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Introduction to Lateral Flow 

OVERVIEW 

Figure 1

Figure 2

 

Figure 1: A commercial pregnancy test 

which uses 40 nm gold nanoparticles as 

the detection label.  The faint red line 

indicates that the subject is pregnant.  

The darker red line indicates that the test 

was valid.   



 

 

 

 

 

Figure 2: Top Lateral flow assay with serial dilutions of hormone analyte showing the increase in sensitivity when 

using gold nanoshells (blue) as the probe over 40 nm spherical gold (red).   



LATERAL FLOW COMPONENTS 

 

 

 

 

Figure 1

Figure 3



 

ASSAY FORMATS 

 

SANDWICH FORMAT 

 

COMPETITIVE FORMAT 

 

Figure 3:  Schematic of a generic lateral flow test. The sample pad absorbs the sample and transports the sample to the 

conjugate pad.  The conjugate pad contains the dried down antibody-nanoparticle conjugate. The nitrocellulose 

membrane has test and control lines that show the assay results.  The wick pad continues to pull the sample through the 

strip at an even rate.  All components are assembled on a backing card.   



Figure 4

NANOPARTICLES  



 

PASSIVE ADSORPTION  

 

Figure 4: (A) i-calQ smartphone reader with strip holder attachment.  (B) Novarum hardware-free reader. 



COVALENT COUPLING

Figure 5

 

Figure 5: EDC-NHS reaction scheme – from Thermo-Fisher. 

https://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/carbodiimide-crosslinker-chemistry.html


Preliminary Considerations 



Lateral Flow Assay Design 

Figure 6, Step 1

Figure 6, Step 2

Figure 6, Step 3



Figure 6, Step 4

Figure 6, Step 5

Figure 6, Step 6



Figure 6: General procedure for the card-based assembly of a lateral flow device consisting of conjugate preparation 

(1), striping of capture lines (2), spraying conjugate pad (3), assembly of cards (4), strip cutting (5) and the packaging 

into cassettes (6).   



Step #1: Select Nanoparticle  

 

BIOREADY 40 NM CARBONATE GOLD  

 

 

 

 

 

 

 

 

 

 

 

BIOREADY 40 NM CARBOXYLIC GOLD  



 

 

 

 

 

 

BIOREADY 40 NM NHS GOLD  

 

 

 

 

 

 

  



BIOREADY 150NM CARBOXYLIC GOLD NANOSHELLS FOR INCREASED SENSITIVITY 

Figure 7

(Figure 8)

 

 

 

Figure 7: Metal nanoparticles with various sizes and shapes produced at nanoComposix.  



 

 

OTHER PROBES FOR LATERAL FLOW 

 

 

Figure 8: Optical extinction measurements for a 40 nm gold nanoparticle vs. a 150 nm diameter gold nanoshell.    
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Step #2 Antibody Screening 

 

ANTIBODY SELECTION



Table 1

Table 1: Antibody (Ab) evaluation matrix. 



 

ANTIBODY PURIFICATION 

POLYCLONAL MONOCLONAL 
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 Inexpensive to produce 

 High affinity  

 Will recognize multiple epitopes (generally 

provides more robust detection) 

 Polyclonal antibodies are often the preferred 

choice for detection of denatured proteins 

 Higher tolerance for differences in antigen (i.e. 

glycosylation of proteins)  

 Constant and renewable source, all batches will be 

identical 

 Less background relative to polyclonal antibodies 

 Homogeneity is very high, ensuring reproducible 

results 

 Specificity of monoclonal antibodies make them 

extremely efficient for binding of antigen within a 

mixture of related molecules 
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 Prone to batch to batch variability 

 They produce large amounts of non-specific 

antibodies which can result in a background 

signal in some applications 

 Multiple epitopes make it important to check for 

cross reactivity 

 

 Monoclonal antibodies may be too specific (e.g. less 

likely to detect across a range of species) 

 

Table 2: Comparison of advantages and disadvantages of using polyclonal and monoclonal antibodies.



 

CONTROL LINE ANTIBODY  

 

Step #3: Conjugate Preparation 



 



BIOREADY 40 NM CARBONATE GOLD: PASSIVE ADSORPTION  

BIOREADY 40 NM CARBOXYLIC GOLD: COVALENT CONJUGATION  

BIOREADY 40 NM NHS GOLD: SIMPLIFIED COVALENT CONJUGATION  

BIOREADY 150 NM CARBOXYLIC GOLD NANOSHELLS: COVALENT CONJUGATION  

BIOREADY 150 NM NHS GOLD NANOSHELLS: SIMPLIFIED COVALENT CONJUGATION  

 

Step #4: Membrane Selection 

Table 3



Step #5: Membrane Striping 

Figure 9

RELATIVE 

FLOW TIME 

RELATIVE 

PORE SIZE 

RELATIVE 

SENSITIVITY 
EXAMPLES 

Millipore: HF 75, 90 

Sartorius: CN 95 

MDI: NC 15 µm 

Whatman/GE: AE 98, 

AE99 

Millipore: HF 120, 135 

Satorius: CN 140, CN 

150 

MDI: NC 8 µm 

Whatman/GE: FF120 HP 

Millipore: HF 180 

MDI: NC 5 µm 

Whatman/GE: FF170HP 

Table 3:  Table showing relationship between membrane selection, flow time, pore size, and sensitivity. 



 

Figure 9:  Test and control deposition with Imagene Isoflow dispenser.   



Step #6: Sample Pad Selection

mailto:info@nanocomposix.com


(Figure 10).

Figure 10:  Lateral flow assay with sample pad that has 

a red blood cell filter.  Image from 

mdimembrane.com/  

http://www.mdimembrane.com/Products/Immunodiagnostics/Products/Plastic%20Cassettes.html


Step #7: Conjugate Pad Selection 





 

Step #8: Wick Selection 

Step #9: Drying Conjugate onto Conjugate Pad 





Step #10: Card Assembly 

(Figure 11

Figure 6 (4)

 

Step #11: Cutting Into Strips 

 

 

 

Figure 11: Assembled 30 cm master card with 150 nm Gold 

nanoshell conjugate. This card is subsequently cut into the final test 

strips orthogonal to its length 



Step #12: Assay Execution 

HALF STRIP ASSAYS (LIQUID CONJUGATE)  

Figure 12

 

FULL ASSAYS (DRIED CONJUGATE) 

 

Figure 12: Running liquid conjugate/half strip assays.  



 

Step #13: Analyzing the Strip 



Step #14: Assay Optimization 

Figure 13

 

CONJUGATE PREPARATION:  ANTIBODY INCUBATION TIME SCREENING 



CONJUGATE PREPARATION:  ANTIBODY TO GOLD RATIO 





CONJUGATE DILUENT COMPONENTS 

Antibody 
Pairing  

Dose Response 

Conjugate & 
Sample Pad 















 











 











 

Prototype Membrane 




 









 

Figure 13: Iterative optimizations that are performed to maximize performance of lateral flow assay. 

Conjugation 
Optimization 



Step #15: Cassette Optimization 

 

Basic Troubleshooting 

UNUSUAL RUNNING FRONT 

 

DECREASE/LOSS OF TEST AND CONTROL LINE WHEN SWITCHING FROM “CLEAN” (ANALYTE 

SPIKED IN BUFFER) SYSTEM TO CLINICAL SYSTEM 



 

FALSE POSITIVE 

Frequently Asked Questions 

WHY IS IT IMPORTANT TO PURIFY MY ANTIBODY FROM FREE AMINES SUCH AS SODIUM AZIDE 

OR TRIS BUFFERS WHEN PERFORMING A COVALENT CONJUGATION? 

http://scantibodies.com/hbr/


WHAT ARE THE ADVANTAGES OF PURCHASING CARBOXYLIC NANOPARTICLES OVER NHS 

NANOPARTICLES? 

WHAT ARE THE ADVANTAGES OF PURCHASING CARBOXYLIC ACID NANOPARTICLES OVER 

CARBONATE NANOPARTICLES (COVALENT CONJUGATION OVER PASSIVE ADSORPTION)?  

WHY IS THE BUFFER SELECTION IMPORTANT WHEN PERFORMING COVALENT 

CONJUGATIONS? 

HOW CAN GOLD NANOSHELLS INCREASE SENSITIVITY IN LATERAL FLOW AND OTHER 

APPLICATIONS? 

file://192.168.1.199/nanoComposix/Science/Bioready/_Current%20Projects/_BioReady%20Product%20Line/_SOP's/Ab%20Purification%20SOP.docx


WHAT IS THE OPTIMAL CONJUGATION TIME? 

WHAT OTHER FACTORS CAN INFLUENCE CONJUGATION RESULTS? 

ARE YOUR PARTICLES TOLERANT TO DETERGENTS SUCH AS DMSO OR TWEEN? 



WHY CHOOSE NANOCOMPOSIX?   

DO YOU PERFORM CUSTOM CONJUGATIONS OR ASSAY DEVELOPMENT [CONSULTING]?   

 

Conclusions: 
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