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a b s t r a c t

This study revealed a major interference from sulfo-N-hydroxysuccinimide (sulfo-NHS) in the bicinchon-

inic acid (BCA) protein assay. Sulfo-NHS, a common reagent used in bioconjugation and analytical bio-

chemistry, exhibited absorbance signals and absorbance peaks at 562 nm, comparable to bovine serum

albumin (BSA). However, the combined absorbance of sulfo-NHS and BSA was not strictly additive. The

sulfo-NHS interference was suggested to be caused by the reduction of Cu2+ in the BCA Kit’s reagent B

(4% cupric sulfate) in a manner similar to that of the protein.

Crown Copyright � 2011 Published by Elsevier Inc. All rights reserved.

The bicinchoninic acid (BCA)1 protein assay [1] is widely used for

determination of protein concentrations ranging from 25 to 2000

lg/mL. As a water-soluble sodium salt, BCA exhibits high sensitivity

and specificity for Cu1+. Similar to the Biuret reaction, the presence

of protein in an alkaline medium reduces Cu2+ to Cu1+. Consequently,

a purple-colored reaction product is formed by the chelation of two

molecules of BCA with each Cu1+, which exhibits a strong absorbance

at 562 nm. The total protein concentration is reflected by the sample

color change fromgreen topurple inproportion to a givenprotein con-

centration. The color formation caused by the reaction of proteinwith

BCA is dependent on its number of peptide bonds, itsmacromolecular

structure, and the availability of four amino acids (cysteine, cystine,

tryptophan, and tyrosine) in the protein [2]. The amino acid sequence,

pI, and thepresenceof certain side chains or prosthetic groups canalso

affect the color formation significantly. The extent of the color forma-

tion is determined by more than the sum of individual color-forming

functional groups [2].

The Thermo Scientific BCA protein assay kit’s instruction (Cat.

No. 23227) indicates several potential interfering substances such

as ascorbic acid, catecholamine, creatinine, cysteine, EGTA, impure

glycerol, hydrogen peroxide, hydrazides, iron, lipids, melibiose,

phenol red, impure sucrose, tryptophan, tyrosine, and uric acid.

Phospholipids [3], glucose [4], mercaptoethanol [4], and other sub-

stances such as acetamidophenol, 3,4-dihydroxyphenylalanine,

dithiothreitol, glutathione, and penicillamine [2] also interfere

with the BCA assay. There is also a temperature-dependent reac-

tion of peptide bonds with Cu2+ that can increase the concentration

of Cu1+. There are numerous reports where proteins have been

quantified by the BCA protein assay in the presence of sulfo-NHS

[5–13]. However, the interference of sulfo-NHS in the BCA assay

has not been reported.

1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) (Ther-

mo Scientific) and sulfo-NHS (Thermo Scientific)-based heterobi-

functional crosslinking of proteins is one of the most widely used

procedures for biomolecular conjugation [14–16] and biochip-

based assay development [17–19]. Our results in this study show

the interference of sulfo-NHS with the BCA protein assay, which

can lead to inaccurate protein estimation. To our knowledge, this

is the first report on the interference caused by sulfo-NHS in the

BCA assay.

Identical varying concentrations (25–2000 lg/mL) of sulfo-NHS,

EDC, and EDC–sulfo-NHS were employed in the BCA protein assay

in the absence of protein. The absorbance at 562 nm, the character-

istic wavelength corresponding to the absorption peak of the pur-

ple-colored complex, was then compared with that of the same

concentration of BSA. Fig. 1A shows a very pronounced interfer-

ence caused by sulfo-NHS in the BCA protein assay, whether it

was employed alone or with EDC. In contrast, EDC alone did not

show interference with the BCA protein assay. Note also that the

absorbances obtained at 562 nm were very similar for sulfo-NHS,

EDC–sulfo-NHS, and BSA. The BCA assay was also performed with
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identical varying concentrations of sulfo-NHS and EDC–sulfo-NHS

but each concentration mixed with a fixed BSA concentration

(125 lg/mL). The combined absorbance of sulfo-NHS/EDC–sulfo-

NHS (varying concentrations) and BSA (125 lg/mL) at 562 nm

was not additive and was greater than the sum of the absorbances

for the various concentrations (25–2000 lg/mL) of sulfo-NHS/

EDC–sulfo-NHS and the fixed BSA concentration.

Sulfo-NHS and BSA displayed the same absorption maximum of

562 nm (Fig. 1B) as identified from the absorbance scan from 450

to 700 nm obtained with respective purple-colored complexes in

the BCA protein assay after 30 min of incubation at 37 �C, suggest-

ing the formation of the same chromophore. The time-response

kinetic measurement (Fig. 1C) was then performed with the BCA

protein assay solution immediately after the addition of BCA re-

agent to understand the behavior of the colorimetric reaction with

BSA and sulfo-NHS. The ambient temperature of about 27 �C inside

the microtiter plate reader (Tecan, Infinite M200 Pro) was used for

these experiments, different from the actual BCA assay measure-

ments done at 37 �C. The initial absorbance value and the initial

reaction rate of BSA with BCA were higher but showed a gradual

decrease with time. This can be explained by the fact that the ini-

tial reaction occurs from the interaction of copper and BCA with

cysteine, tryptophan, and tyrosine residues of BSA and subse-

quently, the peptide bond is also responsible for color

development. On the other hand, the reaction rate for sulfo-NHS

showed consistent single-phase kinetics.

A study was conducted for the interference of EDC with the

Lowry method of protein determination [20], where EDC and BSA

showed the same absorbance peak. The interference was attributed

to the reduction of the Folin–Ciocalteu reagent by EDC. However,

there was no interference from EDC with the BCA assay in our pres-

ent study. The interference of phospholipids with the BCA assay

was reported to produce a similar absorbance peak as BSA but

the combined absorbance of protein and phospholipid was not

strictly additive [3]. Similarly, glucose, mercaptoethanol, and dithi-

othreitol also produced the same absorbance response as BSA and

an identical absorbance peak at 562 nm [4].

In the present study, the interference from sulfo-NHS can be

effectively managed by plotting a BCA standard curve for BSA in

the presence and absence of 5 mM sulfo-NHS (Fig. 1D). The mean

average difference in the absorbance values of BSA in the presence

and absence of sulfo-NHS, which is actually the signal contributed

due to the presence of sulfo-NHS in BSA solution, is calculated.

Subsequently, the true absorbance of an unknown protein sample

can then be determined fairly well by subtracting out the contribu-

tion of absorbance derived from the sulfo-NHS.

The Thermo Scientific BCA kit’s instructions suggest that chang-

ing the BCA working reagent A:B ratio of 50:1 to 50:2 or 50:3 may

Fig.1. (A) BCA protein assay curves with varying concentrations (25–2000 lg/mL) of BSA, EDC, sulfo-NHS, EDC-sulfo-NHS, and sulfo-NHS/EDC–sulfo-NHS mixed with a fixed

BSA concentration of 125 lg/mL. (B) Absorbance scan from 450 to 700 nm of the purple-colored complexes produced after BCA protein assays with BSA/sulfo-NHS (1 mg/mL).

(C) Time-response measurements at 562 nm of the BCA protein assay solutions with BSA/sulfo-NHS (1 mg/mL). (D) The BCA standard curve for BSA in the presence and

absence of 5 mM sulfo-NHS.

Notes & Tips / Anal. Biochem. 417 (2011) 156–158 157



eliminate interferences by copper-chelating agents owing to

increasing copper in the BCA working reagent. However, there

was a slight increase in the absorbance values from varied concen-

trations of the sulfo-NHS in the BCA assay (Fig. 2A) when the Cu2+

concentration (BCA Kit’s reagent B, i.e., 4% cupric sulfate) was in-

creased, thereby implying that sulfo-NHS itself was not a copper-

chelating agent and its interference was likely due to the reduction

of Cu2+ in a similar fashion as that caused by the protein. Therefore,

the BCA protein assay was also performed with a fixed and suffi-

cient sulfo-NHS concentration (1 mg/mL) in the presence of

increasing concentrations of Cu2+ in the BCA working reagent,

i.e., increasing the concentration of reagent B but keeping the con-

centration of reagent A fixed. The colorimetric absorbance values

(Fig. 2B) were directly proportional to the Cu2+ concentration in

the BCA working reagent. These results suggest that sulfo-NHS

interferes with the BCA protein assay by reducing Cu2+ to Cu1+,

which then reacts with BCA to form a BCA–Cu1+ complex and

hence, the increased absorbance values.

In summary, sulfo-NHS has remarkable interference with the

BCA protein assay, which is suggested to be caused by the reduc-

tion of Cu2+ to Cu1+ and resulting in producing an absorbance peak

at 562 nm in the BCA working reagent. However, the combined

absorbance of sulfo-NHS and BSA was not strictly additive. Our

present findings would be of greater utility to the researchers, rely-

ing on the BCA protein assay for the estimation of protein concen-

tration, as they can prevent the potential errors resulting from the

presence of sulfo-NHS along with the protein in their specific bio-

analytical applications.

Acknowledgments

This work was supported by the Research Collaboration Agree-

ment between the NUSNNI-NanoCore at the National University of

Singapore, Singapore, and the University Diabetes Center at the

King Saud University, the Kingdom of the Saudi Arabia.

References

[1] P.K. Smith, R.I. Krohn, G.T. Hermanson, A.K. Mallia, F.H. Gartner, M.D.
Provenzano, E.K. Fujimoto, N.M. Goeke, B.J. Olson, D.C. Klenk, Measurement
of protein using bicinchoninic acid, Anal. Biochem. 150 (1985) 76–85.

[2] K.J. Wiechelman, R.D. Braun, J.D. Fitzpatrick, Investigation of the bicinchoninic
acid protein assay: identification of the groups responsible for color formation,
Anal. Biochem. 175 (1988) 231–237.

[3] R.J. Kessler, D.D. Fanestil, Interference by lipids in the determination of protein
using bicinchoninic acid, Anal. Biochem. 159 (1986) 138–142.

[4] R.E. Brown, K.L. Jarvis, K.J. Hyland, Protein measurement using bicinchoninic
acid: elimination of interfering substances, Anal. Biochem. 180 (1989) 136–
139.

[5] J. Kang, X.-Y. Zhang, L.-D. Sun, X.-X. Zhang, Bioconjugation of functionalized
fluorescent YVO4:Eu nanocrystals with BSA for immunoassay, Talanta 71
(2007) 1186–1191.

[6] J. Lee, J. Yang, S.-B. Seo, H.-J. Ko, J.-S. Suh, Y.-M. Huh, S. Haam, Smart
nanoprobes for ultrasensitive detection of breast cancer via magnetic
resonance imaging, Nanotechnology 19 (2008) 485101.

[7] J. Wan, X. Meng, E. Liu, K. Chen, Incorporation of magnetite nanoparticle
clusters in fluorescent silica nanoparticles for high-performance brain tumor
delineation, Nanotechnology 21 (2010) 235104.

[8] Y. Kawai, H. Fujii, M. Okada, Y. Tsuchie, K. Uchida, T. Osaka, Formation of Ne-
(succinyl)lysine in vivo: a novel marker for docosahexaenoic acid-derived
protein modification, J. Lipid Res. 47 (2006) 1386–1398.

[9] K.L. Lynch, R.R.L. Gerona, E.C. Larsen, R.F. Marcia, J.C. Mitchell, T.F.J. Martin,
Synaptotagmin C2A Loop 2 mediates Ca2+-dependent SNARE Interactions
essential for Ca2+-triggered vesicle exocytosis, Mol. Biol. Cell 18 (2007) 4957–
4968.

[10] F.-Y. Chiu, Y.-R. Chen, S.-L. Tu, Electrostatic interaction of phytochromobilin
synthase and ferredoxin for biosynthesis of phytochrome chromophore, J. Biol.
Chem. 285 (2010) 5056–5065.

[11] S. Yamashiro, K.D. Speicher, D.W. Speicher, V.M. Fowler, Mammalian
tropomodulins nucleate actin polymerization via their actin monomer
binding and filament pointed end-capping activities, J. Biol. Chem. 285
(2010) 33265–33280.

[12] I.Y. Churbanova, T.L. Poulos, I.F. Sevrioukova, Production and characterization
of a functional putidaredoxin reductase–putidaredoxin covalent complex,
Biochemistry 49 (2010) 58–67.

[13] M.F. Zambaux, F. Bonneaux, E. Dellacherie, Covalent fixation of soluble
derivatized dextrans to model proteins in low-concentration medium:
application to Factor IX and protein C, J. Protein Chem. 17 (1998) 279–284.

[14] G.T. Hermanson, Bioconjugate Techniques, second ed., Elsevier Academic
Press, USA, 2009.

[15] J.V. Staros, R.W. Wright, D.M. Swingle, Enhancement by N-
hydroxysulfosuccinimide of water-soluble carbodiimide-mediated coupling
reactions, Anal. Biochem. 156 (1986) 220–222.

[16] Z. Grabarek, J. Gergely, Zero-length crosslinking procedure with the use of
active esters, Anal. Biochem. 185 (1990) 131–135.

[17] C.K. Dixit, S.K. Vashist, F.T. O’Neill, B. O’Reilly, B.D. MacCraith, R. O’Kennedy,
Development of a high sensitivity rapid sandwich ELISA procedure and its
comparison with the conventional approach, Anal. Chem. 82 (2010) 7049–
7052.

[18] C.K. Dixit, S.K. Vashist, B.D. MacCraith, R. O’Kennedy, Multi-substrate
compatible ELISA procedures for rapid and high sensitivity immunoassays,
Nat. Protoc. 6 (2011) 439–445.

[19] T. Cass, F.S. Ligler, Immobilized Biomolecules in Analysis: a Practical Approach,
Oxford Univ. Press, USA, 1998.

[20] R. Kumar, A.K. Shukla, E. Bagga, S. Kumari, R.P. Bajpai, L.M. Bharadwaj, 1-Ethyl-
3-(3-dimethylaminopropyl) carbodiimide interference with Lowry method,
Anal. Biochem. 336 (2005) 132–134.

Fig.2. (A) The BCA protein assay with varying sulfo-NHS concentrations (25–2000 lg/mL) using BCA working reagent (WR) A:B ratio of 50:1 (normal procedure) to 50:2 or
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