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ABSTRACT: Antibodies play a major role in clinical diagnostics and biopharmaceutical analysis, but are also a class of drugs that 

are regularly used to treat numerous diseases. The identification of antibody-epitope binding sites is then of great interest to many 

emerging medical and bioanalytical applications, particularly to design mAb mimics taking advantage of amino acids residues 

involved in the binding. Among relevant antibodies, the monoclonal antibody rituximab has received a significant attention as it is 

exploited to treat several cancers including non-Hodgkin’s lymphoma and chronic lymphocytic leukemia, as well as some autoim-

mune disorders such as rheumatoid arthritis. The binding of rituximab to the targeted cells occurs via the recognition of the CD20 

epitope. A crystallography study has shown that the binding area, named paratope, is located at the surface of rituximab. Combining 

the SPOT method and the complementary surface plasmon resonance technique allowed us to detect an extended recognition do-

main buried in the pocket of the rituximab Fab formed by four β-sheets. More generally, the present study offers a comprehensive 

approach to identify antibody-epitope binding sites. 

Biomolecular recognition is central to many biological processes governing cell fate. In this context, the monoclonal antibodies 

(mAbs) are able to bind to a specific antigen triggering the death of the targeted cell.
1
 To date, mAbs are increasingly used for 

treatment of a variety of diseases.
2
 In particular, rituximab (RTX), first FDA (Food and Drug Administration) approved therapeutic 

mAb, is routinely used for the treatment of several types of lymphoma as well as some autoimmune disorders.
3
 RTX was shown to 

target a transmembrane protein named CD20 (cluster of differentiation 20), which is highly expressed on most healthy and malig-

nant B cells but not on precursor B cells.
4
 The identification of CD20 recognized by Rituximab has raised great interest in recent 

years especially to better apprehend RTX mechanism and action. Additionally, understanding molecular recognition could pave the 

way for structure-based design of bioactive molecules. Very recently, it has been shown by using cryo-electron microscopy (cryo-

EM) that the native CD20 structure is a compact dimeric form allowing RTX cross-links that can induce complement recruitment.
5,6

 

This result corroborates other studies indicating that CD20s are not expressed in monomeric form, but organized into 

supramolecular protein complexes.
7,8

  In parallel, our group has studied the effect of CD20 density on the recognition by RTX, 

which is known to be a critical point for the therapeutic response.
9
 An average critical inter-CD20 spacing of nearly 2 nm confers 

the best conditions for RTX binding. This value is in excellent agreement with cryo-EM structures.
5,6

 It is important to note that this 

finding suggests RTX contacts with two different epitopes.
5
 Regarding the identification of the antigen-binding site of the antibody, 

a pioneer crystal structure of the RTX antigen-binding fragment (Fab) in complex with its epitope, i.e. a protein fragment represent-

ing the large extracellular loop of the CD20 protein, was also reported.
10

 This study revealed that a unique short CD20 epitope 

interacts with the outer surface of RTX. The differences observed from cryo-EM structures highlight a recognition via an extended 

RTX-CD20 region. 

Among approaches exploited for the characterization of the interaction between a mAb and its epitope, the SPOT method is typi-

cally used for antigenic epitope mapping.
11-13

 The strategy consists in a parallel peptide synthesis carried out simultaneously on 

cellulose membranes to generate large libraries of small antigen fragments that are subsequently used to reveal the antibody’s 

epitope. The SPOT method was applied to map a broad area of interactions between endonucleases and oligonucleotides,
14

 peptides 

and metals,
15

 cytokines and their receptors,
16

 to evaluate substrate specificity of proteases,
17

 to develop therapeutic vaccines,
18

 but 

also to find antimicrobial peptides.
19

 Interestingly, this method can be used to identify amino acids and peptide fragments from the 

antibody paratope that contribute to the antigen binding.
20

 Following this strategy, in the present work we report the characteriza-

tion of the binding site of RTX to CD20 by using the SPOT method and complementary surface plasmon resonance (SPR) experi-

ments. The SPR technique, which consists in studying biomolecular interactions on surface, will be exploited to corroborate SPOT 

analysis, and to determine the antigen-binding site with high accuracy. Our results provide additive information to the crystallo-



 

graphic data and cryo-EM studies, and above all, new insights on the interaction between RTX and its CD20 epitope with a 

paratope buried in a pocket formed by four β-sheets that can be exploited to design RTX mimics. 

EXPERIMENTAL SECTION 

All organic compounds were purchased from VWR Inter-national S.A.S. (Fontenay-sous-Bois, France), Sigma-Aldrich (Saint-

Quentin Fallavier, France), unless otherwise specified in the text. Rituximab (MabThera) was provided gracefully by Genentech, 

Inc. (San Francisco, US). Solution of infusion was provided at a concentration of 10 mg/mL (i.e. 69.5 µM). 

SPOT synthesis and analysis. For CD20 binding site screening, SPOT synthesis technique was used to obtain immobilized pep-

tides on cellulose membrane covering the RTX Fab sequence light (L) and heavy (H) chain variable region. We synthesized five 

copies of 105 (L) and 121 (H) overlapping linear hexapeptides and two copies of 99 (L) and 115 (H) overlapping linear 

dodecapeptides, frameshifted by one residue, covering the amino acid sequence of RTX Fab, as well as five copies of 105 (L) and 

121 (H) cyclic octapeptides and four series of the selected regions for alanine scanning in order to determine critical amino acids 

(for synthesis details see the Supplementary materials). Incubation of SPOT membranes with fluorescent Cyanine 5-containing 

sCD20 allowed identification of positive sequences. 

Synthesis of sCD20 epitope and scrambled sCD20. The sCD20 (soluble CD20) peptide used in this work and reported X-ray 

studies 
10

 corresponds to a 25-amino-acid sequence that is located in the extracellular part of the full CD20 protein. The scrambled 

sCD20 peptide used as a reference was composed of the same amino-acids in a random order except cycteines 5 and 25 involved in 

disulfide bridge. The sCD20 and scrambled sCD20 sequences are respectively NIYNCEPANPSEKNSPSTQYCYSIQ and 

SATNCNSEYQNEPNYIPYSQCKPIS. Synthesis of the protected peptides was carried out using the Fmoc/t-Bu strategy on a pep-

tide synthesizer (Syro2, Biotage) using 2-chlorotritylchloride® (See the Supplementary materials). Reaction with 4-pentynoic acid 

was performed on the resin to incorporate the alkyne function at the N-terminus. After cleavage and removal of protecting groups, 

disulfide bridge formation of peptides (500 µM) was performed under mild oxidative conditions (0.1 M TrisBase, 5% DMSO, 20 

mM guanidine) during 24 hours. Peptides were then purified by RP-HPLC and their concentration quantified by a UV spectropho-

tometer. 

Synthesis of RTX peptide fragments. All peptides were prepared by using the same procedure than sCD20. Their concentra-

tions were quantified by a UV spectrophotometer according to the peptide sequences. 

SPR analyses. SPR analyses were carried out on a Biacore T200 (GE Healthcare). Gold sensor chips were cleaned by UV-ozone 

treatment (Jelight, Irvine, CA, USA) during 10 min after being rinsed with ultrapure water and ethanol. The cleaned gold surfaces 

were then functionalized according to the following procedure.
9
 Mixed self-assembled monolayers (SAMs) were formed at room 

temperature by immersing gold sensors overnight in a thiol mixture of 12.5% HS-(CH2)11-EG6-N3 and 87.5% HS-(CH2)11-EG4-OH 

(1 mM total thiol concentration in EtOH). Sensor chips were then rinsed with ethanol and blow-dried with nitrogen gas. The surfac-

es were inserted in the Biacore T200 device. For the grafting of sCD20 antigen, manual runs were conducted with milli-Q water as 

running solvent at 2 µL/min. Azide-alkyne cycloaddition permitted the covalent grafting of scrambled sCD20 on channel 1 as ref-

erence, and sCD20 on channel 2. The reagent mixture is composed of sCD20 alkyne/ scrambled sCD20-alkyne (200 µM), CuSO4 

(500 µM), Tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine (TBTA) (500 µM), and (+)-sodium L-ascorbate (3 mM), in 

DMSO:H2O (1:1). As the microfluidic system is sensitive to high concentrations of DMSO, time of injection was controlled and 

optimized at 8 min for each channel, with 8 min wait between each injection. The large change of solution refractive index during 

the injection prevents monitoring of the grafting process in real-time. However, the quantity of immobilized antigen could be eval-

uated by comparing the shifts in resonance units before and after the injection.
9
 For the peptide fragment analyses, the running 

buffer (RB) consisted of PBS (1×), citrate (3 mM) and polysorbate P80 (0.005%). Flow cell 1 was functionalized with scrambled 

sCD20 to provide a reference surface. Binding assays were conducted using a flow rate of 30 μL/min at 25°C on different surfaces 

displaying 51.5 pmol.cm
-2

 of sCD20 peptide in average. Fab fragments were dissolved in RB and injected using the high perfor-

mance Biacore method (injection time: 200 s, stabilization time: 600 s) at different concentrations: 0, 25, 50, 90, 180, 300, 500, 800 

μM. Curves obtained at 25 µM and generally flat are not presented here. A regeneration step was necessary between each injection, 

and was performed by injecting a solution of Glycine-HCl (10 mM, pH 2) for 10 s. The stability of the sCD20-functionalized sur-

faces was checked by achieving regular RTX injections at 1 µM, 100 nM and 10 nM at different times of the binding assays. Be-

cause the functionalized surfaces are stable, several peptides were sequentially screened on the same sCD20-functinalized sensor. 

For duplicates, the order of injection of the peptides was always modified to be sure that results were not caused by sCD20 film 

degradation. Some peptides were also screened on several surfaces to check reproducibility of observed curve magnitudes. Because 

of a lack of solubility, peptides B4-1 and B4-2 synthesized for alanine scanning analysis were tested in RB + DMSO 2%. The pep-

tide from which they are derivated (B4) was injected in both buffers with and without DMSO to ensure that DMSO did not have 

any impact on recognition properties. The presented binding sensorgrams correspond to double-referenced sensorgrams using refer-

ence flow cell 1 and preceding buffer blank subtractions to remove the non-specific adsorption of RTX and the change in refractive 

index respectively. The SPR kinetic evaluation software of Biacore T200 (evaluation Software 2.0.1) was used to fit the data with a 

steady-state model, which demonstrated that affinities of isolated RTX fragments are too low to be calculated with accuracy in the 

examined range of concentrations. 

 



 

 

 

Figure 1. Reactivity pattern of sCD20 with overlapping hexapeptides (blue bars) and their cyclic analogues (red bars) from the VH (varia-

ble region of the heavy chain) and VL (variable region of the light chain) amino acid sequences of RTX. Peptides were prepared by the 

SPOT method and probed for reactivity with Cy5-containing sCD20. Fluorescence intensity is shown in arbitrary units. Strong binding was 

indicated by a double-headed arrow (RTX sequences A to H). The numbering and the CDR location (L1, L2, L3, H1, H2 and H3) are 

according to Kabat.23 To avoid undesired cyclization, cysteine residues within the Fab were substituted with serine. The amino acid se-

quence of the cyclic peptides is C(S)-XXXXXX-C(S).

RESULTS AND DISCUSSION 

To map the discontinuous binding site of RTX that recognizes the CD20 epitope, we prepared a set of 226 overlapping linear 

hexapeptides and dodecapeptides (See the sequences in the Supporting Information), which represents the full sequence of the RTX 

variable domain (VH and VL, respectively for the heavy and the light chain), by using the SPOT-synthesis method.
11,12,20

 As linear 

peptides contain many conformers decreasing generally their biological activity,
21

 we decided to carry out an additional SPOT-

synthesis of cyclopeptides comprising sequences corresponding to the linear peptides. For this purpose, two additional cysteine 

residues were added at the flanking positions to perform cyclisation by disulfide-bridge formation, i.e. C(S)-XXXXXX-C(S). Brief-

ly, linear peptides were synthesized on cellulose membranes by using Fmoc-based solid phase peptide synthesis (SPPS), and cy-

clisation was performed under mild oxidative conditions. In parallel, we synthesized a soluble part of the CD20 protein (sCD20) 

corresponding to the large extracellular loop of the CD20 protein (amino acids N
163

 to Q
187

) which is known to contain the binding 

epitope of RTX.
10

 Other CD20 protein regions, such as a small extracellular loop (seven amino acids) and hydrophobic membrane-

spanning domains, are non-immunogenic to RTX. It is important to note that the cyclic conformation of sCD20 is constrained by a 

disulfide bond.
10

 We also prepared a scrambled peptide of sCD20 used as a negative control. Introduction of a cyanine-5 dye at the 

N-terminus of sCD20 and scrambled sCD20 was carried out to evaluate the epitope mapping. 

Membranes containing around 50 nmol of peptides per spot (4 mm in diameter) were then incubated with cyanine-5 labeled 

sCD20 at concentration of 20 nM. Figure 1 shows the average binding pattern of sCD20 on the different spots functionalized with 



 

linear and cyclic peptides. The overall observation is that numerous peptides from RTX sequence are able to bind the sCD20 but 

not the scrambled sCD20 (Figure S1), indicating the selectivity of the interaction. As expected, strong fluorescence signals were 

observed within the hypervariable loops from the heavy chain of RTX namely the complementarity-determining regions (CDRs) 

H1, H2 and H3, respectively the sequences from regions E, F and G. This is in agreement with the general observation for the 

hypervariable loops from the heavy chain that are the main contributors for antigen recognition.
22

 We also detected a strong sCD20 

binding with the CDR L1 (sequences A) and the neighboring regions of the CDR L2 (sequences B and C) that belong to the RTX 

light chain. Today, it is recognized that not all CDRs are involved in the traditionally defined CDRs and that other mAb residues 

outside the CDRs can contribute to the antigen binding.
22

 Two other regions (sequences D and H) show moderate binding. A simi-

lar binding pattern was observed for the linear dodecapeptides (Figure S2). It is important to note that reactivity of linear and cyclic 

peptides is roughly the same. Interestingly, SPOT analysis shows that the binding site of CD20 is located in a small pocket formed 

by β-sheets that belong to mAb hypervariable loops (Figure 2), in particular the sequences A, B, E, G and H that correspond respec-

tively to CDRs L1, L2, H1 and H3. 

Comparison with the binding site obtained from the crystal structure 
10

 reveals differences in the location of the sCD20. While 

the RX structure shows that the antigen is positioned at the surface of the mAb, SPOT analysis shows that sCD20 is deeply embed-

ded into the RTX Fab (Figure 2). From the crystallography study, the CDR H3 interacts with the CD20 via the peptide fragment 
99

STYYGGDW
106

, while using the SPOT method recognition occurs with other flanking amino acids within the fragments 
93

VYYSARSTYYG
103

 and 
106

WYFNVWGA
113

. Similar observation is shown for H1 as we found an extended recognition area 
33

NMHWVKQTPGRGL
45

 from SPOT vs. 
33

NMH
35

 from crystallography study. Strong difference was also obtained for the CDR 

H2: a deep interaction was found using SPOT (
59

SYNQKFKGKA
68

) in comparison to sequence obtained from the crystal structure 

(
47

WIGAIYPGNGDTS
59

). Concerning the light chain, the differences are even more pronounced. From the crystal structure, the 

recognition area is only composed of the peptide fragment 
90

WTSNPP
95

 (L3). The SPOT method reveals fragments deeper in the 

Fab close to CDRs L1 and L2 such as 
33

HWFQQKPG
40

, 
41

SSPKPWIYA
49

 and 
56

GVPVRFSGSG
65

 (Figure 2). 

 

Figure 2. RTX recognition areas obtained from the SPOT method with (a) side-view and (b) top-view, and from X-ray diffraction 10 with 

(c) side-view and (d) top-view. Sequences A-D from the VH of RTX and sequences E-H from the VL of RTX are represented. 

Table 1. Determination of critical residues from RTX Fab involved in RTX-CD20 recognition.
a
 

CDR loops Regions Sequences used for Ala-scan study Critical amino acids 

L1 A 33HWFQQKP39 W34, F35, K38 

L2 Bb 42SPKPWIYA49 K44, W46, Y48 

L2 Cb 56GVPVRFSGS64 R60, F61 

L3 Db 97FGGGTKLEIKRTVA110 ND 

H1 E 31SYNMHWVKQTP41 W36, K38 

H2 F 59SYNQKFKGKA68 - 

H3 G 93VYYSARSTYYG103 c Y94, Y95, R98, Y101, Y102 

H3 Hb 106WYFNVWGA113 W106, Y107, F108, W111 

(a) Cyclic octapeptide-containing SPOT membrane was prepared by using the different peptide sequences and characterized as de-

scribed.11,12,20 Two additional cysteine residues were added at the flanking positions to perform cyclisation by disulfide-bridge formation. 

(b) Sequences close to CDRs. (c) Cysteine residue was substituted with serine. ND: not determined. 

 



 

In order to identify amino acid residues that contribute in the binding with sCD20, a systematic alanine-scanning was carried out 

on the positive sequences (Table 1). From the SPOT reactivity pattern (Figures S4 and S5), 20 amino acids were shown to be criti-

cal for the CD20 recognition (Table 1). Most of them belong to β-sheets from CDRs H1, H3, L1 and L3 that form a wide pocket 

(regions A, B, E and G in the figure 2b). Among these residues, only Y
102

 and W
106

 from the CDR H3 were shown to be involved in 

the CD20 recognition on the crystal structure.
10

 Taken together these data tend to confirm that we found a CD20 binding site deeper 

in the RTX Fab than the one obtained from the crystallography study. 

To further characterize and validate the functional relevance of the positive peptides highlighted by the SPOT method, SPR ex-

periments were performed. Very recently, we have designed self-assembled monolayer (SAMs) on gold surfaces containing adjust-

ed sCD20 mass densities for an optimal RTX recognition with an average KD value (32 nM) close to values previously reported 

from biological analysis with B cells (apparent KD between 5 and 20 nM).
9
 These SAMs are formed by incubating gold sensors in a 

thiol mixture of varying percentages of HS-(CH2)11-EG6-N3 and HS-(CH2)11-EG4−OH, then copper-catalyzed azide/alkyne 

cycloaddition permits the covalent grafting of alkyne-CD20. The best conditions for RTX binding were found for an average criti-

cal inter-CD20 spacing of 2 nm (46.1 ± 10.5 pmol.cm
-2

) using a ratio of 12.5% HS-(CH2)11-EG6-N3. We thus prepared surfaces 

displaying sCD20 in adequate mass density (51.5 pmol.cm
-2

) but also for negative control displaying scrambled sCD20. In parallel, 

25 cyclopeptides from the positive regions were prepared by SPPS as a soluble form (Table S1). An additional serine at the N-

terminal was added to improve the solubility of the cyclic peptides.  SPR measurements performed with non-labeled and purified 

peptides give rise to refined results, as the chosen concentration range of injected peptides delimits a specific KD section where the 

interaction is observable, and suppresses weaker affinities. Binding assays were then done by injecting the cyclic peptides (concen-

tration range from 50 to 800 µM) over the sCD20-surfaces as described.
9
 To ensure over time the good recognition properties of the 

surfaces, rituximab injections were performed and consistency of the signal intensities was verified (Figure S6). The screening 

results show that four peptides (sequences A1, B4, E2 and G1) have a significant binding to sCD20-coated surfaces (Figure 3) 

while negligible binding was observed for peptides from regions C and F in the concentration range studied (Figures S8-S12). Pep-

tides from region H were found to be insoluble under the analysis conditions. It is worth pointing out that A1, B4, E2 and G1 se-

quences are related to the most reactive regions of RTX. Interestingly, the positive peptides belong to the β-sheets forming the edge 

of the pocket within the core of the Fab and confirm the SPOT analyses. 

Calculated from data fittings, KD related to the interaction between the sCD20 and RTX fragments are in the millimolar order, 

which is beyond the maximum concentration that could be injected (800 µM). As a consequence, it was not possible to provide 

accurate KD values. Considering that the RTX binding site is discontinuous, this millimolar KD range was expected. 

 

Figure 3. SPR sensorgrams of cyclopeptides A1, B4, E2 and G1. The amino acid sequence of the cyclic peptides is S-C(S)-XXXXXX-

C(S). The concentration range presented here is 0, 50, 90, 180, 300, 500, 800 μM. The solutions were injected on CD20-functionalized 

surfaces (51.5 pmol.cm-2). The slight curve decrease observed when injecting G1 at 800 µM is due to a loss of solubility of the peptide at 

high concentration. 

We similarly identified by SPR critical amino acids by performing the alanine scanning of the peptides A1, B4, E2 and G1 (Fig-

ure 4, Figures S13-S16). Substitution of W
34

, F
35

, K
44

, W
46

, and Y
48

 from the light chain and W
36

, K
38

, Y
94

, Y
95

, and R
98

 from the 

heavy chain results in a total loss of affinity for sCD20 as found in SPOT experiment, suggesting that their presence is essential for 

antigen recognition. Additional residues were shown to be important in the binding site such as I
47

 (Light chain), M
34

 and V
93

 

(Heavy chain). It is worth noting that no critical amino acids were found in the regions C and F, which are outside the pocket delim-



 

ited by the β-sheets forming the pocket (Figures 2a). Surprisingly, the substitution of a few amino acids to alanine (H
33

, Q
36

 and Q
37

 

within the region A, Q
39

 within the region E) has improved the sCD20 binding. Interestingly, the results obtained by the SPOT 

method and the SPR are extremely similar (table 2), even though experimental conditions of both techniques are different, as 

sCD20 was used in solution (SPOT analyses) and on surface (SPR experiments). 

 

Table 2. Determination of critical residues from RTX Fab involved in RTX-CD20 recognition by SPOT and SPR experiments. 

CDR loops Regions Critical residues determined by SPOT method Critical residues determined by SPR 

L1 A W34, F35, K38 W34, F35 

L2 B K44, W46, Y48 K44, W46, I47, Y48 

H1 E W36, K38 M34, W36, K38 

H3 G Y94, Y95, R98, Y101, Y102 V93, Y94, Y95, R98 

 

 

 

Figure 4. SPR experiments of alanine scanning of A) peptides from A1, B) peptides from B4, C) peptides from E2 and D) peptides from 

G1. The amino acid sequence of the cyclic peptides is S-C(S)-XXXXXX-C(S). Values represent the equilibrium signal values, which is 

normalized to the original sequence (100%). * Sequences tested in 2% DMSO. 

The soluble peptides selected from SPOT analysis that display efficient CD20 recognition on surface enable to refine the binding 

site of RTX to the CD20 epitope. As shown in figure 5a, critical amino acid residues are very close to each other. They are located 

in both heavy (CDRs H1 and H3) and light chains (CDRs L1 and L2) in an open pocket. Conversely, X-ray structure analysis sug-

gests that the interaction occurs at the surface on the mAb with critical residues belonging to external loops of CDRs L3, H1, H2 

and H3 (Figure 5b). Our results indicate that RTX Fab contains an extended paratope region. Altogether, we propose a binding of 

CD20 to the surface of the RTX via the recognition of the H1, H2, H3 and L3 loops as depicted in figure 5b, then a slip of the 

epitope between the four β-sheets formed by H1, H3, L1 and L2. To date, there is strong evidence that the flexibility of H3 loop has 

a huge impact on the antigen binding process,
22,24,25

 and may contribute to the antigen drift toward the Fab pocket. This highlights a 

dynamic binding mechanism. It is important to note that this dynamic mechanism is impossible to characterize using X-ray analysis 

as this technique identifies only one of the most stable interaction. 



 

 

Figure 5. Comparison of RTX recognition binding site obtained from (a) the combined SPOT-SPR method and (b) X-ray diffraction.10 

The CD20 epitope is shown in dark blue. Critical amino acids are represented; L=light chain, H=heavy chain. 

Furthermore, the results presented here should facilitate the rational design of RTX mimics. As mAbs have several limitations 

related to their nature (expensive biotechnological procedure, large size which limits tissue penetration), the design of 

peptidomimetics that focuses on small loops represents a novel strategy to produce new therapeutic compounds for the treatment of 

several malignancies and other diseases. In this context, our group is developing new RTX mimics and results will be reported in 

due time. 

CONCLUSION 

In recent years, much research effort has been devoted to determine the antibody-epitope binding site as the range of therapeutic 

mAbs has been remarkably increasing since the beginning of the 21st century. While the commonly accepted view has been that X-

ray crystallography remains the key technique with NMR to identify the site of a protein-protein interaction, our results suggest that 

the dual SPOT-SPR methodology is also appropriate to identify critical residues involved in the recognition domain. Using the dual 

SPOT-SPR methods, we have mapped the rituximab domain that recognizes the CD20 epitope. Interestingly, the binding site dif-

fers from that obtained by X-ray structure analysis opening questions regarding the use of supplementary methods in addition to 

crystallography to determine the mAb binding site. Together, our results provide new insights in CD20-RTX recognition and could 

pave the way for the discovery of mAb mimics by means of amino acids residues involved in the binding. 
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