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Peptide Microarrays for CDx development: The SeroRA Library 

Standard RA Antigens Other RA Antigens Pathogen-Based RA Antigens

Vimentin α-1B-Glycoprotein EBNA-1

Filaggrin Tryptase Nuclear protein EBNA-2

Enolase Aggrecan DnaJ (E.coli)

Fibrinogen Clusterin EBV Envelope glycoprotein B

Actin 78 kDa glucose-regulated protein Immunoreactive 23 kDa antigen PG3

Collagen alpha-1(II) chain Glucose-6-phosphate Receptor antigen A

Histone 2A Apolipoprotein E Minor fimbrium tip subunit MfA4

Ro ribonucleoprotein BiP Peptidylarginine deiminase

Rheumatoid factor RF Myeloid cell nuclear antigen 19 kDa Lipoprotein Antigen

Myelin basic protein Biglycan Hemolysin transporter protein HpmB

Standard Peptides Citrullinated Peptides Homocitrullinated Peptides 

Microarray 
Set-Up 
•custom or 
standard content 
•any peptide or 
protein list 
•selection by 
PEPperPRINT 

Epitope 
Discovery 
•discovery chip 
format for hit 
identification 
•up to 30,000 
peptides in 
duplicate per 
microarray 

Hit Selection for 
2nd Microarray 
• focused peptide 
library based on 
top hits 
•screening format 
for higher sample 
numbers 

Cohort 
Screening 
•assays with 
hundreds of 
samples 
•single or dual 
isotype read-out 

Statistical Data 
Analysis 
•data quantifi-
cation and 
formatting 
•statistical 
microarray data 
analysis 

Validation and 
Optimization 
•selection of top 
peptides for 
validation 
•optimization of 
peptides by 
substitution scans 

Transfer to 
ELISA/Luminex 
•generation of 
loaded MTPs for 
ELISA/Luminex 
beads 
•assay develop-
ment for final test 
format 

• Application: Patient stratification, serum-based IVD and CDx development 
for rheumatoid arthritis 

• Library setup: >100,000 linear and cyclic constrained peptides with citrulline 
and homocitrulline variants 

• Antigen coverage: Epitope-wide coverage of standard autoantigens like 
Vimentin, Fillagrin, Enolase or Fibrinogen, new autoantigens (BiP, α-1B-
Glycoprotein) and pathogen-derived antigens like EBNA-1 or DnaJ 

• Largest RA peptide library based on hundreds of antigens 
• First comprehensive library with homocitrulline 
• More than 100,000 linear and cyclic constrained peptides 
• Higher epitope specificity than protein-based assays 
• Closes gap for anti-CCP, anti-MCV and RF negative RA 

Summary 
The SeroRA Library is the world’s biggest 
library for the isotype-specific analysis of 
antibody responses in RA patients. It is 
based on more than 100,000 peptides from 
hundreds of autoantigens and pathogen 
antigens and includes not only the native 
peptides, but also the corresponding 
citrullinated and homo-citrullinated peptides 
in linear and cyclic constrained form. The 
SeroRA library enables the identification of 
new prognostic RA peptide markers or 
marker combinations with higher sensitivity 
than standard tests for IVD and CDx 
development.  

Combinatorial peptide synthesis with amino acid toner particles  

Background Technology PEPperPRINT's unique peptide microarray platform is based on a completely new 
approach for combinatorial synthesis: Instead of using e.g. standard spotting or 
lithographic technologies, we print amino acid toner particles with a custom 24-color laser 
printer. In less than a minute, a layer of a defined amino acid toner particle pattern is 
printed with micro resolution onto a coated glass slide (see sketch on left). After printing, 
the toner particles are melted by heating to release the embedded amino acids with high 
spatial resolution. The released amino acids can now couple to the functionalized glass 
slide or previously coupled amino acids. In accordance with solid phase Fmoc chemistry, a 
cycle of synthesis is completed by washing and cleavage of the N-terminal Fmoc 
protection group. This combinatorial cycle of synthesis is repeated until the intended 
peptide length of the microarray is reached. By routine double coupling steps, the coupling 
efficiency of the peptide laser printing process is close to 99%. 
 

Bayer et al. Science 2007, Stadler et al. Angew. Chem. Int. Ed. 2008 

Peptide Laser Printer 

The identification of early biomarkers for severe diseases by noninvasive methods is highly important but demanding. High-density peptide microarrays 
are a very efficient tool for antibody biomarker discovery from serum (see case studies below). For the first time, PEPperPRINT's platform technology 
enables the generation of high-density peptide microarrays with a unique content flexibility in the most cost-effective manner. 

Autoimmune Disease Research 
  Diagnostic tests for infectious diseases are often based on the analysis of serum 

antibodies directed against pathogen antigens. PEPperPRINT developed solutions for 
infectious disease research that allow highly multiplexed screenings of pathogen-specific 
serum antibodies and the discovery of new prognostic markers on the epitope level.  

Zika infection during 
pregnancy 

Microcephaly, blood was 
taken right after birth 

Zika+/Dengue-, acute 
conditions, > 10 days 

Neurozika, acute 
conditions, 6-15 days  

Infectious Disease Research  

Example: Identification of Zika virus epitopes in patient sera 
• Goal: Identification of Zika virus epitopes in patient sera, differentiation between patient groups  
• Microarray setup: Zika virus genome polyprotein translated into 2,744 overlapping peptides  
• Samples: Zika patient sera from Brazil (pregnancy, microcephaly, neurozika, dengue negative sera)  
• Outcome: Common IgG epitopes (red, IgM in green) in dengue negative, pregnancy and microcephaly cases  

Autoimmune diseases are based on immune responses against healthy cells and tissues of an 
individual, and result from pathogenic autoantibodies or self-reactive T-cells. We developed a 
number of autoimmune-related peptide microarrays to pinpoint and profile every possible 
autoantibody response throughout an entire patient population. 

Example: PEPperCHIP® Autoimmune Epitope Microarray 
• Goal: Identification of IgG and IgM autoantibody profiles in patient serum  
• Microarray setup: 4,287 linear autoimmune epitopes of the Immune Epitope Database 
• Samples: Serum of 56 year old female diabetes mellitus type 1 patient (1:500, 3 μl serum) 
• Outcome: IgG response against diabetes protein tyrosine phosphatase, IgG and IgM 

responses against Sjögren’s syndrome  epitopes  

Microarray Scan 

Human herpesvirus 4 
Human poliovirus 3 strain Sabin 

Human coxsackievirus A9 

Protein tyrosine 
phosphatase 

Calreticulin precursor 

Integrin beta-3 precursor 

High mobility group protein B1 Histone H1b 
Ribosomal protein P-JL5 

Small nuclear ribonucleoprotein Sm D1/ 
Human herpesvirus 4 

The PEPperCHIP® Autoimmune Epitope 
Microarray was assayed with human
serum 181641 (1:500) followed by 
staining with the secondary anti-IgG 
(red) and anti-IgM (green) antibodies 
and data read-out with a microarray 
scanner. Data quantification resulted in 
intensity plots for the IgG (red) and IgM 
(green) antibody profiles. For a better 
data overview, the baselines of the 
intensity plots were leveled. 

For the very first time, the new PEPperCHIP® Human Epitome Microarray covers all 
linear human B-cell epitopes of the Immune Epitope Database. The 28,895 different 
peptides of the PEPperCHIP® Human Epitome Microarray are based on 23,163 
database epitopes of 2,542 different proteins and 468 different organisms related to 
infectious diseases, autoimmune diseases, allergies, cancer and vaccines. 

Bridging infectious and autoimmune diseases: The Human Epitome Microarray 
Case study: IgG and IgM screening with clinical serum of SLE patient 

Applications: 
• Epitome-wide antibody screening 
• Differentiation between IgG and IgM or IgA response profiles 
• High-throughput serum biomarker discovery for autoimmune and infectious diseases as well as cancer 
• Identification of prognostic epitopes for IVD and Cdx development 
• Patient stratification 
• Investigation of links between autoimmune and infectious diseases 

Serum 110116, IgM Response Serum 110116, IgG Response Epitope ID Source Molecule Accession Source Molecule Name Source Organism ID Source Organism Name Epitope ID
477,0 65.007,0 11460 808657 Bzlf1 10376 Human Herpesvirus 4 11460
932,0 65.007,0 11460 808657 Bzlf1 10376 Human Herpesvirus 4 11460
662,0 65.007,0 65691 9629445 Envelope Glycoprotein G 10299 Herpes Simplex Virus (Type 1 / Stra 65691

1.030,0 65.007,0 135990 6730243 Chain 1, The Crystal Structure Of Coxsackieviru 12067 Coxsackievirus A9 135990
945,0 65.007,0 136011 6730243 Chain 1, The Crystal Structure Of Coxsackieviru 12067 Coxsackievirus A9 136011
532,0 64.574,0 99886 130503 Genome Polyprotein 270338 Human Poliovirus 3 Strain Sabin 99886
332,0 63.826,0 83234 25121843 Coat Protein Vp1 12081 Human Poliovirus 1 Mahoney 83234
164,0 63.826,0 103589 1877390 Probable 50S Ribosomal Protein L7/L12 Rpll (Sa 1773 Mycobacterium tuberculosis 103589
390,0 61.774,0 30661 217315555 Vp1 270338 Human Poliovirus 3 Strain Sabin 30661
162,0 54.186,0 118807 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118807
170,0 53.626,0 42110 808657 Bzlf1 10376 Human Herpesvirus 4 42110
308,0 49.922,0 11081 161213705 Capsid Protein 12067 Coxsackievirus A9 11081
373,0 49.603,0 46859 25121843 Coat Protein Vp1 12081 Human Poliovirus 1 Mahoney 46859

1.351,0 44.886,0 42322 9629445 Envelope Glycoprotein G 10299 Herpes Simplex Virus (Type 1 / Stra 42322
206,0 38.763,0 11460 808657 Bzlf1 10376 Human Herpesvirus 4 11460

98,0 36.262,5 164167 33469803 Vp1 Capsid Protein 12132 Human Rhinovirus A89 164167
180,0 34.881,0 11081 161213705 Capsid Protein 12067 Coxsackievirus A9 11081
175,0 33.647,5 81565 25121843 Coat Protein Vp1 138950 Enterovirus C 81565
174,0 30.921,5 83789 31247842 Polyprotein 12071 Coxsackievirus B1 83789
371,0 30.140,0 46858 SRC265977 Genome Polyprotein 12072 Coxsackievirus B3 46858
319,0 28.686,0 118807 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118807
198,0 27.908,0 89152 139195 Capsid Protein Vp26 10377 Human Herpesvirus 4 (Strain B95-8) 89152
549,0 27.167,0 11579 9629445 Envelope Glycoprotein G 10299 Herpes Simplex Virus (Type 1 / Stra 11579

1.579,0 26.521,0 136706 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 136706
112,0 23.786,0 118807 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118807
596,0 21.467,0 55670 119110 Epstein-Barr Nuclear Antigen 1 10376 Human Herpesvirus 4 55670
183,0 20.571,0 136167 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 136167

75,0 20.043,0 136570 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 136570
81,0 19.425,0 164167 33469803 Vp1 Capsid Protein 12132 Human Rhinovirus A89 164167

1.336,0 18.686,0 136706 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 136706
624,0 15.713,0 26265 9629445 Envelope Glycoprotein G 10299 Herpes Simplex Virus (Type 1 / Stra 26265

78,0 15.573,0 50669 119114 Epstein-Barr Nuclear Antigen 6 10377 Human Herpesvirus 4 (Strain B95-8) 50669
156,0 15.178,0 82831 25121843 Coat Protein Vp1 12081 Human Poliovirus 1 Mahoney 82831
241,0 14.917,0 118801 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118801

0,0 14.350,0 118948 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118948
79,0 13.947,0 118807 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118807

153,0 13.715,0 118807 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118807
0,0 13.290,0 89152 139195 Capsid Protein Vp26 10377 Human Herpesvirus 4 (Strain B95-8) 89152

162,0 13.243,0 117537 177783 Ro Ribonucleoprotein 9606 Homo Sapiens 117537
448,0 10.586,0 12118 9629445 Envelope Glycoprotein G 10299 Herpes Simplex Virus (Type 1 / Stra 12118

0,0 10.050,0 32723 1353203 Major Surface Glycoprotein G 11260 Human Respiratory Syncytial Virus 32723
0,0 9.727,0 136006 6730243 Chain 1, The Crystal Structure Of Coxsackieviru 12067 Coxsackievirus A9 136006

240,0 9.248,0 118801 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118801
1.401,0 9.106,0 95399 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 95399

258,0 8.022,0 118801 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118801
0,0 7.468,0 55670 119110 Epstein-Barr Nuclear Antigen 1 10376 Human Herpesvirus 4 55670

32,0 7.452,0 227017 119110 Epstein-Barr Nuclear Antigen 1 10377 Human Herpesvirus 4 (Strain B95-8) 227017
308,0 7.138,0 118776 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118776
191,0 7.059,0 118776 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 118776
129,0 6.931,0 136570 82014302 Ebna-1 Protein 10376 Human Herpesvirus 4 136570

0,0 6.843,0 3538 808657 Bzlf1 10376 Human Herpesvirus 4 3538

The PEPperCHIP® Human Epitome 
Microarray was assayed with the serum 
of a patient with SLE followed by IgG 
and IgM read-out. The top IgG 
responses were directed against 
epitopes of EBV, polio virus and herpes 
simplex virus. The strongest IgG 
response was against an autoantigen 
was directed against Ro 
ribonucleoprotein , a known antigen for 
SLE and Sjögren’s syndrome. 
Moreover, we observed a number of 
IgM responses against calreticulin 
epitopes that are also correlated with 
SLE and coeliac disease. 


