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Abstract 
Human proteome exploration reveals a better understanding of various diseases, provides a gateway for 
development of new drugs and drug targets. Antibody based proteomics uses specifically developed 
antibodies for mapping corresponding proteins.  
 
Biotin, a water soluble B-complex vitamin is used to tag and make the antibodies visible in various 
immunoreactivity experiments like immuno-rolling circle amplification (iRCA), streptavidin-horseradish 
peroxidise (SA-HRP), proximity ligation assay (PLA), immuno fluorescence, etc.  
 
Unspecific staining and backgrounds noises were observed in various immunoreactivity experiments, thus this 
study was initiated to identify a more accurate and better biotin conjugation technique. The aim of this study 
is to compare the staining efficiency of antibodies biotinylated using two different biotinylation techniques, 
Lightning Link biotinylation (LL) and a newly developed Z-domain protein based biotinylation (ZBPA). Lightning 
link biotinylation technique employs amine groups on the antibodies for biotinylation while ZBPA biotinylation 
uses a strategic way of coupling a single biotin on the Fc region of antibody using bioengineered Z- domain 
protein.  
 
Immunoreactions SA-HRP technique and automated immunohistochemistry for unconjugated antibodies (IHC) 
were performed here on Tissue microarray (TMA). 14 antibodies are used for this project. Staining of Lightning 
Link conjugated, ZBPA conjugated, non conjugated antibodies are compared. Results showed that 4 antibodies 
showed similar staining for conjugated and unconjugated antibodies, 9 antibodies showed ZBPA conjugation 
better than LL conjugation, 1 antibody showed different staining between conjugated and unconjugated 
antibodies. Control experiments like filtering of free biotins, conjugation of albumin and filtering of conjugated 
of albumins are also performed. 
 
We find that the Lightning Link biotinylation method is showing unspecific staining and even conjugating other 
proteins in the antibody vial. This study shows that, ZBPA biotinylation seems to be a better biotinylation 
method than Lightning Link biotinylation. 
 
Introduction 
Proteomics is the study of genomic translational protein products, their functions and interactions 
[1].Proteomics shows fundamental insights to molecular aspects of human being as well as providing 
molecular techniques for diagnostic and therapeutic field. Proteomics techniques can provide quantitative 
information about cellular protein expression level and protein-protein interactions. Protein activities are 
responsible for the biochemical regulations and cell functioning, thus quantitative knowledge about them is 
quite important to know more about cause and treatment of diseases [2]. It is known that protein behaviour 
cannot be predicted by gene sequence alone, since post translated product can vary each other according to 
its half life, compartmentalization and various post translational modifications. Thus proteomics studies about 
the dynamic gene expressed products and their interaction rather than merely predicting protein structures 
from genome sequence [3].  
 
Due to previous advancement in high throughput genomic sequencing and large scale analysis of genomic 
expression in different cell types, genomics were used for drug discovery and target validations [4]. However, 
it was found that prediction of gene expression cannot provide information about post-translational modified 
or degraded protein product, leading to proposition of proteomics for drug discovery [1, 3]. 
 
Two-dimensional gel electrophoresis, mass spectroscopy, protein array and others are commonly employed in 
proteomics for drug discovery. Drug discovery is a multi phased process, involving, identification of cause of 
disease, target of disease and various developments during clinical treatments. Thus, information about 
protein function and development is the key for timely knowledge about disease diagnostics and prognostics 
[1]. Proteomics is a promising and still advancing in the field of drug discovery and therapeutics [4, 5]. 

Antibody based proteomics has a strategic way of generating and employing specific antibodies for exploring 
the proteome [6, 7]. Combination of antibody based techniques with genomic and transcriptomic techniques 
opens up a wide promise for clinical diagnostics [7].  
 



The Human Protein Atlas project (HPA) aims at exploring the human proteome, through a high throughput 
generation of antibodies and employing them to map human proteome. Recombinant protein epitope 
signature tags (PrEST) proteins are used as antigens to produce polyclonal Monospecific antibodies (msAbs), 
which are later used to visualise the protein expressions on tissue micro arrays (TMA). 50-150 amino acids 
short coding PrEST’s are identified for particular proteins from the human genome sequence (Ensembl), Low 
homology regions are selected and less immunogenic transmembrane regions are avoided during PrEST 
selection, for high specificity and uniqueness of antibodies they create [8]. Validations of antibodies are done 
to confirm specificity of antibody towards its particular protein and also to ensure whether it will cross react 
with other proteins. Sequence verification of PrEST clones and electron spray mass spectrometry are normally 
employed to validate the antibodies. HPA antibodies are protein array verified and later experimented on 
tissue microarrays made from multiple formalin fixed tissues. Immunoreactivity of two validated PrEST 
antibodies representing non overlapping epitope of same protein are compared to confirm its authenticity, 
antibodies property to bind predicted sized targets are checked with western blot and cellular localization is 
confirmed with immunofluorescence [8, 9]. 
 
Immunohistochemistry is the best insitu method for studying expression of proteins in tissues, cells and 
tumour tissues. The advancement of new techniques and automation of TMAs and IHC, upgraded the use of 
immunohistochemistry as high throughput “readout” [10].TMA is a normal glass slide, containing hundreds of 
tissues, including normal tissue, tumour tissue and cell lines. TMAs help to comparatively analyse protein 
expression in hundreds of tissues on a single slide using very less quantity of reagents [11]. “Tissue sausage” 
method developed by Battifora (1986) was the one earliest high throughput histology attempt known. Later, 
tumour tissue microarrays were developed and experimented [12]. Upon the development of automated new 
techniques, nowadays high throughput TMA technology is widely used in clinical applications for more faster 
drug targeting , diagnostics and tissue profiling [11, 6]. 
  
Biotin, a water soluble B-complex vitamin is used to tag and make the antibodies visible in various 
immunoreactivity experiments. Since biotins have high affinity towards avidin, Strepta avidin (SA) coupled to 
horse radish peroxidase (HRP), can be used to analyse protein expression on TMAs employing biotinylated 
antibodies.  
 
Lightning link is a commercially available biotin conjugation kit. Lightning Link conjugates biotins using the 
amine groups of the molecule it labels. ZBPA biotin conjugation technique uses a more austere way to 
conjugate biotin onto antibodies. ZBPA is a bioengineered molecule, Z-domain of protein A from 
Staphylococcus aureus and benzoylphenylalanine (BPA). Single biotin will be bound to ZBPA molecule and this 
ZBPA molecule can be attached specifically to the Fc region of IgG2, eliminating the chance of altering its 
catalytic site [13]. 
 
Normal biotinylation techniques targets amine and carboxyl groups to conjugate biotins [14]. Since various 
other proteins like albumin are also found in antibody buffer, possibility of biotinylation of other proteins in 
the antibody vials, cannot be eliminated. Due to presence of multiple amines on an antibody, multiple 
biotinylation can be seen on a single antibody. We doubted the possibility of losing of antibodies specificity, if 
the biotin is conjugated on or near antibodies reaction site. 
 
In this study, we have compared the biotin conjugation of Lightning Link biotinylation technique and ZBPA 
biotinylation technique. 14 antibodies representing 13 proteins and different antibody distributors are used in 
this project. Lightning Link biotinylation method is showing unspecific staining and conjugating other proteins 
like albumin in the antibody vial. More site specific and specific biotin incorporated ZBPA biotinylation seems 
to be a better biotinylation method than multiple amine biotinylated Lightning Link biotinylation. 
 
Materials and methods 
Tissue microarray (TMA) 
Hundreds of TMA’s are made from a recipient tissue microarray block, according to standard TMA making 
protocol (Fig.1 and Fig.2) [6, 12, 15]. Recipient TMA block used in this study, contains predesigned pattern of 
0.6-1.5 mm diametric cores from two cell lines and 35 donor tissue blocks. Tissue cores selected here 
contained malignant and non malignant tissues, specifically representing every antibody used in this project 
[Table.1].  



     

 
 
 
Fig.1. Preparation of recipient paraffin block for TMA preparation shown [12].Preparation of tumour array block: a) taking 
out a core tissue from a paraffin embedded donor tissue block using cork borer like thin walled stainless steel tube. b) 
Inserting of the core tissue inside the stainless steel walled tube into recipient paraffin block in a predesigned array 
pattern. 
 
 
 

 
 
Fig. 2. TMA generation shown by (Uhlen et al., 2005) [5]. a) The formalin fixed tissue containing donor tissue block. b) The 
recipient tissue block made by predesigned arrangement of tissue cores from donor tissue block. c) The several hundreds 
of TMA’s made from 3-4 µm cross sections from recipient tissue block. d) Sample view of protein expression seen in these 
TMA’s. 
 
Antibodies 
Antibodies are selected according to the selection criteria mentioned in (Table 1), where the antibody 
represents various subcellular staining and specific tissues staining. Antibodies also differ from each other in its 
clonality, IgG2 type, etc. Antibodies were searched using The Human Protein Atlas web portal 
[http://www.proteinatlas.org/]. Thorough literature research was also used to select the antibodies. 
 
 
 



Table 1: Antibodies staining particular proteins were selected according to selection criteria and antibody 
specificity. 

 

*protein yet not published in The Human Protein Atlas website 
 
Biotinylation of antibodies 
Lightning Link biotinylation 
Biotins are conjugated onto antibodies using the protocol recommended by Lightning Link biotin type A (704-
0010, Innova Biosciences Ltd., Cambridge, United Kingdom), where 100 µl of antibody was first mixed well 
with 10 µl LL-modifier, and poured onto the lyophilised material in the glass vial and kept closed at room 
temperature for three hours or more; later the reaction was stopped upon addition of 10 µl LL-quencher to 
the glass vial and the conjugated antibody was used after 30 minutes. 
  
Concentration of antibodies for Lightning link biotin conjugation 
Since the Atlas antibodies are of lesser concentration than recommended concentration by Lightning Link. We 
felt that there could be unconjugated free biotins left in the conjugation vial, where upon distributing free 
biotin in the immunoreactions site. This doubt was analysed in this control experiment, where antibodies 
STMN1, ABCG1 and KRT1 were concentrated before the lightning link conjugation using Viva 500 
polyethersulfone (VS0121, Viva products, Massachusetts, United States), their concentrations were 
approximately doubled by taking away nearly half of its diluent. The initial approximate stock concentrations 
of STMN1 (CAB010107), ABCG1 (HPA031470) and KRT1 (HPA017917) were 0.2 µg/ µl, 0.28 µg/ µl and 0.22 µg/ 
µl respectively. 
 
Filtration and concentration of Lightning link biotin conjugated antibodies 
Since the Atlas antibodies are of lesser concentration than recommended concentration by Lightning Link. We 
felt that there could be unconjugated free biotins left in the conjugation vial. Where upon, distributing free 
biotin in the immunoreactions site. Thus, six of Lightning link biotin conjugated antibodies HPA017917, 
HPA006884, HPA018198, HPA012828, HPA021803 and CAB010107 were filtered using Viva 500 
polyethersulfone (VS0121, Viva products,  Massachusetts, United States), to eliminate free biotins if present. 

Protein  Antibody  mAb/pAb Selection criteria / Antibody specificity 

ABCG1  HPA 031470  Polyclonal  Subcellular staining in  mitochondria,  stains ubiquitously in all tissues  

ACAT1  HPA 007569  Polyclonal  Subcellular staining in mitochondria;  stains ubiquitously in all tissues  

ACTL7B  HPA 021803  Polyclonal  Subcellular staining in plasma membrane, cytoplasm and vesicles; stains 
specifically in testis  

ANXA1  CAB 035987  IgG2a , 
Monoclonal  

Subcellular staining in nucleus and cytoplasm ; placenta, tonsil, skin and 
prostrate tissues are stained; commercial sibling of  HPA 011271 antibody  

ANXA1  HPA 011271  Polyclonal  Subcellular staining in nucleus and cytoplasm; placenta, tonsil, skin and 
prostrate are stained  

B2M  CAB 002572  Polyclonal  Cytoplasm or membranous subcellular staining; stains ubiquitously in all 
tissues  

CALD1  HPA 017330  Polyclonal  Subcellular staining in plasma membrane and cytoskeleton; stains smooth 
muscles  

KRT1  HPA 017917  Polyclonal  Subcellular staining in mitochondria and cytoplasm; stains specifically in 
skin  

MAP2  HPA 012828  Polyclonal  Subcellular staining in cytoplasm and nucleoli; cerebral cortex, smooth 
muscles and islets are stained  

SIGLEC6  HPA 018198  Polyclonal  Subcellular staining in plasma membrane, cytoplasm, nucleus but not 
nucleoli;  stains ubiquitously in all tissues  

STMN1   CAB 010107  IgG2b , 
Monoclonal  

Subcellular staining in cytoplasmic membrane; stains testis, cerebral 
cortex and intestine  

TOP2A  HPA 006458  Polyclonal  Subcellular staining in nucleus; stains ubiquitously in all tissues  

VIL1  HPA 006884  Polyclonal  Subcellular staining in cytoplasm and vesicles; stains villi in intestine  

Zinc finger 
protein*  

CAB 035966  IgG2, 
Monoclonal  

Potential biomarker for lung cancer  



 
Conjugation of human albumin 
In order to control for the effect of biotinylation of albumin present in antibody stock solutions, human serum 
albumin was conjugated with biotins using lightning link kit. Biotins were conjugated onto albumin using the 
protocol recommended by Lightning-Link Biotin type A (704-0010, Innova Biosciences Ltd., Cambridge, United 
Kingdom), where 100 ul of albumin was first mixed well with 10 ul LL-modifier, and poured onto the lyophilised 
material in the glass vial and kept closed at room temperature for three hours or more; later the reaction is 
stopped upon addition of 10 ul LL-quencher to the glass vial and incubated again for 30 minutes. 
 
ZBPA conjugation of antibodies 
Z-domain protein based biotinylation (ZBPA) developed and described in Konrad et al, Bioconjugate 
Chemistry [13].Z domain of each protein A molecule from Staphylococcus aureus were first biotinylated using 
biotin attached BPA molecule. Later these biotinylated ZBPA molecules are fixed onto the FC region of IgG 
antibodies using a newly developed technique in Stockholm. Since only one ZBPA molecule are attached to the 
Fc domain of each antibody, the unconjugated antibodies, biotins and ZBPA are filtered off during later 
centrifuging in certain columns. 80-85 % of antibodies are conjugated and recovered during each conjugation. 
[13]. 
 
Dots blot analysis for conjugation verification 
Add 1 µl of conjugated antibody samples per dot onto the nitrocellulose membrane (162-0167, Biorad, CA, 
USA) and let membrane dry in room temperature, non-specific sites are blocked by incubating in milk at room 
temperature, incubated with primary antibody diluted in 1:1000 dilution at room temperature. Washed 4 x 5 
minutes with 1xTris Buffered Saline with Tween 20 (TBST)(0.5%), and once with Tris Buffered Saline , then 
incubated for an hour in HRP conjugated secondary antibody in dilution 1:3000 and again washed 4 x 5 
minutes with 1xTris Buffered Saline with Tween 20 (TBST)(0.5%). Detection is by incubating with Super Signal 
West Dura Chemiluminescent Substrate (34075, Thermo Scientific, Fremont, USA)  
 
Automated immunohistochemistry  
 Heat-Induced Epitope Retrieval (HIER) was done in decloaking chamber (Biocare Medical, Walnut Creek, CA), 
where the slides are boiled for 4 minutes at 125 °C, pH 6.0. Later slides are cooled and automated 
immunohistochemistry was performed using Autostainer Plus instrument (Glostrup, Denmark), slides were 
incubated at room temperature for 30 minutes in primary antibody [Table.2.]and Ultra Vision LP Large Volume 
Detection System HRP polymer (TL-060-HL, Thermo Scientific, Fremont, USA ) respectively, and developing was 
done by incubating for 5 minutes in DAB Plus Substrate System (TA-060-HDX, Thermo Scientific, Fremont, 
USA). Rinsing 2 times for 2 minutes in wash buffer (Dakocytomation) was performed after every incubation 
mentioned above. Later the immunoreacted slides were washed in tap water and counterstained in fully 
automated glass cover slipper (CV5030, Leica Biosystems, Nussloch, Germany). 
 
Manual SA-HRP immuno staining 
Heat-Induced Epitope Retrieval (HIER) was done in decloaking chamber (Biocare Medical, Walnut Creek, CA), 
where the slides were boiled for 4 minutes at 125 °C, pH 6.0, later slides were cooled. Endogenous avidins and 
biotins were blocked by incubating the slides in Avidin/Biotin Blocking System (TA-015-BB,Thermo Scientific, 
Fremont, USA) at room temperature for 10 minutes, slides were incubated at room temperature for 30 
minutes in respective antibody dilutions (shown in Table 2) and Large Volume Streptavidin Peroxidase (TS-060-
HR, Thermo Scientific, Fremont, USA) respectively, and developing was done by incubating for 5 minutes in 
DAB Plus Substrate System (TA-060-HDX, Thermo Scientific, Fremont, USA). Rinsing 2 times for 2 minutes in 
wash buffer (Dakocytomation) was performed after every incubation mentioned above. Later the 
immunoreacted slides were washed in tap water and counterstained in fully automated glass cover slipper 
(CV5030, Leica Biosystems, Nussloch, Germany). 
 
 
 
 
 
 
 



 
 
 
 

Table2. Antibody dilutions used for IHC, ZBPA SA-HRP and LL SA-HRP 
 

Protein  Antibody  Automated IHC dilutions ZBPA SA-HRP dilutions LL SA-HRP dilutions 
ABCG1  HPA 031470  1:150 1:5 1:60 
ACAT1  HPA 007569  1:750 1:5 1:75 
ACTL7B  HPA 021803  1:125 1:2.2 1:40 
ANXA1  CAB 035987  1:15000 1:900 1:900 
ANXA1  HPA 011271  1:1250 1:50 1:125 
B2M  CAB 002572  1:12000 1:20 1:100 
CALD1  HPA 017330  1:2000  1:100 
KRT1  HPA 017917  1:500 1:45 1:55 
MAP2  HPA 012828  1:80 1:4 1:250 
SIGLEC6  HPA 018198  1:350 1:4 1:200 
STMN1   CAB 010107  1:250 1:1.6 1:8 
TOP2A  HPA 006458  1:200 1:8 1:115 
VIL1  HPA 006884  1:500 1:10 1:450 
Zinc figure protein*  CAB 035966  1:8000 1:3.7 1:125 

 
Digital Imaging and evaluation of results 
Immunostained core images on the TMA’s were evaluated under Olympus BX51 microscope. Tissue specificity 
as well as subcellular localization was analysed. High quality images of IHC staining results using unconjugated 
antibodies, available on the Human Protein Atlas website [http://www.proteinatlas.org/] were used as 
reference. In addition, literature studies about the proteins were referred to confirm the reliability of protein 
staining analysed. Evaluated TMA slide were digitally scanned and images taken for individual tissue cores at 
40X magnification using Scan Scope T2 (Aperion Technologies, Vista, CA).  
 
Results 
Since this study is a qualitative comparison project rather than a quantitative comparison, the staining 
intensity and specificity are noted. The HRP stained portion of tissues are visible as brown, the intensity of 
brownness shows the concentration of that particular protein the tissue. Hematoxylin is the counter 
staining method used here, thus the unstained portions in the images are visible as blue. 
 
Comparison of Automated IHC, ZBPA biotinylated SA-HRP and LL Biotinylated SA-HRP 
As a result, three cases of staining were observed (Figures 3-16 in the Appendix). Four antibodies B2M, both 
ANXA1 and CALD1 showed similar staining pattern for immunoreactions biotinylated in both ways (Figures 3-
6). Nine antibodies ABCG1, ACAT1, ACTL7B, KRT1, MAP2, SIGLEC6, STMN1, TOP2A andVIL1 showed the cases 
in which the ZBPA biotinylated antibodies showed weaker but similar staining to automated IHC, and LL 
showed unspecific staining with lots of backgrounds (Figures 7-15). Zinc finger protein* (CAB035966) showed 
the strange case in which both the biotinylation stained unspecifically compared to automated IHC (Figure 16 
the Appendix). 
 
Control Experiments  
Certain Lightning Link biotinylated antibodies ACAT1, ACTL7B and KRT1 were filtered for their free biotins, to 
analyse whether they were affecting staining specificity (Figures 8, 9, 10). It is observed that, filtration of free 
biotin did not reduce the background noise for ACAT1 (HPA007569) and ACTL7B (HPA021803). However, the 
filtration of biotin seemed to make Lightning link biotinylated KRT1 (HPA017917) stain similarly to automated 
IHC staining (Figure 10). 
 
Since most of antibody stock contains albumins along with the buffer. Human Serum albumins are biotinylated 
used Lightning link. Immuno reactions are performed using them, to recognise their role in staining specificity. 
The different albumin concentrations used are 1:50, 1:100 and 1:1000 (i.e. 2µg/ml, 0.2µg/ml and 0.02µg/ml) 
respectively (Figure 16, 17).  
 



SA-HRP staining of free biotin filtered and unfiltered biotinylated Human serum albumin, showed that Human 
serum albumins are also getting conjugated with Lightning link biotinylation. With the filtration of free biotins 
the intensity of albumin staining is reduced.  
 
Discussion 
In antibody based proteomics, specific binding of antibody and stringent antibody detection are necessary. 
Automated IHC staining images and images from [http://www.proteinatlas.org/] are used for comparing 
biotinylated antibody staining.  ZBPA conjugated antibodies required more concentration of antibodies for 
each experiment, but showed specific staining. Lightning link conjugated antibodies showed specific staining 
for B2M, both ANXA1 and CALD1 (Figures 3-6); but, unspecific staining with background noise for the other 11 
antibodies. This particular study reveals that, when antibodies are conjugated with different methods, they 
show difference in staining patterns.  

In case of Lightning Link conjugation, antibodies showed unspecific staining. Some of the  antibodies had lower 
stock concentrations, compared to recommended Lightning link recommended concentration (100-200 µg) 
(www.innovabiosciences.com, acquired 2011-12-01). Thus, the reasons for unspecific staining could be: 
antibody concentration, presence of free biotins and albumin conjugation of antibody.  

Antibodies ABCG1, KRT1 and STMN1 are concentrated before Lightning Link conjugation. Antibodies KRT1, 
VIL1, SIGLEC6, MAP2, ACTL7B and STMN1 were filtered after Lightning Link conjugation. But, Results (Figures 
7- 13) showed that Lightning Link conjugated antibodies still stained unspecifically.  

Human serum albumin at different concentrations (1:50, 1:100 and 1:1000) (i.e. 2µg/ml, 0.2µg/ml and 
0.02µg/ml) are Lightning Link conjugated. Biotinylated albumins were used instead of conjugated antibodies 
for immunoreactions. Results showed that conjugated albumins are getting unspecifically stained (Figure 16, 
17), and the staining intensity is also getting reduced with reduction in concentration of albumin.  
 
As a conclusion, Lightning link Biotinylation is conjugating other proteins present in the vial along with the 
antibodies, thus they are showing more background noise and unspecific staining. ZBPA biotinylation shows to 
have weaker but specific staining. 
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Appendix 

 

 

 

Fig.3. ANXA1 (CAB035987) antibodies showing similar staining patterns, showing the nuclear and cytoplasmic staining in 
placenta. (a.) automated IHC staining. (b.) Lightning link biotinylated SA-HRP staining. (c.) ZBPA biotinylated SA-HRP 
staining. 

 

a. 

b. 

c. 



 

 

 

Fig.4. ANXA1 (HPA011271) antibodies showing similar staining patterns, showing the nuclear and cytoplasmic staining in 
placenta.  (a.) automated IHC staining. (b.) Lightning link biotinylated SA-HRP staining. (c 
.) ZBPA biotinylated SA-HRP staining. 

 

a. 

b. 

c. 



 

 

 

Fig.5. B2M (CAB002572) antibodies showing similar staining patterns, showing some secretions in prostrate tissue. (a.) 
automated IHC staining. (b.) Lightning link biotinylated SA-HRP staining. (c.) ZBPA biotinylated SA-HRP staining. 

a. 

b. 

c. 



 

 

 

Fig.6. CALD1 (HPA017330) antibodies showing similar staining patterns, staining showed in smooth muscles in prostrate. 
(a.) automated IHC staining. (b.) Lightning link biotinylated SA-HRP staining. (c.) ZBPA biotinylated weaker but specific SA-
HRP staining. 

 

a. 

b. 

c. 



 

 

 

Fig.7. ABCG1 (HPA031470) antibodies showing unspecific staining patterns in Lightning link SA-HRP, showing cytoplasmic 
staining in duodenum. (a.) automated IHC showing staining cytoplasmic staining in duodenum. (b.) Lightning link 
biotinylated SA-HRP staining showing an unspecific staining with unspecific nuclear background. (c.) ZBPA biotinylated SA-
HRP showing staining cytoplasmic staining in duodenum. 

a. 

b. 

c. 



 
 

 
 

 
 

 
 
Fig.8. ACAT1 (HPA007569) antibodies showing unspecific staining patterns in Lightning link SA-HRP, showing 
mitochondrial staining in testis. (a.) automated IHC staining showing mitochondrial staining in testis. (b.) Lightning link 
biotinylated SA-HRP staining showing an unspecific staining with unspecific nuclear background. (c.) Lightning link 
biotinylated (filtered from free biotins) SA-HRP staining showing an unspecific staining with unspecific nuclear background. 
(d.) ZBPA biotinylated SA-HRP staining showing weaker but specific mitochondrial staining in testis. 

a. 

b. 

c. 

d. 



 
 

 
 

 
 

 
 
Fig.9. ACTL7B (HPA021803) antibodies showing unspecific staining patterns in Lightning link SA-HRP, showing specific 
staining in testis. (a.) automated IHC staining showing specific staining in testis. (b.) Lightning link biotinylated SA-HRP 
staining showing an unspecific staining with background. (c.) Lightning link biotinylated (filtered from free biotins) SA-HRP 
staining showing an unspecific staining with background. (d.) ZBPA biotinylated SA-HRP staining showing weaker but 
specific staining in testis. 

a. 

b. 

c. 

d. 



 
 

 
 

 
 

 
 
Fig.10. KRT1 (HPA017917) antibodies showing unspecific staining patterns in Lightning link SA-HRP but showing a similar 
result to IHC after filtration, showing specific staining in skin. (a.) automated IHC staining showing specific staining in skin. 
(b.) Lightning link biotinylated SA-HRP staining showing an unspecific staining with cytoplasmic and nuclear background. 
(c.) Lightning link biotinylated (filtered from free biotins) SA-HRP staining showing similar staining to IHC and ZBPA SA-HRP. 
(d.) ZBPA biotinylated SA-HRP staining showing specific staining in skin. 

a. 

b. 

c. 

d. 



  

 
 

 
 

 
 
Fig.11. MAP2 (HPA012828) antibodies showing unspecific staining patterns in Lightning link SA-HRP, showing specific 
staining neuronal cells of cerebral cortex tissue.  (a.) automated IHC showing specific staining in cerebral cortex. (b.) 
Lightning link biotinylated SA-HRP staining showing totally different staining with nuclear background. (c.) ZBPA 
biotinylated SA-HRP showing weaker but specific staining in cerebral cortex.  
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b. 
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Fig.12. SIGLEC6 (HPA018198) antibodies showing unspecific staining patterns in Lightning link SA-HRP, showing specific 
staining of trophoblast cells in placenta. (a.) automated IHC staining showing specific staining of trophoblast cells in 
placenta. (b.) Lightning link biotinylated SA-HRP staining showing unspecific staining in placenta. (c.) ZBPA biotinylated SA-
HRP staining showing weaker but specific staining of trophoblast cells in placenta. 
 
 

a. 

b. 
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Fig.13. STMN1 (CAB10107) antibodies showing unspecific staining patterns in Lightning link SA-HRP, showing specific 
reaction centre staining of B-cells in tonsil. (a.) automated IHC staining showing specific reaction centre staining of B-cells 
in tonsil. (b.) Lightning link biotinylated SA-HRP staining showing unspecific reaction centre staining of B-cells in tonsil with 
nuclear and cytoplasmic background in testis.  (c.) ZBPA biotinylated SA-HRP staining showing specific reaction centre 
staining of B-cells in tonsil. 
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Fig.14. TOP2A (HPA006458)  antibodies showing unspecific staining patterns in Lightning link SA-HRP, showing specific 
nuclear staining in testis. (a.) automated IHC staining showing specific nuclear staining in testis. (b.) Lightning link 
biotinylated SA-HRP staining showing unspecific staining with nuclear and cytoplasmic background in testis. (c.) ZBPA 
biotinylated SA-HRP staining showing specific nuclear staining in testis.  
 

a. 

b. 
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Fig.15. Zinc figure protein* (CAB035966) antibodies showing unspecific staining patterns in ZBPA SA-HRP, showing 
specific nucleo positivity in tonsil. (a.) automated IHC staining showing nucleo positivity in tonsil. (b.) Lightning link 
biotinylated SA-HRP staining showing nucleo positivity in tonsil with nuclear and cytoplasmic staining. (c.) ZBPA 
biotinylated SA-HRP staining showing unspecific staining in tonsil. 
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c. 



  
 

 
 

 
 

 
 
Fig.16. Lightning Link Biotinylated unfiltered Human serum albumin (HSA) showing staining in immunoreactions. (a.) 
1:50 concentrated HSA showing SA-HRP staining. (b.) 1:100 concentrated HSA showing SA-HRP staining.  (c.) 1:1000 
concentrated HSA showing SA-HRP staining. (d.) Unbiotinylated HSA showing automated IHC staining. 
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Fig.17. Lightning Link Biotinylated filtered Human serum albumin (HSA) showing staining in immunoreactions. (a.) 1:50 
concentrated HSA showing SA-HRP staining. (b.) 1:100 concentrated HSA showing SA-HRP staining.  (c.) 1:1000 
concentrated HSA showing SA-HRP staining. (d.) Unbiotinylated HSA showing automated IHC staining. 
 

a. 

b. 

c. 

d. 


