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ANALYTICAL BIOCHEMISTRY 150, 76-85 (1985)

Measurement of Protein Using Bicinchoninic Acid’

P. K. SMiTH,? R. L. KROHN, G. T. HERMANSON, A. K. MALLIA, F. H. GARTNER,
M. D. PROVENZANO, E. K. FUJIMOTO, N. M. GOEKE, B. J. OLSON, AND D. C. KLENK

Biochemical Research Division, Pierce Chemical Company, P.O. Box 117, Rockford, Illinois 61105
Received April 30, 1985

Bicinchoninic acid, sodium salt, is a stable, water-soluble compound capable of forming an
intense purple complex with cuprous ion (Cu'*) in an alkaline environment. This reagent forms
the basis of an analytical method capable of monitoring cuprous ion produced in the reaction of
protein with alkaline Cu?* (biuret reaction). The color produced from this reaction is stable and
increases in a proportional fashion over a broad range of increasing protein concentrations. When
compared to the method of Lowry ef al., the results reported here demonstrate a greater tolerance
of the bicinchoninate reagent toward such commonly encountered interferences as nonionic de-
tergents and simple buffer salts. The stability of the reagent and resulting chromophore also allows
for a simplified, one-step analysis and an enhanced flexibility in protocol selection. This new
method maintains the high sensitivity and low protein-to-protein variation associated with the

Lowry technique. © 1985 Academic Press, Inc.
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The widely used method of Lowry ef al. (1)
for protein determination relies on the Folin-
Ciocalteau reagent to enhance the sensitivity
of the biuret reaction. The instability of this
reagent in an alkaline medium demands that
exacting technique be exercised in the timing
of both reagent addition and mixing with
sample in order to obtain accurate results. The
two-step nature of the Lowry method is me-
chanically cuambersome and tedious, and adds
considerable complexity to efforts to attempt
to utilize it in an automated or post-column-
detection format (2). Additionally, nonionic
detergents as well as some buffer salts used at
levels useful for protein solubilization can in-
terfere by forming insoluble precipitates with
the Folin-Ciocalteau reagent. It seems appar-
ent that most of the difficulties associated with
the Lowry method are due to the peculiarities
of the detection reagent used.

! This paper is dedicated to the memory of Dr. E. Melvin
Gindler, a long-time friend and colleague. Without Mel’s
knowledge and love of chemistry which he so generously
shared, this work would not have been possible.
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In this paper we describe a new protein
measurement method based upon an alter-
native detection reagent, namely bicinchon-
inic acid (BCA).? In the form of its water-sol-
uble sodium salt, BCA is a sensitive, stable,
and highly specific reagent for Cu'* (3). Pre-
viously, this attribute has been utilized to
monitor the levels of other substances capable
of reducing Cu?* to Cu'* such as uric acid (4)
and glucose (5). To our knowledge, no one
has exploited a BCA indicator system to mon-
itor Cu'* produced during the biuret reaction.

MATERIALS AND METHODS

Chemicals. Bicinchoninic acid, sodium salt,
was synthesized by the Pfitzinger reaction of
isatin and acetoin (Aldrich), substituting so-
dium hydroxide for potassium hydroxide in
the method of Lesesne and Henze (6). The

3 Abbreviations used: BCA, bicinchoninic acid; BCA-
Na,, bicinchoninic acid, disodium salt; RIBO, ribonuclease
A; CHYMO, chymotrypsinogen; IgG, human immuno-
globulin G; BSA, bovine serum albumin; S-WR, Standard
Working Reagent.



PROTEIN ASSAY USING BICINCHONINIC ACID

crude product obtained was subjected to re-
crystallization from a minimum amount of
75°C water until the absorbance blank of the
freshly prepared working reagent (described
below) was less than 0.065 at 562 nm. Three
recrystallizations were usually required. The
hydrated, nearly colorless needles isolated re-
vert to amorphous, cream-colored anhydrous
powder upon drying at 60°C. Technical-grade
BCA currently available from various sources
(Sigma, Hach, Pierce) gives a somewhat higher
blank reading and has not been further eval-
uated. Inorganic salts used in the reagent for-
mulations were of reagent-grade quality (J. T.
Baker or Fisher). All prepared solutions were
passed through 1-um filters to remove insol-
uble debris associated with the salts. Folin—
Ciocalteau reagent (2 N) was purchased from
Fisher and diluted to 1 N prior to use. Com-
pounds used in the interfering substances
studies were of the highest quality commer-
cially available, while nonionic detergents were
further purified by described methods (7,8).
All water used was deionized, but care must
be taken to avoid obtaining water from sys-
tems containing copper lines and fittings, be-
cause enough dissolved copper as Cu'* may
be present to contribute appreciably to blank
readings. We found that deionized water (18
Mohm-cm) delivered from all plastic car-
tridged units (Millipore or Barnsted) was sat-
isfactory.

Proteins. BSA (crystallized) and IgG (hu-
man) were obtained from Miles. Ribonuclease,
chymotrypsinogen, and human insulin were
from Boehringer-Mannheim, and avidin (egg
white) was of affinity-purified grade obtained
from Pierce. Standard protein solutions were
prepared in either isotonic saline or, in the
case of the interfering substances studies, in a
solution containing the particular compound
under study.

Lowry reagent and protocol. The Lowry re-
agent formulations and protocol used in this
study were as described (1).

Standard BCA reagent and protocol. Re-
agent A consists of an aqueous solution of 1%
BCA-Na2, 2% N82CO3 M Hzo, 0.16% Na, tar-
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trate, 0.4% NaOH, and 0.95% NaHCO;. If
needed, appropriate addition of NaOH (50%)
or solid NaHCQ; is made to reagent A to ad-
just the pH to 11.25. Reagent B consists of 4%
CuSO, - 5SH,O in deionized water. Reagents A
and B are stable indefinitely at room temper-
ature and are commercially available (Pierce).
Standard Working Reagent (S-WR) is pre-
pared weekly or as needed by mixing 100 vol
of Reagent A with 2 vol of Reagent B. S-WR
is apple green in color.

The standard assay procedure consists of
mixing 1 vol of sample (standard or unknown)
with 20 vol of S-WR in a test tube. For con-
venience we routinely use a 100-ul sample and
2 ml S-WR; however, any multiple of these
volumes may be used depending upon the to-
tal volume needs of a particular spectropho-
tometer or considerations based on the avail-
ability of the protein to be assayed. Color de-
velopment proceeds immediately, even at
room temperature, but it can be greatly ac-
celerated by incubating the tubes in a constant-
temperature water bath. In this respect, the
temperature chosen for the color development
is directly related to the desired sensitivity. The
incubation protocols used to generate the bulk
of the data in this report were (i) room tem-
perature for 2 h, (i1) 37°C for 30 min, and (iii)
60°C for 30 min. After the chosen incubation
step, the samples are cooled to room temper-
ature and their absorbances measured at 562
npm versus a reagent blank. The concentration
of unknowns can be then determined from a
plot of concentration vs absorbances obtained
for the standard protein solutions.

pH optimum. The pH optimum of the assay
was determined by adjusting the pH of Re-
agent A with either NaOH (50%) or solid
NaHCO;, preparing the corresponding work-
ing reagents, and assaying a set of BSA stan-
dards (100-1200 ug/ml) using an incubation
protocol of 30 min at 37°C.

Color stability. Final color stability was de-
termined for all three selected incubation pro-
tocols. After the incubation period, the assay
tubes were cooled to room temperature as
needed and the absorbances recorded imme-
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diately. Additional readings were made over
a 1-h period in order to monitor any subse-
quent changes in absorbance values.

Interfering substances. A stock solution of
BSA at a concentration of 1000 ug/ml was
prepared in deionized water. Stock solutions
of each compound listed in Table 1 were also
prepared in deionized water, but at twice the
concentration shown. An automated pipetting
device (Micro Lab P from Hamilton) was used
to dispense 0.05 ml of the BSA stock solution
(or deionized water) and 0.05 ml of the ap-
propriate interfering compound stock solution
(or deionized water) into each of the tubes for
the assays. The tubes marked “water blank”
contained no BSA or potentially interfering
compound, while those marked “interference
blank” contained no BSA but did contain the
potentially interfering compound. The tubes
marked “reference” contained the BSA in wa-
ter plus an additional aliquot of water so that
the sample volumes in all tubes were identical
(0.1 ml). All the tubes were then carried though
the BCA method using the 37°C/30 min pro-
tocol or the Lowry method as single runs. The
amount of BSA found was then calculated
from the net absorbance at the appropriate
wavelength after subtracting the “water blank”
or “interference blank.”

Protein-to-protein variability. The standard
BCA 37°C/30 min protocol was used to con-
duct the protein-to-protein variation study. All
of the proteins assayed were prepared in sets
of standard concentrations in the range 100-
1200 pg/ml. The same sets of protein stan-
dards were also assayed using the Lowry
method.

Working reagent stability. A standard curve
plotting absorbance vs concentration of BSA
was made using freshly prepared working re-
agent for both the standard BCA and Lowry
formulations. The analysis was then repeated
after 7 days of storage at room temperature
using the same BSA standards.

Micro BCA Reagent and protocol. Ex-
tremely dilute protein solutions (0.5-10 ug/
ml) can be efficiently assayed by a 60°C/60
min protocol which employs a more concen-
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trated reagent formulation. Micro-Reagent A
(MA) consists of an agueous solution of 8%
N32CO3 . Hzo, 1.6% NaOH, 1.6% Naz tartrate
and sufficient NaHCO; to adjust the pH to
11.25. Micro-Reagent B (MB) consists of 4%
BCA-Naj, in deionized water, Micro-Reagent
C (MC) consists of 4 vol of 4% (aq)
CuS0; - 5H,0 plus 100 vol of Micro-Reagent
B. Micro-Working Reagent (M-WR) consists
of 1 vol of MC plus 1 vol of MA, MA and MB
are stable indefinitely at room temperature,
but MC and M-WR should be prepared as
needed.

To run the assay, mix 1 volume of sample
or standard with 1 volume of M-WR in a test
tube and incubate the tubes for 60 min at
60°C, cool to room temperature, and measure
the absorbance vs the blank at 562 nm. De-
termine the concentration of unknowns from
a standard curve,

RESULTS AND DISCUSSION

When protein is placed in an alkaline system
containing Cu?*, a colored complex can form
between the peptide bonds of the protein and
the copper atoms, The properties of this ““biu-
ret” reaction have been used for quite some
time to measure the quantity of protein present
within a solution (9-10). Unfortunately, the
low sensitivity of this technique severely limits
its usefulness for measuring the concentration
of dilute protein solutions. With the devel-
opment of the Lowry assay which successfully
applied the Folin—-Ciocalteau reagent to en-
hance the color response of the biuret reaction,
a sensitive protein detection system resulted.
While the mechanism of the Lowry reaction
is not well understood, we have theorized that
it involves a reduction of the Cu?* to Cu'* at
the complexation sites within the protein
molecule. This may then be followed by re-
action of the generated Cu*! with Folin—Cio-
calteau reagent to form the final intense color.
Using this reasoning, we decided to replace
the Folin-Ciocalteau reagent with a com-
pound known for its specificity in complexing
Cu'* in hopes of overcoming some of the lim-







