New ‘on-plate’ growth for improved ELISA-based antibody screening 
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Short Abstract: 
A new ‘on-plate’ technique for the screening of recombinant antibodies is described and a comparative analysis with common antibody extraction processes is made. Using this approach, antibody-expressing clones can be analysed rapidly in antigen-coated ELISA plate wells yielding high binding signals and also saving valuable selection time.
Long Abstract: 
Phage display technology is routinely used for selecting antibodies to antigens of interest for both therapeutic and diagnostic purposes. The biopanning process provides the researcher with the tools necessary to specifically tailor selection for the retrieval of the most suitable antibodies for the desired application. While the utilization of automated robotic systems allows one to pick, express and screen large numbers of putative antigen-specific antibodies in a short time in a typical phage display-based screening experiment, initial ELISA-based screening is still commonly used to rank selected clones due to its simplicity, high throughput and ease of automation. Colonies from clone output titre plates from the last rounds of a biopanning experiment are inoculated into tubes or microtitre plates for increased antibody expression. Common ELISA-based antibody screening methods involve an antibody extraction step by cell lysis. Antibody-containing cell lysate can be extracted by repeated freeze-thaw cycles at -70oC/37oC, periplasmic extraction with Tris-EDTA Sucrose buffer or sonication. Cell lysates are added to antigen-coated microtitre wells and binding is detected by an appropriately labelled secondary antibody. Within 36 hours of colony inoculation, binding data can be obtained allowing one to select analyte-specific clones for further analysis and characterization. We have developed a simple ELISA-based screening method that can reduce screening time, does not require cell removal, provides high binding signals and facilitates automation. This ‘on-plate’ method involves growing antibody-expressing clones on antigen-coated ELISA plates providing significantly increased antibody exposure time to antigen ensuring binding reactions reach equilibrium (Fig. 1). This also increases the potential of selecting low expression clones (based on the fact that the binding signal of the antibody is proportional to its functional stability, binding kinetics, diffusion rate to the surface, antibody concentration and assay time and temperature). We show that this method yields high binding signals for both scFv and Fab antibody formats post phage selection and that the method consistently yields higher binding signals than other methods of antibody extraction without a corresponding increase in background signal. 
Protocol Text: 
1 ‘on-plate’ antibody screening process
This experiment is designed to aid the screening of antibodies and antibody fragments after phage-based selection. Phage infected E. coli cells are cultured on agar plates and colonies harbouring antibody genes of interest selected for ‘on-plate’ ELISA analysis.
1.1) Rescue output phage from selected rounds of biopanning and infect the phage into E. coli cells by mixing phage particles with exponentially growing E. coli cells. Dilute the infected culture in sterile media and spread on Luria broth agar plates (10 g/L Tryptone, 5 g/L yeast extract, 10 g/L NaCl) supplemented with antibiotics of choice (see Note 1 below). Incubate the plates at 37oC for 18 to 24 hours.
 Note 1: The antibiotics needed depend on the phagemid and E. coli strain used in the experiment.
1.2) Pick a total of ninety-six single clones from selected output agar plates with sterile micropipette tips or inoculation loop. Inoculate into microtitre plate wells containing 200 µL of SB broth (10 g/L MOPS, 30 g/L Tryptone and 20 g/L yeast extract) supplemented with antibiotics (see Note 1 above). Grow shaking at 37oC for 6-8 hours at 200 rpm.
1.3) Coat a Nunc maxisorb plate (ELISA plate) with 100 µL /well of a 1-5 µg/mL antigen solution in phosphate buffered saline, pH 7.4 (PBS containing 0.15 M NaCl, 10 mM Na2HPO4, 18 mM KH2PO4, 2.5 mM KCl) for 1 hour at 37oC. Remove the antigen solution by inversion and block with 200 µL /well of 3% (w/v) BSA in PBS for 1 hour at 37oC.
1.4) Remove 20 µL of culture from step 1.1 and transfer to a sterile tube/microtitre plate well. This is a master stock and can be used to re-culture the clone at a later stage. Add 20 µL of 10 mM IPTG to the remaining 180 µL of culture (the final concentration of IPTG should be 1mM). Remove the blocking solution from the ELISA plate by inversion (as in step 1.3) and immediately transfer the induced culture to the ELISA plate using a multichannel micropipette and sterile tips.
Note 2: IPTG is used for expression of genes cloned under the control of a lac promoter system and should be used at a concentration of 0.5 to 1 mM.
1.5) Incubate the culture-induced ELISA plate overnight (12-18 hours) at 30oC with agitation at 220 rpm.
1.6) Remove the cells and culture media after overnight ‘on-plate’ expression by inversion and wash four times with 200µL /well PBST pH 7.4 (0.05% (v/v) Tween 20, 0.15 M NaCl, 10 mM Na2HPO4, 18 mM KH2PO4 and 2.5 mM KCl).
Note 3: At this step cells could be removed and stored as a back-up culture before washing if required. 

1.7) Add 100 µL/well of a 25 ng/mL enzyme-labelled secondary antibody diluted in PBST pH 7.4  containing 0.5% (w/v) BSA to each well and incubate stationary for 1 hour at 37oC.
Note 4: The specificity of the secondary antibody used will depend on the affinity tag incorporated into the plasmid or antibody gene. Horse radish peroxidase (HRP) and alkaline phosphatase (AP)-labeled antibodies are commonly used as secondary antibodies for detection of bound antibody.
1.8) Wash the wells five times with 200 µL/well PBST, pH 7.4, and add 100 µL/well of enzyme substrate (see Note 5 below) to each well for detection of bound antibody. Incubate for 30 minutes at 37 oC and stop the reaction with the addition of  50 µL/well of 1M HCl.  
Note 5: Tetramethylbenzidine (TMB) and p-nitrophenyl phosphate, disodium salt (PNPP) substrates are commonly used for HRP and AP-labeled antibodies, respectively. 

1.9) Read the absorbance of the solutions in the wells of the ELISA plate using a microtitre plate reader and record the results. Identify well positions with signals 3 or more times background (the stringency of selection ‘cutoff’ will depend on one’s individual requirements).  Inoculate 5 L of the master clone stock (step 1.4), corresponding to each positive well, into a fresh microtitre plate or tube and grow as required for further testing or cell banking. 

2 Optional: Protocol for the comparison with ‘off-plate’ analysis
The same antibody cultures used for ‘on-plate’ analysis, described above, can also be cultured ‘off-plate’ in tubes overnight for a direct comparison between the methods, if required.
2.1) Inoculate 5 µL of antibody-containing cultures (the number of clones will depend on the number of positive clones from 1.9 above) from the stock plate into a 20 mL tube containing 2 mL of SB broth supplemented with antibiotics. Grow overnight at 37oC with agitation at 200 rpm.  
2.2) Transfer 200 µL of  the overnight culture into a 250 mL flask containing 40 mL of SB broth supplemented with antibiotics and grow shaking at 200 rpm until an O.D.600 of 0.8 is reached. At this point add IPTG to a final concentration of 1 mM and grow at 30oC shaking overnight at 200 rpm.
2.3) Aliquot 10 mL of the overnight cultures into separate tubes prior to the extraction of antibody by either Tris-EDTA sucrose (TES) buffer  addition, sonication or freeze-thaw cycles.
2.4) For TES samples, centrifuge the 10 mL of overnight culture at 3,300 g for 10 minutes and resuspend the pellet in 2 mL of TES buffer (0.2 M Tris-HCl, pH 8.0, 0.5 mM EDTA, 0.5 M sucrose) for 30 minutes. Centrifuge the solution at 6,000 g for 5 minutes to remove the cell debris. Add 200 µL of the supernatant to the desired number of wells of the antigen-coated ELISA plate (as described in step 1.3 above).
2.5) For extraction by sonication, centrifuge the 10 mL overnight culture at 3,300 g for 10 minutes and resuspend the pellet in 2 mL PBST. Sonicate for 50 seconds (40 amps for three 10 second pulses with a 10 second interval between pulses) and centrifuge at 6,000 g for 5 minutes to remove cell debris. Finally, add 200 µL of supernatant to wells of the antigen-coated ELISA plate.

2.6) For the freeze-thaw samples, freeze 2 mL of culture at -70oC and thaw at 37oC. Repeat this process three times. Remove cell debris by centrifugation at 6,000 g and add 200 µL of supernatant to wells of the antigen-coated ELISA plate.
2.7) Incubate all samples at 37oC for 1 hour and detect, as described in steps 1.6 -1.9 above, for the ‘on-plate’ analysis.  
Results:
The ‘on-plate’ screening method described here was applied to scFv and Fab clones selected by phage display against cardiac troponin T (cTnT). Forty-eight anti-cTnT scFv clones from selected rounds of biopanning were analysed using the on-plate method described here. A broad range of binding signals with the expected increase in number of positive binders due to the increased biopanning stringency was observed as indicated in Fig. 2. Despite turbid cell growth in each well during the overnight ‘on-plate’ cell expression process, no binding signals were observed in a number of wells indicating that the ‘on-plate’ culture of cells does not introduce any non-specific binding phenomena. The natural leakage of periplasmically expressed proteins in to the culture media from aging and dying cells negates the need for cloning specific antibody secretion signal sequences and, therefore, the ‘on-plate’ method is amenable to any plasmid/cell combination. The long incubation time with antigen yielded large binding signals (signal >2.0 absorbance units) for highly expressed antibodies but more importantly allowed the detection of low expression clones (signal <0.4 absorbance units) that were not detected using a freeze-thaw extraction (results not shown). 

Comparison of the ‘on-plate’ screening method described here with commonly used ELISA-based screening approaches requiring an antibody extraction step, showed that the ‘on-plate’ method yielded the highest responses. This indicated that the increased antibody/antigen incubation time of the ‘on-plate’ method allowed the interaction to reach equilibrium which was not the case for the 1 hour incubation with the same clones (Fig. 3). For the smaller and more easily expressed scFv clones, high binding signals were observed irrespective of the method used. Lower signals were observed with the Fab clones. The TES and freeze-thaw methods generated the lowest signals for both Fab antibody fragments and the ‘off-plate’ method for one of the Fab antibody fragments.
Discussion: 
The direct inoculation of colonies into the ELISA plate has eliminated the need for cell removal while also permitting longer interaction of antibody and antigen. Although a large number of clones would need to be tested to prove that one screening method out performs another, the data presented from two scFv and two Fab antibodies in Figure 3 suggests that the ‘on-plate’ method gives higher binding signals than ELISA after cell lysis and its reduced complexity means that analysis can be performed in shorter times with less manipulative steps. The ‘on-plate’ method also eliminates the overnight culture preparation step prior to the induction of expression and ‘on-plate’ growth. This is simplified by plating the overnight expressed culture, after removal, on agar plates as backup stocks. During the ‘on-plate’ process, consistently higher binding signals indicate that the purified cardiac troponin T does not show any signs of degradation. As well as cardiac tropnin T, this approach has also been applied to screen antibody fragments against a number of analytes including hapten-protein conjugates, peptides and markers for cancer, without any loss of antibody binding activities. Although a simple concept, the ‘on-plate’ screening method described in this paper offers an attractive alternative to traditional ELISA-based screening which reduces the overall complexity of sample analysis and can be easily integrated into an automated robotic handling process possibly facilitating greater sample throughput with reduced analysis time and cost. 
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Table of specific reagents and equipment:
	Name of the reagent and equipment
	Company
	Catalogue number

	E. coli cell strain
	Agilent
	200228

	Tryptone
	Cruinn
	MC005-A

	Yeast
	Cruinn
	MC001-A

	Sodium chloride (NaCl)
	Sigma-Aldrich
	S7653

	3- (N-morpholino) propanesulfonic acid (Mops)
	Sigma-Aldrich
	M1254

	Bovine serum albumin (BSA)
	Sigma-Aldrich
	A7906

	Cardiac troponin T
	Life diagnostics
	1110

	Sodium phosphate dibasic (Na2HPO4)
	Sigma-Aldrich
	S9763

	Potassium phosphate monobasic (KH2PO4)
	Sigma-Aldrich
	P8416

	Potassium chloride (KCl)
	Sigma-Aldrich
	P9333

	Isopropyl-β-D-thiogalactopyranoside (IPTG)
	Fisher
	BP1755-10

	Tween 20
	Sigma-Aldrich
	P1379

	Horse radish peroxidase (HRP) labeled anti-HA monoclonal antibody
	Roche
	12013819001

	Tetramethylbenzidine (TMB)
	Insight Biotechnology
	52-00-03

	Tris-HCl
	Sigma-Aldrich
	T6066

	Ethylenediaminetetraacetic acid (EDTA)
	Sigma-Aldrich
	T6758

	Sucrose
	Sigma-Aldrich
	S0389

	Tecan Safire ™  2 microplate reader
	Tecan Group
	------

	Vibra  Cell™ sonicator
	Sonics and Materials
	------

	Centrifuge
	Eppendorf
	5810R

	Sanyo orbital incubator
	Lennox
	------

	Nunc maxisorb 96-well plate
	Fisher
	DIS-971-030J
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Tables and Figures:  
Figure 1: Schematic of the ‘on-plate’ screening method with diagrammatic insert showing secreted scFv antibodies binding to immobilised analyte during overnight cell culture. Colonies from the output panning plates are inoculated into 96 well culture plates containing sterile media and grown for 3-4 hours at 37oC. Meanwhile, a microtitre plate is coated with the analyte of interest and blocked with an appropriate blocking solution. After addition of the induction agent the cultures are transferred to the analyte-coated plate and grown overnight with shaking. The following day the cells are simply removed by centrifuging (kept if required) and bound antibody fragments detected with an enzyme-labelled tag-specific secondary antibody.
Figure 2: Representative monoclonal ELISA plate result after 4 and 5 rounds of biopanning of an anti-cTnT scFv library using the ‘on-plate’ method. Even though cell growth (as characterised by turbid culture media) was observed in each well of the ELISA plate, the antibody binding signals ranged from less than 0.1 to greater than 3.0 absorbance units indicating that the growth of cells in the ELISA plates caused no increase in non-specific binding. 
Figure 3: Comparison of ‘on-plate’ expression with commonly used antibody extraction methods performed prior to monoclonal ELISA. Two scFv (left panel) and two Fab (right panel) fragments specific to cTnT were prepared using different methodologies and analysed by ELISA (values are the average of 4 replicates for each antibody).  The ‘on-plate’ data are derived from growing cultures in antigen-coated microtitre plate wells. The ‘off-plate’ data are derived from growing the cells in tubes overnight and adding the cultures to the ELISA plate wells for 1 hour without any cell removal. The TES data are derived from the supernatant of cell lysis in Tris-EDTA sucrose (TES) buffer for 30 minutes prior to addition to the ELISA plate wells for 1 hour. The sonication data are derived from the supernatant of sonicated cell pellets incubated for 1 hour on the ELISA plate and the freeze-thaw data are derived from incubating media supernatants on the ELISA plate for 1 hour after three freeze-thaw cycles. The ‘on-plate’ negative control data are derived from growing cultures in blocked microtitre plate wells lacking antigen so that the difference in signal from the ‘on-plate’ data is due to specific antigen binding.

PAGE  
9

