIFNα1bScFv01 and loop
AB/helix E domain of IFNα1b, respectively.
AIFNα1bScFv01 interacts with two hotspot regions
anchoring on IFNα1b that mediates the initiation of IFNα
signaling
IFNα1b-AIFNα1bScFv01 complex structure superimposed over IFNα2b-IFNAR2-EC structure indicated that
these epitopes were partially overlapped with the binding sites of IFNα2 with IFNAR2 (Fig. 4a), which was
necessary for the initiation of IFN signaling [29,
31–33]. We further mutated each amino acid of Pro26Asp35 of IFNα1b to test the interaction with antibody
AIFNα1bIgG01. The results showed that P26G, S27G,
S28G, M31G, R33G and H34G mutations slightly reduced the binding efficiency, while D32G mutation
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Table 2 Summary of the interface residues and hydrogen bond interactions no more than 3.3 Å in the ScFv-IFNα1b complex
Chain

ScFv contact
atom

IFNα1b contact
atom

Length
(Å)

Ser33 O
Asn34 O

Asp 35 (loop AB) N
Arg 33 (loop AB) O

3.1
2.9

Tyr35 O

Glu147 (helix E) O

3.1

Tyr35 O
Tyr35 O

Glu147 (helix E) O
Arg150 (helix E) N

3.0
3.3

Asp53 O

Arg33 (loop AB) N

3.2

Asp53 O
Asp53 O

Arg33 (loop AB) N
Arg150 (helix E) N

2.9
3.3

Asn54 N

Asp35 (loop AB) O

2.7

Asn55 N
Arg94 N

Gln40 (loop AB) O
Leu30 (loop AB) O

3.0
2.8

Arg94 N

Arg33 (loop AB) O

3.0

Gly187 N

Ser27 (loop AB) O

3.2

Asp235 O
Asp238 O
Lys69 N

Pro26 (loop AB) O
Arg33 (loop AB) N
Asp35 (loop AB) O

3.3
3.0
2.8

VL
CDRL1

CDRL2

CDR L3
VH
CDRH2
CDRH3
CDRH3
Non-CDRa
a

In addition to the expected contacts from CDR loops in the ScFv, an
additional residue from a non-CDR also interacts with IFNα1b

greatly diminished the binding activity; L30G or D35G
mutations completely abolished the binding of IFNα1b
to AIFNα1bIgG01 (Fig. 4b). Q40A mutation in loop
AB as well as E147D and R150A in helix E had no
changes in Western blot assay (Fig. 4b bottom panel),
but the binding property dramatically decreased for mutant R150A in ELISA assay, whereas mutant E147D
showed no change in comparison with wild-type
IFNα1b (Fig. 4c). The results indicated that the loop
AB was necessary for the interaction of IFNα1b with
AIFNα1bIgG01, in which Leu30, Asp32, Asp35, and
R150 residues were particularly critical.
AIFNα1bScFv01 could recognize IFNα1b but not IFNα2b.
We analyzed the interface of the AIFNα1bScFv01-IFNα1b
binary complex alone and the structure superimposing IFNα2b
over IFNα1b (Fig. 4a and d). We found that the binding of
AIFNα1bScFv01 to human IFNα2b at AB loop was hindered
due to steric clashes and chemical incompatibility; IFNα1b has
a Ser27 and Met 31 at loop AB, while IFNα2b owns Phe 27
and Lys 31. Replacement of Ser27 with a phenylalanine would
result in steric clashes and disrupt its interaction with Gly187
(Fig. 4d left panel). The side chain of Met31 is protruding
inside a spherical cavity formed by Arg94, Asn96, Asn99
and Trp101 of AIFNα1bScFv01. Substitution of Met 31 with
lysine residue could result in a repulsion of the side chain by the
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guanidium nitrogens of Arg94 and δ2 N atom of Asn99,
preventing the association of AIFNα1bScFv01 with
IFNα (Fig. 4d right panel). Mutagenesis studies further
confirmed the importance of Ser27 and Met31 in conferring antigenic specificity. A double mutation (F27S and
K31M) of IFNα2b resulted in binding of IFNα2b to
AIFNα1bScFv01 (Fig. 4e).
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Discussion
In this report, for the first time, we described a high affinity
neutralizing human antibody AIFNα1bIgG01 and revealed
the molecular basis for its interaction with human IFNα2b
through a antigen–antibody crystal structure in complex.
The antibody, through competition with IFNAR2 to bind
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Fig. 4 Comfirmation of the antibody binding epitopes. a Stereo view
of IFNα1b-AIFNα1bScFv01 complex (the same color schema as
shown in Fig. 3a) superimposed over IFNα2b-IFNAR2-EC (orange
for IFNα2b and limon for IFNAR2-EC, PDB code 2KZ1). Typical
steric hindrance regions were highlighted in red circles. b The binding
of AIFNα1bIgG01 with wild-type IFNα1b and its mutants. Mutants
from loop AB including 26-PSSCLMDRHD-35 as well as Q40A,
E147D and R150A, were tested for its ability to interact with AIFNα1bIgG01 in a Western blotting assay. c Comparison of AIFNα1bIgG01
antibody binding avidity to wide type (IFNα1bWT) and mutated
IFNα1b (IFN1bE147D, R150A) by ELISA as described in the “Methods”
section. d Phe27 clashed sterically (left panel), while Lys31 was chemically incompatible (right panel) when amino acids spanning Leu26-Gln40
of the loop AB region of IFNα2b (magenta) were superimposed over the
AIFNα1bScFv01-IFNα1b complex. Equivalent residues of IFNα1b
(green) have been shown for comparison. AIFNα1bScFv01 was depicted
in gray surface with 40% transparency. Eleven interacting residues were
shown as sticks in cyan carbons. Hydrogen bonds between AIFNα1bScFv01 and IFNα1b were shown as yellow dashed line. e The effect
of mutating residues 27 and 31 of IFNα1b and IFNα2b on the binding of
antibody AIFNα1bIgG01 was tested by Western blotting assay. Wild-type
IFNα1b binds AIFNα1bIgG01 strongly. Wild-type IFNα2b, has a phenylalanine and a lysine at positions 27 and 31, respectively, and could not
bind AIFNα1bIgG01. Double mutant IFNα2b F27S/K31M could bind
AIFNα1bIgG01 weakly when compared to the wild-type IFNα1b. Singlepoint mutant IFNα2b F27S could not bind AIFNα1bIgG01. Similarly,
single-point mutant IFNα2b K31M could not bind AIFNα1bIgG01

with IFNα, could down-regulate the expression of signaling
molecules ISG15 and IFIT-1in interferon pathway, and
block the bioactivity of IFNα in vitro and in vivo.
Recent reports strongly suggest that type I IFNs are
involved in the pathogenesis of SLE and other autoimmune
syndromes [7], however, little is known about the epitope of
IFN that participates in the pathogenesis of SLE. The highresolution structure models we described in this report clearly showed the molecular details of the interaction between
the antibody and antigen, and giving clear picture of antibody binding epitope, both Pro26-Gln40 region in loop AB
and Glu147-Arg150 region in helix E of IFNα1b contribute
to the antibody binding, and four residues of above two
regions (Leu30, Asp32, Asp35, and Arg150) are critical
for the formation of antigen-antibody complexes. The
results is also consistent with a previous reported epitope
residues 22–31 recognized by another IFNα targeted human
neutralizing antibody [34].
In order to gain insights into the nature of the IFNα1b
epitope, we looked at the structure of IFNα2b bound to the
IFNAR2 receptor. Previously, IFNα2b was shown to bind
its receptor IFNAR2 primarily via the loop AB region and
helices A and E. Although, IFNα2b shares 83% sequence
identity with IFNα1b, AIFNα1bIgG01 specifically binds
IFNα1b but not IFNα2b. We compared the epitope sequences in loop AB and helix E between IFNα1b and IFNα2b,
only residues Ser 27 and Met 31 were different, and these
two amino acids contributed to the specificity of the antibody (Fig. 4). In fact, the interaction of IFNα with its
receptors IFNAR1/IFNAR2 presented as a heterotrimeric
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architecture, the subtypes of IFNα interact with receptors
in a very conserved way. Leu30 and Asp32 residues are
conserved in all the subtypes of type I interferons and are
critical in the interaction between IFN and IFNAR2 [32].
These two anchor points are also engaged in the interaction
in the binary complex of AIFNα1bScFvG01-IFNα1b,
which provides sufficient evidence that AIFNα1bIgG01
targets a conserved epitope of type I interferon engaged in
the initiation of IFN signaling. This may also help to interpret the observation that AIFNα1bIgG01 efficiently neutralizes the bioactivity of interferon derived from the patients’
sera which contain different subtypes of type I interferons.
In conclusion, through determining the crystal structure
of AIFNα1bScFv01 in complex with recombinant IFNα1b,
we have dissected the structural basis of the inhibitory
function of the human antibody against IFNα1b as well as
characterized the epitopes of the antibody harboring on
IFNα for the first time. AIFNα1bIgG01 sequesters the
IFNα1b epitope with high affinity to block the interaction
of IFNα with its receptor IFNAR2, which results in the
impairment of up-regulation of ISGs in the IFNα signaling
pathway. These results highlight the tremendous potential of
recombinant human antibody treatment strategy for human
SLE. In addition, the definition of the critical epitope provides new insights for the development of effective targeted
drug to prevent the over immune regulation induced by the
increase of IFNα in various autoimmune disease.
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