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LOWRY AND BRADFORD ASSAYS 
FOR PROTEIN 

Paul J. Edelson 
Robert A. Duncan 

I. INTRODUCTION 

The Lowry and Bradford assays for protein determination 
provide relatively simple methods for calculating specific 
activities by standardizing enzyme activities to protein con-
tent. Both assays will conveniently detect protein in the 
concentration ranges used for most of the enzyme assays in the 
following chapters and may be modified to detect as little as 
1 to 25 yg protein. 

Both assays are colorimetric. The Lowry assay depends on 
the complexing of copper with tyrosine and tryptophan residues, 
whereas the Bradford method measures the binding of Coomassie 
Brilliant Blue G-250 to protein. The protocols described here 
are modified specifically for protein determination in Triton 
lysates but may be altered for different conditions by simply 
replacing Triton with the appropriate agent. 
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II. LOWRY ASSAY 

A. Reagents 

(1). 2% Sodium carbonate in 0.1 N sodium hydroxide: 
20 gm Na2C03 (Fisher Scientific Co., Catalog No. S-263); 
4 gm NaOH (Fisher Scientific Co., Catalog No. S-318). 

Dissolve in 1000 ml double distilled water. Store at 
room temperature. 

(2). 2% Sodium tartrate: 2 gm Na tartrate (Fisher 
Scientific Co., Catalog No. S-435). 

Dissolve in 100 ml double distilled water and store at 
4°C. 

(3). 1% Copper sulfate: 1 gm CuS04 (Fisher Scientific 
Co., Catalog No. C-493). 

Dissolve in 100 ml double distilled water and store at 4°C. 
(4). Lysozyme protein standard (200 yg/ml): Hen egg 

white lysozyme (Worthington Chemical Co., Catalog No. 2931). 
Dissolve 10 mg lysozyme in 10 ml sterile distilled water to 
make a 1.0 mg/ml solution. Then, take 200 yl of 1 mg/ml solu-
tion and 9.8 ml sterile water to make a 200 yg/ml solution. 
Freeze the remaining 1 mg/ml solution, and aliquot the 200 yg/ 
ml solution into 1-ml portions and store at -20°C. 

(5). 2% Triton: 2 ml Triton X-100 (Sigma Chemical Co., 
Catalog No. T-6878). 

Dissolve in 98 ml double distilled water. 

B. Assay Procedure 

(1). Prepare 0.05% Triton (0.1 ml of 2% Triton X-100 
diluted in 3.9 ml distilled water). The Triton solution 
should be diluted fresh on the day of the assay from the 2% 
stock. Lyse cells. 

(2). Prepare protein standards. See Table I. 
(3). Working assay mixture. Add in this order: 20 ml 

2% Na2CO in 0.1 N NaOH, 0.2 ml 2% Na tartrate, 0.2 ml 1% 
CuS04. 

(4) Working phenol reagent. Dilute stock Phenol Reagent 
(Sigma Chemical Co., Catalog No. F-9252) 1:1 with distilled 
water. The working phenol reagent must be prepared fresh on 
the day of the assay. 

(5). Spectrophotometer. Set spectrophotometer to read 
absorbance at 750 nm. Absorbance at 500 nm may also be used, 
but this is less sensitive than 750 nm when the protein con-
centration is less than 125 yg/ml. 
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(6). Assay. Aliquot 200 μΐ of cell lysate into small 
disposable plastic test tubes (12 x 75 mm, no cap, Falcon 
Plastics, Catalog No. 2052). Add 1 ml of working assay mix-
ture to each unknown and each lysozyme standard. Vortex 
briefly and leave at room temperature for 10 min. Add 0.1 ml 
working phenol reagent to each tube, vortex, and leave at 
room temperature for 30 min. Read absorbance at 750 nm within 
30 min of the end of the second incubation. 

C. Calculation of Data 

The standards may be plotted on a linear graph of concen-
tration versus absorbance, and unknown concentrations may 
then be read directly from the graph. 

Alternatively, a straight line may be fit to the standard 
data by the method of least squares and the formula generated 
may be used to calculate unknown concentrations. This latter 
method is especially convenient for use with a hand-held pro-
grammable calculator. 

III. BRADFORD ASSAY 

A. Reagents 

(1). Diluted dye reagent. Dilute 1 volume Bio-Rad 
Protein Assay Dye Reagent Concentrate (Bio-Rad Laboratories, 
Richmond, California, Catalog No. 500-0006) with four volumes 
double-distilled water and filter through Whatman No.l filter 
paper. This may be stored at room temperature for up to two 
weeks. The reagent contains methanol and phosphoric acid and 
should be appropriately handled. 

(2). Protein standard. Add 20.0 ml sterile distilled 
water to Bio-Rad Protein Standard I (Bio-Rad Laboratories, 
Richmond, California, Catalog No. 500-0005). This yields a 
solution of bovine γ-globulin at approximately 1.4 mg/ml. 
Bio-Rad also supplies a bovine plasma albumin standard (Pro-
tein Standard II, Catalog No. 500-0007), or individual protein 
standards may be made to correspond most closely to the pro-
tein being measured. Reconstituted protein may be stored up 
to 2 months at 4°C or frozen in aliquots for long-term storage 
at -20°C. 

(3). 0.5% Triton X-100. Dilute 1 ml 2% Triton X-100 
(see section I for details) with 3 ml double-distilled water. 
Prepare fresh for each assay. 
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B. Assay Procedure 

(1). Preparation of standard. To 13 x 100 mm disposable 
glass test tubes (Curtin Matheson Scientific, Inc., Houston, 
Texas, Catalog No. 339-283) add (as given in the tabulation 
below): 

Protein 
standard 
(1.4 mg/ml) 

10 yl 
20 
30 
40 
50 
60 
70 
80 
90 

Triton 
X-100 
(0. 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

5%) 

yi 

Distilled 
water 

90 μΐ 
80 
70 
60 
50 
40 
30 
20 
10 

Protein 
concentration 
(mg/ml) 

0 (Blank) 
0.140 
0.280 
0.420 
0.560 
0.700 
0.840 
0.980 
1.120 
1.260 

Total 
prote 

(yg) 

0 
14 
28 
42 
56 
70 
84 
98 

112 
126 

(2). Assay. Add 5.0 ml diluted dye reagent to 100 yl of 
sample or standard and vortex gently but thoroughly (avoid 
foaming). After 5 min, read absorbance on a spectrophotometer 
at 595 nm (visible band) versus a reagent blank. (A high op-
tical density for the blank, around 0.45 versus water, is 
usual.) The color is stable for approximately 1 hr. 

(3). Interference. Strongly alkaline conditions and de-
tergent concentrations in excess of about 0.1% cause substan-
tial background interference. Such samples may be neutralized 
or diluted to minimize background, but the interfering reagent 
(e.g., 0.05% Triton) should be included in the blank and stan-
dard. For a more complete consideration of interfering re-
agents, see Bio-Rad Bulletin 1069. (This bulletin also de-
tails a microassay procedure for detecting total protein con-
tent from 1 to 25 yg.) 

(4). Cleaning cuvettes. The dye reagent slowly stains 
cuvettes, especially quartz cuvettes. Glass cuvettes are a 
better choice and may be cleaned with methanol and/or 0.1 N 
HCl. The blank cuvette should be rinsed approximately every 
10 min to avoid progressive staining of the cuvette. This 
problem may be avoided by using disposable cuvettes (Bolab, 
Inc., Derry, New Hampshire, Catalog No. 202195). 



TABLE I. 

Triton 
(0.1%) 

0.100 ml 
0.100 
0.100 
0.100 
0.100 

Lysozyme 
(200 \ig/ml) 

___ 

0.025 ml 
0.050 
0.075 
0.100 

Distilled 
water 

0.100 ml 
0.075 
0.050 
0.025 

Protein concentration Total protein 
(\xg/ml) (\ig) 

0 0 
25 5 
50 10 
75 15 

100 20 
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C. Calculation of Data 

A standard curve may be prepared in the same manner as 
for the Lowry assay in the preceding section. When using the 
least-squares calculation, a correlation coefficient approach-
ing unity (> 0.990) is expected. 

D. Critical Comments 
Both the Lowry and Bradford procedures may be convenient-

ly used for protein determination in phagocyte lysates. They 
both suffer from interference by detergents, but at levels 
below 0.1% detergent, the problems are minimal. The choice 
of which assay to use is usually dictated by either conve-
nience or the amount of protein available for assay. The 
Bradford assay is an easy choice for convenience, since only 
one reagent is used and the reaction is complete in 5 min, 
compared to two reagents and 40 min incubation time for the 
Lowry assay. In addition, the protein-dye complex is stable 
for about an hour, thus eliminating the need for strict timing. 
However, if amounts of protein lower than about 15 yg are to 
be measured, the Bradford procedure must be modified and de-
tergent interference may become prohibitive. The Lowry assay 
is therefore preferable for samples containing 1 to 20 yg pro-
tein when detergent is present. However, the Bradford pro-
cedure, as presented here, is less sensitive to other inter-
fering reagents than the Lowry method. We routinely use the 
Bradford assay. 

When using these assays for purified protein samples, one 
should be cautioned that both assays show different color re-
sponses with different proteins, depending on the proportion 
of various amino acids present. In such instances, and when 
an accurate assessment of absolute (rather than relative) 
protein content is needed, it is a good idea to check the pro-
tein sample with a nitrogen determination (e.g., Kjeldahl). 
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