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NHS-SS-Biotin Kit Protocol 

1. Introduction

NHS-SS-Biotin Kit Protocol (Cat. No. K1004) contains all reagents that can perform 10 biotinylated labeling 

reactions. NHS-SS-Biotin is a water-insoluble biotin reagent, which needs to be dissolved in organic solvents such 

as DMSO or DMF. Unlike Sulfo-NHS-SS-Biotin, NHS-SS-Biotin can penetrate cell membranes and can be used to 

label cells with primary amine (NH2-) proteins. The biotin provided in the kit is sufficient and has been activated 

for immediate use. Each kit contains 10 desalting spin columns, which can desalinate labeled proteins without 

dialysis. The speed is faster than dialysis and traditional gel filtration. The protein recovery and desalting efficiency 

are better than ultrafiltration. And the whole process is simple and fast. Subsequently, the HABA solution and 

streptavidin contained in the kit can be used to test the biotin labeling efficiency. 

Figure 1. Reaction of NHS-SS-Biotin with primary amine. 

2. Components

NHS-SS-Biotin 25 mg 

Streptavidin 10 mg 

HABA Solution 1 mL 

PBS Pack (makes ) 1 pack 

Sephadex G-25 in PD-10 Desalting Columns 8.3 mL, 10 columns 

Sufficient for: 10 labeling reactions, each with 1 to 10 mg of antibody 

3. Storage

Upon receipt store vials of NHS-SS-Biotin and Streptavidin at -20°C. Store remaining kit components kit at 4°C. Kit is 

shipped at room temperature. Store Sephadex G-25 in PD-10 Desalting Columns at 4°C to 30°C. 

4. Important Product Information
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NHS-SS-Biotin Kit Protocol

1. Introduction

NHS-SS-Biotin Kit Protootooototootococococococococococooc lllllllllllllll (C(C(C(C(C(CCCC(CCC(CCCCCCatatatatatatatatatatataaaaataaaat...... NoNNNNNNNNNN . K1004) contains all reagents that can perform 10 bibbbibibibibiotototototototototototo inininnninininnnninnininininnylylyllylylyylylylyy atatatatatatatatatatatataaaaaaaatatedededeedededededededede  labeling 

reactions. NHSSSSS-SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS -BiBiBiBiBiBiBiBiBiBiBBiBiototototototototototottotininininininininininnnnn isisisisisisisiiisiisi a water-insoluble biotin reagent, which needs to be didididididididididididididid sssssssssssssssssssssss ololololololololooolo vevevevevevevevevevevedddddddddddddd inininininininininii  organic solvents such 

as DMSO or DDDDDDDDMFMFMFMFMFMFMFMFMFMFMFMFMFMFMFMFF.......... UUUUUnUUUU like Sulfo-NHS-SS-Biotin, NHS-SS-Biotin can penetrate celllllllllll mememememememememememememememmmeemmmmmmmbmmmmmmmm ranes and can be used to 

label cells with primary amine (NH2-) proteins. The biotin provided in the kit is sufficient and has been activated 

for immediate use. Each kit contains 10 desalting spin columns, which can desalinate labeled proteins without

dialysis. The speed is faster than dialysis and traditional gel filtration. The protein recovery and desalting efficiency 

are better than ultrafiltration. And the whole process is simple and fast. Subsequently, the HABA solution and 

streptavidin contained in the kit can be used to test the biotin labeling efficiency.

Figure 1. Reaction of NHS-SS-Biotin with primary amine.

2. Components

NHS-SS-BiBBiBiBBiBiBBBB otoooooooooo in 25 mg

Strererererererererereererereereptptptptptptptptptpttptavavavavavaavavavavavava ididididididididididididdininininininininiii 10 mmmmmggggggggggg

HAHAHAHAHAAHAHAHAHAHAHAABABABABABABABABABABABABAAB  Solution 111111111 mLmLmLmLmLmLmLmLmLmLmL

PPPBPPPBPBPBPBPBPPPBPBPPBPBPPPPPPPBBBPBSSSSSSSSSSSSS Pack (makes ) 1111 1111111111111 pack

Sephadex G-25 in PD-10 Desalting Columns 8.3 mL, 10 columns

Sufficient for: 10 labeling reactions, each with 1 to 10 mg of antibody

3. Storage

Upon receipt store vials of NHHHHHHHHSSSSSSSSSS--SSSSSSSSSSS -Biotin and Streptavidin at -20°C. Store remaining kit compmpmpmpmpmppmpmppppppppmppononoononononononononenenenenenenenenenenenenne tstststststststststststss kkkkkkkkit at 4°C. Kit is

shipped at room temppppppppppppereeeeeeeeeeerratatatatatattttaatattaaa urururururuururururrre.e.e.e.e.e.e.e.e.eee SSSSSSSSSSSSSSttotttttttt re Sephadex G-25 in PD-10 Desalting Columns at ttt tt 4°°4°4°4°4°4°4°4°°4°44 C C CC C CCCCC tototototototoototooto 303030303030303030303030300°C°°C°C°C°C°C°C°C°C.

4. Importanananananananananannananananna ttttttttttttttttt PPPPPPPPPrPPPPPPP oduct Information
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NHS-SS-Biotin is moisture-sensitive. Store the vial of biotin reagent and desiccant at -20°C. To avoid moisture
condensation onto the product, fully equilibrate the reagent bottles to room temperature before opening.
Prepare Biotin reagents according to the instructions before use. The NHS-ester moiety readily hydrolyzes
and becomes inactive, so only a small amount of reagent can be weighed and dissolved at a time, and a
storage solution cannot be prepared. Discard any unused reconstituted reagent.
Avoid using primary amine-containing buffers (such as Tris or Glycine), as such buffers compete with the
reaction. If necessary, protein samples can be exchanged for amine-free buffers by dialysis or concentration
in PBS.
Avoid reducing buffers during the labeling reaction to prevent the Sulfo-NHS-SS-Biotin disulfide bond from
breaking.

5. Procedure for Biotin Proteins

5.1. Calculations 

A) Calculate millimoles of NHS-SS-Biotin to add to the reaction for a 20-fold molar excess:

mL protein × × × = mmol Biotin

* 20 = Recommended molar fold excess of biotin per 1-10 mg/mL protein sample

B) Calculate microliters of 10mM NHS-SS-Biotin (prepared in Step 5.2.c) to add to the reaction:

mmol Biotin × × = μL Biotin Solution *

* 504.64 = Molecular weight of NHS-SS-Biotin 

* 436 = Microliters of DMSO or DMF in which 2.2 mg of NHS-SS-Biotin is dissolved to make a 10 mM solution

C) For example

For 1 mL of a 2 mg/mL IgG (150000 MW) solution, 26.6 μL of 10 mM NHS-SS-Biotin will be added. 

1 mL IgG × × × = 0.000266 mmol Biotin

0.000266 mmol Biotin × × = 26.6 μL Biotin Solution

5.2. Biotin Labeling Reaction 

A) Remove NHS-SS-Biotin from the freezer and allow it to equilibrate to room temperature.

B) Dissolve 1-10 mg of protein in 1.75-2.5 mL of phosphate buffered saline (PBS) and calculate the millimolar

amount of protein according to step 5.1.
*Note Proteins that have been dissolved in amine-free buffers at pH 7.2-8.0 can be used without changing buffers. Proteins 

in Tris or other amine-containing buffers must be exchanged with PBS (either by dialysis or by using the desalting 
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NHS-SS-Biotin is moisture-sensitive. Store the vial of biotin reagent and desiccant at -20°C. To avoid moisture
condensation onto the product, fully equilibrate the reagent bottles to room temperature before opening.
Prepare Biotin reagents according to the instructions before use. The NHS-ester moiety readily hydrolyzes
and becomes inactive, sososoooooooooo ooooooooooonlnlnlnlnlnlnlnlnllnln y y y y y y yy y a aaaaaaaaaaa small amount of reagent can be weighed and dissolved aaaaat ttt tt tt ttttt aaaaaaaaaa tititititititititiiit mmmememmmmmmmem , and a
storage solution cannnnnnnnnnnnnonoonooonoonnnnnnn ttttttttttttttttt bebebebebebebebebebebebee pppppppppppppprrerrrrrr pared. Discard any unused reconstituted reagent.
Avoid using prprprprrprrrprrrrimimimimimimmmimimmarararararararararararry yy y y yy y yyy amamamamamamamamamamammmmiininininiininiii e-containing buffers (such as Tris or Glycine), as suchhhhhhhh bbbbbbbbbbbufufufufufufufuffufufuffefefefefefefefefeeef rsrsrsrsrsrsrsrsrsrssrr ccccccccccccomooooooooo pete with the
reaction.  . IfIfIfIfIfIfIffIfIfIfIfIfIffIff nnnnnnnnnnnnnnneccccccecceeceeeeeeeeeececesesesesesesesesesesessssasasasasassasasss ry,yy protein samples can be exchanged for amine-free bbbbbbbbbbbbbufufufufufufufufufufufufufufuffufffefefefefefefefefefefefefefefeeffersrsrsrsrsrsrsrsrsrssrsrrrrrrrrrrrr bbbbbbbbbbbbyyyyy yyyyyyyy dddiddddddddd alysis or concentration
in PBS.
Avoid reducing buffers during the labeling reaction to prevent the Sulfo-NHS-SS-Biotin disulfide bond from
breaking.

5. Procedure for Biotin Proteins

5.1. Calculations

A) Calculate millimolessssssssss oooooooooooff ff ff ffff NNNNNHNNNNNNN S-SS-Biotin to add to the reaction for a 20-fold molar excess:

mLmLmLmLmLmLmLmLmLmLmLmLmL ppppppppppppprrorrrrrr tein × × × = mmmmmmmmmmmmmmmmmmmmmmolololololololllolol BBBBBBBBBBBBBioioioioioioioioioioiooiotit n

* 2000000000 ============= RRRRRRRRRRRRRRReeeeeeeceeeeeee ommended molar fold excess of biotin per 1-10 mg/mL protein sample

B) Calculate microliters of 10mM NHS-SS-Biotin (prepared in Step 5.2.c) to add to the reaction:

mmol Biotin × × = μL Biotin Solution *

* 504.64 = Molecular weight of NHS-SS-Biotin

* 436 = Microliters of DMSOSOSOSOSOSOSOSOSO or DMF in which 2.2 mg of NHS-SS-Biotin is dissolved to make a 10 mMMMMMMMMMMMM ssssssssssololololololololoolutuututututututututtioioioioioiooioiooonnnnnnnnnn

C) For example

For 1 mL of ff f f f f fffff aaaaaaaaaaa 222222222222 mgmgmgmgmgmgmgmgmgmgmgmgg/m/m/m/m/m/m//m/m/m/m/m/ L IgG (150000 MW) solution, 26.6 μL of 10 mM NHSSSSSSSSSSSS-----------SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS--------BiBiBiBiBiBiBiBBiBiBBBBBBBBBBBBBBBiototototototototototottottininininininiinininnn will be added.

1111111111 mL IgG × × × = 0.000266 mmol Biotin

0.000266 mmol Biotin × × = 26.6 μL nBiotin Solution

5.2. Biotin Labeling Reaction

A) Remove NHS-SSSSSSSSSSSS -BiBiBiBiBiBiBiBiiBiBBBBBB ototottotototototototootinininininininininininnn frfrfrfrfrfrfrfrfrfrfrfrf om the freezer and allow it to equilibrate to roommmmmmmm teteteteteteetetetempmpmpmpmpmpmpmmpmpmpmperererererererererererere atatatatatatatatatatatatataturuuu e.

B) Dissolveeeeeeeeeee 1111111111------1010101010101101011001 mmmmmmmmmmmmmmggggg ggggggggg of protein in 1.75-2.5 mL of phosphate buffered salinnnnnnnnnnnnnnnneeeeeeeeeeeeeeeeee (P(P(P(P(P(P(P(P(P(P(P(P(P(P(P(P(P(PPBBSBSBSBSBSBBBSBSBSBSBBSBBSSBSSBBBB ))))) )))))))) and calculate the millimolar

ammmmmmmmmmouououououououououououououououuouuntntntntntntntntntntntntntntntnnntn ooooooooooooofffff ffffffff protein according to step 5.1.
*Note Proteins that have been dissolved in amine-free buffers at pH 7.2-8.0 can be used without changing buffers. Proteins 

in Tris or other amine-containing buffers must be exchanged with PBS (either by dialysis or by using the desalting 
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column included in the kit). 

C) 2.2 mg NHS-SS-Biotin equilibrated to room temperature was dissolved in 436 μL of DMSO or DMF to

prepare a 10 mM solution.

D) Add an appropriate amount of NHS-SS-Biotin solution to the protein solution (refer to the calculation in

step 5.1).

E) Incubate reaction on ice for two hours or at room temperature for 30-60 minutes.
*Note Although excess non-reacted and hydrolyzed biotin reagent remains in the solution, it is often possible to perform

preliminary tests of the labeled protein by ELISA or Western blot. After confirming the function, perform buffer 

exchange using the desalting column through step 5.3 to obtain the best performance and stability. If a HABA assay 

is to be performed to determine the effect of biotin labeling, the protein must first be purified by buffer exchange. 

5.3. Buffer Exchange and Remove Excess Biotin Reagent Using a Desalting Column

A) PD-10 Desalting column preparation. •Remove the top cap and pour off the column storage solution.

•Remove the top filter using forceps. •Cut the sealed end of the column at notch. •Put the PD-10

Desalting column into a 50 mL collection tube by using the column adapter. 

Column equilibration. •Fill up the column with equilibration buffer  and allow the equilibration 

buffer to enter the packed bed completely. •Repeat 3 times and discard the flow-through. •Fill up the 

column a fifth time with equilibration buffer and spin down at 1000 × g for 2 minutes. •Discard the 

flow-through. Note: About 25 mL equilibration buffer should be used in total for all three steps.

Sample application. •Add sample (1.75-2.5 mL) slowly in the middle of the packed bed.

Elution. •Place the PD-10 Desalting column into a new 50 mL collection tube. •Elute by centrifugation

1000 × g for 2 minutes. •Collect the eluate.

6. HABA Assay for Measuring the Level of Biotin Incorporation

6.1. Reagent Preparation 

A) Phosphate-buffered Saline (PBS): 100 mM sodium phosphate, 150 mM sodium chloride; pH 7.2.

B) HABA/Streptavidin Solution: Add 10 mg of Streptavidin and 600 μL of 10 mM HABA to 19.4 mL of PBS. If

prepared correctly, the A500 of this solution will be 0.9-1.3 in a 1 cm cuvette. The solution stable for two

weeks at 4°C. If a precipitate forms in the HABA solution, it can be filtered and then used.

6.2. Procedure for Estimating Biotin Incorporation

A) Procedure Option 1 – Cuvette Format
a. Pipette 900 μL of HABA/Streptavidin solution into a 1 mL cuvette.

b. Measure the absorbance of the solution in the cuvette at 500 nm and record the value as

"A500 HABA/Streptavidin".
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column included in the kit).

C) 2.2 mg NHS-SS-Biotin equilibrated to room temperature was dissolved in 436 μL of DMSO or DMF to

prepare a 10 mM soluluulululuuluuululuutitititititititiititiionononononononononoonn.......

D) Add an approprprprprprprprprprpp iaiaiaiaiaiaiaiaiaaiaatetetetetetetetetttttttttt aaaaaaaaaaaaaaaaaaaamommomomomomomomomommomomount of NHS-SS-Biotin solution to the protein solution ((((((((((rerererererererereerer fefefefefefefefefeefeeeeeeeeer r rrrrrr tototoootoooootooototooototoo ttttttttttthehehhhhehehhehehheh  calculation in

step 5.1.1.1.1.11.1.1.1.111).).).)).).).)).)))))))

E) Incubababaabaabaabababababababatetetetetetetetetetetetetetetetee  rrrrrrrerrrrr action on ice for two hours or at room temperature for 30------606060606060606060606060606060600606 mmmmmmmmmmmmmmmmminutes.
*Note Although excess non-reacted and hydrolyzed biotin reagent remains in the solution, it is often possible to perform

preliminary tests of the labeled protein by ELISA or Western blot. After confirming the function, perform buffer

exchange using the desalting column through step 5.3 to obtain the best performance and stability. If a HABA assay 

is to be performed to determine the effect of biotin labeling, the protein must first be purified by buffer exchange.

5.3. Buffer Exchange and Remove Excess Biotin Reagent Using a Desalting Column

A) PD-10 Desalting colooooooooooo umumumumumumummumumn nnnnnnnnn preparation. •Remove the top cap and pour off the column stororororoororororororagagagagagagagagagggaa eeeeeeeeeee solution.

•Remove thhhhhhhhhheeeeeeeeeeee totototototootototototopppppppppppppppppp fififififififififififf ltltltltltltltltltltltltltltereeeeeeeeeeee  using forceps. •Cut the sealed end of the column at notch.h.h.h.h.h.h.h.h.h.h. •P•P•PP•P•P•P•P•P•P•PPutututututututututututuuuuuuu ttttttttttthehehehehehehehehehehehehe PD-10

Desalttttttttttttininiininninininingg gg g gg g gggg cocococcocococococooolullulululululuululululuumnmmmmmmmmmmmm  into a 50 mL collection tube by using the column adapter..

Cooooooooooooooolululululululululululululuululummnmnmnmnmnmnmnmnmnmnmmnmnmnmm equilibration. •Fill up the column with equilibration buffer aaaaaaaaaaaaaaaannnnndnddddnddndnnnndddnndnnnn  allow the equilibration

buffer to enter the packed bed completely. •Repeat 3 times and discard the flow-through. •Fill up the 

column a fifth time with equilibration buffer and spin down at 1000 × g for 2 minutes. •Discard the 

flow-through. Note: About 25 mL equilibration buffer should be used in total for all three steps.

Sample application. •Add sample (1.75-2.5 mL) slowly in the middle of the packed .bed

Elution. •Place the PD-10 Desalting column into a new 50 mL collection tube. •Elute by centrifugation

1000 × g for 2 minuteteteteteteteteetet s.ssssssssss  •Collect .the eluate.

6. HABA Assay for r rr r rr r r MeMeMeMeMeeMMMeeMMMMMMMMeeeM aaaasasasasasasasasasaasasaaasururururururururururuurururiiiniiininii g the Level of Biotin Incorporation

6.1. Reagennnnnnnnt tttt t t t tt ttttttt PrPrPrPrPrPrPrPrPrPrPrPrPrPrrPrPP eppppppeppeepepepeeeeeeeeepeee arararararararararararraraatatatatatatatatatata ioi n

A) Phosphate-buffered Saline (PBS): 100 mM sodium phosphate, 150 mM sodium chloride; pH 7.2.

B) HABA/Streptavidin Solution: Add 10 mg of Streptavidin and 600 μL of 10 mM HABA to 19.4 mL of PBS. If

prepared correctly, the A500 of this solution will be 0.9-1.3 in a 1 cm cuvette. The solution stable for two

weeks at 4°C. If a precipitate forms in the HABA solution, it can be filtered and then useseeeeeseeedddddddddd.

6.2. Procedure for Estimaaaaaaaaaaatititititititititit ngngngngngngngngnngnngng BBBBBBBBBBBBioioioioioioioioioiooi tititittittittttitt n Incorporation

A) Procedurururrurururuurrururu e ee e ee ee ee OpOpOpOpOpOpOpOpOpOpOpOpO tititititittititititit ononononoononononoonoono  1 – Cuvette Format
a. PiPiPiPiPiPiPiPiPiiPiPiPiPiPiPiPiiipepepepepepepepepeeepepepepeepeeeppeepep tttttttttttttttttttttte e e eee ee ee eeee 9099999999999 0 μL of HABA/Streptavidin solution into a 1 mL cuvette.

b. MeMMMMMMMMMM asure the absorbance of the solution in the cuvette at 500 nm and record the value as

"A500 HABA/Streptavidin".
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c. Pipette 100 μL of the biotin-labeled protein sample into a cuvette containing HABA/streptavidin and
mix thoroughly.

d. Measure the absorbance of the solution in the cuvette at 500 nm. Once the value remains constant
for more than 15 seconds, record the value as "A500 HABA/Streptavidin/Biotin". If
A500 HABA/Streptavidin/Biotin < 0.3, dilute the biotinylated protein sample and repeat the assay, but
remember to account for the dilution in during calculations.

e. Proceed to Step 6.3: Calculation of moles of Biotin per mole of protein.

B) Procedure Option 2 – Microplate Format

a. Pipette 180 μL of HABA/Streptavidin solution into a microplate well.
b. Measure the absorbance of the solution in the well at 500 nm and record the value as

"A500 HABA/Streptavidin".
c. Add 20 μL of the biotin-labeled protein sample to the well containing HABA/streptavidin and mix

thoroughly.
d. Measure the absorbance of the solution in the well at 500 nm. Once the value remains constant for

more than 15 seconds, record the value as "A500 HABA/Streptavidin/Biotin".

e. Proceed to Step 6.3: Calculation of moles of Biotin per mole of protein.

6.3. Calculations for Moles of Biotin per Mole of Protein 

A) These calculations are based on the Beer Lambert Law (Beer’s Law): Aλ = ελbC

Where:

A is the absorbance of the sample at a particular wavelength (λ). The wavelength for the HABA assay is

500nm. There are no units for absorbance.

ε is the absorptivity or extinction coefficient at the wavelength (λ). For HABA/Streptavidin samples at

500nm, pH 7.0 extinction coefficient is equal to 34000 M-1cm-1.

b is the cell path length expressed in centimeters (cm). A 10mm square cuvette has a path length of

1.0 cm. Using the recommended microplate format volumes, the path length is typically 0.5 cm.

C is the concentration of the sample expressed in molarity (= mol/L = mmol/mL).

B) The values needed for calculating the number of moles of biotin per mole of protein or sample are as

follows:

a. Concentration of the protein or sample used, expressed as mg/mL

b. Molecular weight (MW) of the protein, expressed as grams per mole (e.g., HRP = 40000; IgG

=150000)

c. Absorbance at 500 nm for HABA/Streptavidin Solution (A500 H\S)

d. Absorbance at 500 nm for HABA/Streptavidin/Biotin reaction mixture (A500 H\S\B)

e. Dilution factor, if the sample is diluted before adding it to the HABA/ Streptavidin Solution

C) Calculations for Moles of Biotin per Mole of Protein
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c. Pipette 100 μL of the biotin-labeled protein sample into a cuvette containing HABA/streptavidin and
mix thoroughly.

d. Measure the absorbance of the solution in the cuvette at 500 nm. Once the value remains constant
for more than 15555 ssssssssssecececececececeececccononononononononononondsddddddddd , record the value as "A500 HABA/Streptavidin/Biotin". Iffffffff
A500 HABA/S/SS/S/SS/S/S/S/S/SS/ trtttttttttrrrrrt eppppppepepppepepepepepppppptatatatatatatatatatatavivivivivivivivivivivivvvidididididididdididddidd n/Biotin < 0.3, dilute the biotinylated protein sample aaaaaaaaandndnndnddnndnnnndnnddn rrrrrrrrrrrepepepepepepepepepepepeaeaeaeaeaeaeaeeaeaeaeaeaat tttttttttt the assay, butyy
remembmbmbmbmbmbmbmbmbmbmbm erererererererereerre ttttttttto o oo o o ooo oo acacacacacacacacacacaacaa coccc unt for the dilution in during calculations.

e. PrPrPrPrPrPrPrPrPrPrPrPrPrrPrPrrocococococcocococococococooccococceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee d d d ddd d d ddd dd tottotototototottt  Step 6.3: Calculation of moles of Biotin per mole of prororororororororoorororooooorooteteteteteteteteteteteteteeteteteteeinininininininininininininininni .......

B) Procedure Option 2 – Microplate Format

a. Pipette 180 μL of HABA/Streptavidin solution into a microplate well.
b. Measure the absorbance of the solution in the well at 500 nm and record the value as

"A500 HABA/Streptavidin".
c. Add 20 μL of the biotin-labeled protein sample to the well containing HABA/streptavidin and mix

thoroughly.
d. Measure the absooooooooorbrbrrbrrrbbance of the solution in the well at 500 nm. Once the value remainsssssssss coccccccccc nstant for

more than 155515555555 sssssssssssecececececececececececconononononononnonononooo dsdsdsdsdsdsdsdsdsdsdsdsdsds, record the value as "A500 HABA/Streptavidin/Biotin".

e. Proceeeeeeeeeeeeeeee d dd dd dddd dd totototototototootooto StStStStStSttStStStStStStStStStSttStSSSS eepepepepepepepepepepepepep 6.3: Calculation of moles of Biotin per mole of protein.

6.3. Calculatatatatatttatatatatatttatttioioioioioioioioioioioioioioioooonsnsnsnsnsnsnsnsnsnsnsnsnsnssnnnn ffffffffffffoooroooooooooo  Moles of Biotin per Mole of Protein

A) These calculations are based on the Beer Lambert Law (Beer’s Law): Aλ = ελbC

Where:

A is the absorbance of the sample at a particular wavelength (λ). The wavelength for the HABA assay is

500nm. There are no units for absorbance.

ε is the absorptivity or extinction coefficient at the wavelength (λ). For HABA/Streptavidin samples at

500nm, pH 7.0 extinnnnnnnnnnnctctctctctctctctcttctc ioioioioioioioioiooionnnnnnnnnn coefficient is equal to 34000 M-1cm-1.

b is the cell papapapapapapapapapap ththtthtthtthtthhhht lllllllenenenenenenenenenenengtgtgtgtgtgtgtgtgtgtgtgtgtgthhhhhhhhhhhhhh expressed in centimeters (cm). A 10mm square cuvetetetettetttetettetetetetetetetetetetet hhhhhhhhhhhhhasasasasasasasassssassasssas aaaaaaaaaaaa pppppppppath length of

1.0 cm. UsUsUsUsUsUsUsUUsUUsU inininininininininninggggggggggg ththththththththththththththeee eeeeee recommended microplate format volumes, the pathhhhhhhhh leleleleleeleleleeleleleleleeeeengngngngngngngggggngngggngngngnggngngngggththththththththththhh iiiiiiiiiiis ssssssssss typically 0.5 cm.

C isssssssssssssss tttttttttttttttheheheheheheheheheheheheheehehehee cccccccccccccccconoooooooooo centration of the sample expressed in molarity (= mol/L = mmmmmmmmmmmmm ol/mL).

B) The values needed for calculating the number of moles of biotin per mole of protein or sample are as

follows:

a. Concentration of the protein or sample used, expressed as Lmg/mL

b. Molecular weight (MW) of the protein, expressed as grams per mole (e.g., HRP = 404040404040404040404 00000000000000000000000; IgG

=150000)

c. Absorbbbbbbbbbbbananananananananananancececececececececccecc aaaaaaaaaaaaaaaaaaatt tt t t ttttt 505050505050505050505555 0 nm for HABA/Streptavidin Solution (A500 H\S)

d. AbbbbbbbbbAbbbbAAAAAA sososososososososoososs rbrbrbrbrbrbrbrbrbrbrrbr ananananananananannannanccceccccc  at 500 nm for HABA/Streptavidin/Biotin reaction mixixixixixixixixixixxixixixixixxxtututututututututututututututuuututurererererererrerererererererere (((((((((((A5AAAAAAAA 00 H\S\B)

e. DiDiDiDDiDiDiDiDiDiDiDiDiDiDiDDilullllullll tion factor, if the sample is diluted before adding it to the HABA/ Streptavidin Solution

C) Calculations for Moles of Biotin per Mole of Protein
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a. Calculation #1 is for the concentration of biotinylated protein in mmol/mL (before any dilution for

the assay procedure):

mmol protein/mL = = Calc#1

b. Calculation #2 is for the change in absorbance at 500 nm:

Cuvette: ΔA500 = (0.9* × A500 H\S) – (A500 H\S\B) = Calc#2 

Microplate: ΔA500 = (A500 H\S) – (A500 H\S\B) = Calc#2 

*Note: The cuvette format requires the 0.9 correction factor to adjust for dilution of the H\S Solution by the 

biotinylated protein sample. 

c. Calculation #3 is for the concentration of biotin in mmol per mL of reaction mixture:

= = = Calc#3*

* Note: b is the light path length (cm) of the sample. Use b = 1 with the cuvette format. Use b = 0.5 with the microplate 

format when using a standard 96-well plate and the volumes specified in the procedure. 

d. Calculation #4 is for the mmol of biotin per mmol of protein:

= = 

= 

*Note: The original biotinylated protein sample was diluted 10-fold in the reaction mixture. Therefore, a multiplier of 10

is used in this step to convert the biotin concentration in the reaction mixture to the biotin concentration in the 

original sample. Calculation #4 yields the biotin: protein molar ratio (average 4# of biotin molecules per protein 

molecule). 

D) Example HABA Assay calculation: In this example, the labeled protein is IgG (MW 150000) at 0.69 mg/mL,

the absorbance measurements were A500 H\S = 0.904 and A500 H\S\B = 0.771

#1  mmol protein/mL = = 4.6 × 10-6

#2 ΔA500 = (0.9 × 0.904) – 0.771 = 0.0426

#3 = = 1.25 × 10-6

#4 = = = 2.72 Biotin molecules per IgG molecule
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a. Calculation #1 is for the concentration of biotinylated protein in mmol/mL (before any dilution for

the assay procedure):

mmmmmmmmmmmmmmmmmmmmmmmolololololololololololol pppppppppppprororororoororororoorotettttttttttttt in/mL = = Calc#1

b. Calcuuululuuluuuu atatatatatatatatatattioioioioioioiooioioioionnnnnnnnnnn #2#2#2#2#2#2#2#22#2#2#2#2#  is for the change in absorbance at 500 nm:

Cuvette: ΔA500 = (0.9* × A500 H\S) – (A500 H\S\B) ================== CaCaCaCaCaCaCaCaCaCaCaCaCaCaCCC lc#2

Microplate: ΔA500 = (A500 H\S) – (A500 H\S\B) = Calc#2

*Note: The cuvette format requires the 0.9 correction factor to adjust for dilution of the H\S Solution by the 

biotinylated protein sample.

c. Calculation #3 is for the concentration of biotin in mmol per mL of reaction mixture:

= = = Calc#3*

********** NoNoNNoNoNoNoNoNoNoNoNoNoNoNoNooteteteteteteteteteteettttttt ::::::::: bbbbbbbbbb isisisisisisisisisisisiss the light path length (cm) of the sample. Use b = 1 with the cuvette fffffffffffffforrorororororororororororororo mammmamamaaaamamammmaaamaammamat.t.t.t.t.t.tt.t UUUUUUUUUUUsesesessesesesesesesesess bbbbbb = 0.5 with the microplate 

format when using a standard 96-well plate and the volumes specified innnnnnnnnnnnnnnn ttttttttttttttthehehehehehehehehehehehehehehee pprocedure.

d. Calculation #4 is for the mmol of biotin per mmol of protein:

= =

= 

*Note: The original bbbbbbbbbioioioioioioioioioioi tititittitittititiinnnynnnnnnn lated protein sample was diluted 10-fold in the reaction mixture. Thhhhhhhhhhherererererererereree efefefefefefefefefefefe orororororororororore,e,e,e,e,e,e,e,e,e,e, aaaaaaaaaa multiplier of 10

is used innnnnnnnnnnnnn tttttttttttthihihihihihhhihihhisssssssssssss stststststststststststtteepepepepepepepepepeee  to convert the biotin concentration in the reaction mixture tototototototototooo ttttttttthehehehehehheheheheheh bibibibibibibibibibibibiibibibiioototototototototoootootototototininininininininininii  concentration in the 

orororororororororigigigigigigigigigigininininnininininnnnalalalalalalalaalal sssssssssssssssssssaamamamamamamamamamaammamammplp e. Calculation #4 yields the biotin: protein molar ratio (averagegegegegegegegegeegee 4444444444# # # # ## ## ## # ofofofofofofofofofofofoffo bbbbbbbbbbbbioii tin molecules per protein 

momomomomomomomoomomomoleleleleleleleleleleeeecuccccccccccc le).

D) Example HABA Assay calculation: In this example, the labeled protein is IgG (MW 150000) at 0.69 mg/mL,

the absorbance measurements were A500 H\S = 0.904 and A500 H\S\B = 0.771

#1 mmol protein/mL = = 4.6 × 10-6

#2 ΔA500 = (0.9 × 0.90404044040404040404404)))))))))) ––––––– 0.0.0.0.0.0.0.0.0.0000.7777777777777 1 = 0.0426

#3 = = 1.25 × 10-6

#4 = = = 2.72 Biotin molecules per IgG molecule
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7. Troubleshooting the HABA Assay

Problem Cause Solution 

ΔA500 in HABA 

assay is ≤ 0 

The protein sample has no or a low level 
of biotinylation because of limited 
accessible functional groups on the protein. 

Repeat biotinylation with alternative chemistry 
(e.g., sulfhydryl-reactive) or use a higher molar 
ratio of biotinylation reagent. 

Incomplete mixing of reagent. 
Completely solubilize and mix 
HABA/Streptavidin before diluting. 

Particles in sample contribute to 

absorbance. 
Filter protein sample to remove particles. 

High  levels 

of biotin 
Nonreacted biotin was not removed. 

Dialyze or desalt sample before performing the 

assay. 
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7. Troubleshooting the HABA Assay

Problem Cause Solutionnonononononononono

ΔA500 in HABBBBBBBBBBBBBBBAA AAAAA A A A A AA AAAAA

assay is ≤ 0

The eeeeee e e prprprprprprprprprprpp otoototototoooooooototooooo eieieieieiieieieieiieieieieieieiinnnnnnnnnnnnnn sasssssssassss mple has no or a low level 
ofofofofofofofofofof bbbbbbbbbbb oioioioioioioioooiotititititititititititititinynnnnnnnnnnn lation because of limited 
acacacacacacacacacacaccccceccccccccc ssible functional groups on the protein.

Repeat biotinylationnnnnnnnn wiwiwiwiwiwiwiwiwwiwiw thtthtthhhhhhththhththththh aaaaaaaaaaaaaaaaaltltltlttltltltltltlttlterererereeererereererrnative chemistry 
(e.g., sulfhydryyl-rererererererererrereacacacacacacacacaaccactitititititittitititt veveveveveveveveveeevevee))))) )))))))) or use a higher molar
ratio of biotititititititiititittititinynynynynynynynynynynynynynynyynynnynylalalalalalalalalaalalalalalalallatttttititititititttttititttitttiit ononononononononononoonon reagent.

Incomplete mixing of reagent.
Completely solollolollololololololooo ubilize and mix
HABA/Streptavidin before diluting.

Particles in sample contribute to 

absorbance.
Filter protein sample to remove particles.

High  levels 

of biotin
Nonreacted biotin was not removed.

Dialyze or desalt sample before performing the

assay.
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