
Assays for Total Protein 

Total protein assays are used to analyze hundreds of industrial, agricultural, and biotech- 
nology products. They are also basic for research purposes, especially for determining 
the specific activity (i.e., total activity/total protein) of enzymes, antibodies, and lectins. 
Clearly, accuracy and precision of specific activity measurements depend as much on 
accurate measurement of total protein as on determination of total activity. 

In performing total protein assays, there are five issues of concern: (1) sensitivity and 
technique of the method, (2) clear definition of units, (3) interfering compounds, (4) 
removal of interfering substances before assaying samples, and (5) correlation of infor- 
mation from various techniques. These concerns are discussed at length in the Comrnen- 
tary of this unit. 

This unit describes three copper-based assays to quantitate total protein: the biuret method 
(Basic Protocol 1). a variation of the Lowry method (Hartree-Lowry method; Basic 
Protocol 2), and the bicinchinonic acid (BCA) assay (Basic Protocol 3). Acid hydrolysis 
of a protein is coupled with ninhydrin detection to quantitate amino acid content of a 
sample (Basic Protocol 4). Ultraviolet spectrophotomet~y is used to measure total protein 
(Basic Protocol 5) and evaluate samples for the presence of contaminants. The Coomassie 
dye binding, or Bradford, assay (Basic Protocol 6) is a quite simple &$say and frequently 
is quite sensitive, although it sometimes gives a variable response depending on how well 
or how poorly the protein binds the dye in acid pH. Finally, dry weight measurement 
(Basic Protocol 7) is used to quantitate pure protein. Support protocols describe a 
technique for heat sealing glass tubes (Support Protocol 1) for acid hydrolysis, sample 
dialysis in polyacrylamide gel wells to remove low-molecular-weight contaminants 
(Support Protmol2), and TCA p~ecipitvtion to precipitate and concentrate proteins and 
remove low-molecular-weight contaminants (Support Protocol 3). 

BNRET ASSAY FOR QUANTITATION OF TOTALPROTEIN 

Riuret assays are the oldest and least sensitive assays for total protein among the 
colorimetric (spcctrophotometric) methods. Nevertheless, the biuret assay is still fre- 
quently used because it is easy to perform, reagents are easily prepared, and the assay is 
markedly less susceptible to chemical interference than other copper-based assays. The 
assay is based on polypeptide chelation of cupric ion (colored chelate) in strong alkali. 
Catalog listings fot many commerciauy available proteins and enzymes include their 
specific activities based on biuret protein (mg-biuret-protein-'). In general, biuret assays 
are useful for samples containing -1 to 10 mg proteinlml, which is diluted -5-fold by the 
added reagent to give a concentration of 0.2 to 2 mglml final assay volume (f.a.v.). Most 
proteins produce a deep purple color, with maximum absorbance (L,) at 550 nm. 

Materials 

Calibration standard: e.g., 10 to 20 mglml BSA (see Table 3.4.1) 
Buffer or solvent used to prepare the protein-containing sample 
Sample containing protein at 1 to 10 m g l d  
Biuret reagent (see recipe) 
Spectrophotometer and I-cm cuvettes 

1. Prepare adilution series of calibration standard in the buffer or solvent used to prepare 
the sample. 

Use bovine serum albumin (crystallized or lyophilized or one of the Cohn Fraction V 
preparatiorrs which are 96% to 98% protein and 3% to 4% water; Sigmri)jor the 
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Table 3.4.1 Slopes of Calibration Plots for the Biuret Assap 

Slope 
Protein Assay conditions [A650 (pglml 

f.a.v.)-Icm-I] 

BSA 2.3 x lo4 
BSA - 2.6 x 1P 
BSA Glucose 2.7 x lo4 

concentration 0.4 
to 400 mM 

BSA - 2.7 x lo4 
P-lactoglobulin - 2.5 x lo" 
Cellulase enzymes - 2.2 x lo4 
B S A ~  - 3.2 x 10" 
BSAc - 1.9 to 2.8 x lo4 
B S A ~  - 2.3 x lo4 

oAbbreviations: BSA, bovine serum albumin; f.a.v., final assay volume. 
"Wattas (1978). 
=Goshev and Nedkov (1979). 
$eyer (1983). 

calibration standard Concentrations of albumin in thefinal assay volume (fa.v.) of 5 
ml m a y  rangefrom -0.40 to 2.50 mg protein/ml-to produce Asso readings from -0.10 
to 0.70 in I-cm. cuvettes-so the dilution series should runfrom 2 to 12.5 mg/ml. 

2. In separate test tubes, add 1 ml of protein-containing sample, of each dilution of the 
calibration standard, or of the buffer or solvent used to prepare the sample (reference 
standard) to 4 ml biuret reagent. Incubate 20 min at room temperature. 

The modest amounts of detergent (e.g., deoxycholate or SDS) used to help solubilize 
proteins from tissue or insoluble biomaterials that will be added with the pmtein 
sample have negligible effects on this assay (see references in Table 3.4. I ) ,  although 
they sometimes have marked effects on the Hanree-Lowry assay (Basic Protocol 2). 
Mild reducing agents and strong oxidizers adversely affect the assoy. 

3. Measure the net absorbance of the sample, calibration standards, and reference 
standard at 550 nm (A,,,) in 1-ml cuvettes. If the spectrophotometer does not 
automatically give net absorbance readings, subtract the value of the reference 
standard from those obtained for the sample and calibration standards. 

Sample should not be diluted after the addition of biuret reagent. In general, reaction 
mixtures for spectrophotometric assays should not be diluted afer development even 
if the color (absorbance) is too intense. Dilution will decrease the required excess of 
cupric ~ U I I .  lhus upselring chernicul eyuilibriu. IJ rhe sumnple i~us  an Asso > I  or 2 
(depending on the spectrophotorneter), dilute a sample of the original protein and 
repeat the assay 

4. Prepare a calibration plot by graphing the net A,,, values for the standards versus 
protein concentration ( ~ g  proteinlml f.a.v.1. Determine the protein concentration of 
the sample by interpolation from the plot. 

Plot the data as shown in Figure 3.4.1 and calculate the slope and its units. (The plots 
in this unit show net absorbance as the ordinate.) The slope of this plot is directly 
proportional to the apparenrspectrophotomerric absorption coeficient (the sensitivity 
of the assay) in the same units. 
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1 
Figure 3.4.1 Biuret assay calibration plot using bovine serum albumin. Slope = 2.26 x 1 o4 AssD 
( ~ g  proteinlml f.a.v.)-' cm-'. 

HARTREE-LOWRY ASSAY FOR QUANTITATION OF TOTAL PROTEIN 

The original Lowry method for total protein analysis was first described in one of the 
most cited papers in biochemistry (Lowry et al., 1951). The assay is a colorimetric assay 
based on cupric ions and Foh-Ciocalteau reagent for phenolic groups. The assay has 
been reinvestigated many times and sometimes improved. Most of these studies were 
designed to discern how interfering compounds distort the assay and how detergents 
solubilize otherwise insoluble proteins. The literature related to this assay was compre- 
hensively reviewed by Peterson (1983). This protocol describes Hartree's version of the 
Lowry assay [Hartree, 1972). This version uses three reagents instead of five, produces 
more intense color (increased sensitivity) with some proteins, maintains a linear response 
over a larger concenhation range (30% to 40% greater), is less easy to overload, and 
overcomes the reagent salt coprecipitation encounter with Lowry reagents. Finally, the 
reagents formulation offers some advantages in storage stability. It is somewhat less 
laborious than the original Lowry assay, and it maintains the sensitivity of the original. 

Materials 

Calibration standard: 300 pg crystalline BSA per ml in water 
Buffer or solvent used to prepare the protein-containing sample 
Sample containing protein at 100 to 600 pglml 
Harhee-Lowry reagents A, B, and C (see recipes) 

50°C water bath 
Spectrophotometer and 1-cm cuvettes 

1. Prepare a dilution series of calibration standard in the same buffer or solvent used to 
prepare the sample to give concentrations of 30 to 150 pglml. 

BASIC 
PROTOCOL 2 

Detection and 
Assay Methods 

Comnr Protncols in Protein Science 



Assays for 
Total Protein 

I Concentrations of albumin in thefinal assay volume Ga.v.) of 5 ml may rangefrom 
-30 to 300 pgprotein/5 m1ja.v. to produce readings from -0.20 to 0.80. 

2. Add 1.0 ml of the protein-containing sample, of each dilution of calibration standard, 
or of the buffer or solvent used to prepare the sample (reference standard) to 0.90 ml 
of Hartree-Lowry reagent A in separate test tubes. Incubate 10 min in a 50°C water 
bath. 

3. Cool the tubes to room temperature. 

4. Add 0.1 ml of Hartree-Lowry reagent B to each tube and mix. Incubate 10 min at 
room temperature. 

5. Rapidly add 3 ml Hartree-Lowry reagent C to each tube and mix thoroughly. Incubate 
10 min in a 50°C water bath, then cool to room temperature. 

Thefinal assay volume is 5.0 ml. 

6. Measure the net absorbance the sample, calibration standards, and reference standard 
at 650 nm (A,,) in 1-cm cuvettes. If the spectropbotometer does not automatically 
give net absorbance readings, subtract the value for the reference solution from those 
obtained for the sample and calibration standards. 

7. Prepare a calibration plot by graphing the net AsM values for the standards versus 
protein concentration (pg protein15 ml f.a.v.). Determine the protein concentration of 
the sample by interpolation from the plot. 

Plot the data as shown in Figure 3.4.2 and calculate the slope and its units. The slope 
of a calibration plot is proportional to the spectrophotometric absorption coeficient, 
and is a measure of the sensitivify of assay over the range indicated on the horizontal 
axis. Comparisons can be made with other measures, such as the weight absorption 

0 20 40 60 80 100 120 

11g serum albumin in 5.0 rnl f.a.v. 

Figure 3.4.2 Hartree-Lowry assay calibration plot using bovine semm albumin. Slope = 2.5 x lo-' 
A,,, (kg proteintml 1.a.v.)-' cm-'. 
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The units in thisprotocol, pgprotein/mlfinal assay volume (fa.v.), are used to permit 
comparison with values in the literature. It is not always clear whether the milligram 
or microgram amounts of protein indicated on the ares of these plots refer to the 
concentration in the input sample or to thefinal concentration after the addition of 
reagent(s). DDifSences in volrimes of input versusfnal developed samples frequently 
involve dilution factors of 10' to lo2. As an example, the El9" values in the original 
report describing this procedure (see Table 4 in Lowry et al., 1951) are -230 at 750 
nm with 3-mm pathlengths. These values c m  be converted to units presented in this 
protocol by reconcilin~ the two meansfor expressing the slopes (see Equation 3.4.1). 

BICINCHINONIC ACID (BCA) ASSAY FOR QUANTITATION OF 
TOTAL PROTEIN 

The bicinchinonic acid (BCA) assay for total protein is a spectophotometric assay based 
on the alkaline reduction of the cupric ion to the cuprous ion by the protein, followed by 
chelation and color development by the BCA reagent. Either a micro or a semimicro 
procedure, the latter generating a final assay volume of 2 or 3 ml, may be used; the 
semimicro procedure is most frequently used. 

The BCA assay for total protein is somewhat variable: it has differing sensitivities m 
response to incubation time, incubation temperature, standard proteinusedfor calibration, 
and other factors (Smith et al., 1985). Certain classes of compounds such as reducing 
sugars and ammonium ions interfere with the assay, sometimes severely. However, if 
interfering compounds are eliminated (e.g., by dialysis; see Support Protocol 2). the BCA 
assay has a good combination of sensitivity and simplicity, and it has some advantages 
over the Lowly technique (see Background Information). 

Materials 

Calibration standard: 1 mg BSAIml 
Buffer or solvent used to prepare the protein-containing sample 
Sample containing protein 
BCA reagent Alreagent R mix (see recipe) 
Spectrophotometer and cuvettes 

1 .  Prepare adilution series of calibration standard in the buffer or solvenl used to prepare 
the sample lo cover the range 0.2 to 1.0 mg/ml. 

2a. For a 2.1-rnl Jinal assay volume: Mix 100 p1 of protein-containing sample, of 
calibrating standard, or of buffer used to prepare the sample (reference standard) with 
2 ml BCA reagent Nreagent B mix in scparate tubes. 

2b. For n 4.2-ml final assay volume: Mix 200 p1 of protein-containing sample, of 
calibrating standard, or of buffer used to prepare the sample (reference standard) with 
4 ml BCA reagent Nreagent B mix in separate test tubes. 

coeficient (El%) at the same wavelength. Units in the concentration factor in the 
denominator of El" are (dry g)/100 ml o f fnal  assay volume. 

Thejirzal assay volume depends on the size of the available cuvcttes. 
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3. Incubate the samples and standards 30 min at 37"C, then cool to room temperature. 

4. Meawre the absorbance of the sample, calibration standards, and reference standard 
at 562nm (AS6& If the spectrophotometer does not automatically give net absorbance 
readings, subtract the values for the reference standard from those obtained for for 
the sample and calibration standards. 

5. Prepare a calibration plot by graphing the net Asso values for the standards versus 
protein concentration ( ~ g  protein1mlf.a.v; see Fig. 3.4.3). Determine the protein 
concentration of the sample by interpolation from the plot. 

Figure 3.4.3 shows a calibration plot prepared using BSA as the protein standard and 
a 2.1-mlfinal assay volume (fa.v.). The slope of the plot is a measure of the sensitivity 
of the assay. The slopes ofplots such as Figure 3.4.3 are also related to the absorption 
coeficients of the colored complexes. The units attached to the slope must take into 
account the extent of dilution and be comistenr with the protocol used to develop the 
colored complexes. The value of the slope can be used to compare the different 
methods-e.g., Smith et al. (1985) compared the BCA and Lowry methods using BSA 
as calibrating prorein. For the BCA method, the slope was 1.5 x lIV2 to 2.6 x A562 
(pgprotein/mlja.v.J-' cm-'; for the Lnwry method, the slope was 1.6 to 2.3 x IIV2 A,5o 
pg protein/ml.fa.v.)' cm-'. 

! pg protein (BSA)/ml f.a.v. 

Figure 3.4.3 Bicinchinonic acid assay calibration plot using bovine seturn albumin. Slope = 1.5 x 
10 ASe2 (bg proteinlml f.a.v.)-' cm-'. 
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ACID DIGESTION-NINHYDRIN METHOD FOR QUANTITATION 
OF TOTAL PROTEIN 

In this assay, proteins are hydrolyzed to amino acids with 6% sulfuric acid at 100°C. The 
hydrolysates are neutralized and the amino acids quantitated by ninhydrin derivatization 
and specbophotometry at 570 nm (A,,,). This method is resistant to interference by 
phenolic and related compounds that may affect Folin reactiondependent analyses. 

Individual amino acids do not produce equal "color yields" upon reaction with ninhydrin. 
However, most proteins-except those with unusual compositions such as high 
hydroxyproline and proline (collagens), extraordinary sulfur contents (cysteine; e.g., 
alcohol dehydrogenase and thionein), or densely glycosylated proteins (e.g., invcrtasc and 
glycophosin)-give reasonable results usingleucine as a calibration standard. Ammonium 
ion generates strong color with ninhydrin, nearly equivalent to that produced by leucine. 
However, TCA precipitation of the proteins prior to acid hydrolysis will remove NH4+, 
which will be left in the supernate (see Support Protocol 3). 

Materials 

HzSO4 
NaOH 
Sample containing protein 
Calibration standard: 0.2 mglml leucine, diluted M to 'ho 
Ninhydrin reagent (see recipe) 
Isopropanol diluent: 50% (vlv) isopropanol in water 

Heat-sealable tubes 
100°C water bath 

1. Based on the percentage H,SO, (e.g., 6%) to be used in this assay, determine the 
volume of NaOH required to neutralize the reaction. 

For example, 6% H2S04 is -2.3 N (H+), so it would take -15.3 ml of 6% (w/v) NaOH 
(1.5 N) to completely neutralize 10 ml of 6% HZS04. 

11z this protocol, % HHZS04 refers to a v/v dilution of concentrated H2S04. 

The total volunze of the reaction mixture afrer the addition ofacid base, and ninhydrin 
reagent to a protein solution containing I0 to 20 mg protein should be close to 3 but 
no more than 6 ml. Ifnecessa~y, use more concentrated acrd and base solrrtions to 
prevent excessive dilution of the sample. 

2. In a heat-sealable hlbe, add H2S0, to an 0.02- to 0.05-mg protein sample to give a 
final concentration of 3% acid. Seal the tube under a nitrogen blanket (see Support 
Protocol 1) and incubate 12 to 15 hr (overnight) at 100" to 105'C. 

Protein in aqueous solution may be used directly $it does not contain many additional 
umirro acids arzd oligopcpfidcs. If thc sample is dil~cte or confain. rontnminanls or 
intetfering compound.s, the protein can be precipitated and concerztrated using TCA 
(see Support Protocol3). Ajier the supernatant is removed, 3% HZS04 can be added 
directly to the TCA precipirate for hydrolysis. 

3. Open the tube and add the appropriate volume of 6% NaOH, as determined in step 
1, to neutralize the H2S0, used in hydrolysis. 

4. Add 2 rnl ninhydrin reagent to the neutralized sample, and to equal volumes of diluted 
calibration standards, and of the buffer (reference standard) in separate test tubes. 
Incubate the mixture 20 min in 100°C (boiling) water bath. Cool to room temperature. 

Calibratinn and reference standards should be l i ~ h t  blue, samples a darker purplish 
blue. Very dark .samples should he diluted by a factor of 2 to 5 with isopropanol diluent 
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(dilute all standards to the same extent). Dilution may be pe?jformed after incubation 
with rhe reagent, and it is not necessary to repeat the arsay in such cases. 

6. Measure the net absorbance of sample and calibration and reference standards at 570 
nm (A,,). If the spectrophotometer does not automatically give net absorbance 
readings, subtract the value for the reference standard from those obtained for sample 
and calibration standards. 

The absorbance of a sample dominated by hydroxyproline andproline may be readat 
440 nm; a separate set of calibration standanis should be prepared with these amino 
acids. 

7. Prepare acalibration plot by plotting the adjusted values versus protein concentration 
( ~ g  proteinlml f.a.v.). Determine the protein concentration of the sample by interpo- 
lation from the curve. 

The slope of ninhydrin color yield (A5701 with most amino acids is 20 to 25A570p01 
amino acid/mlja.v.~' cm-'. As a general guide, use 0.02 to 0.05 mgproteinper assay. 

HEAT SEALING GLASS TUBES 

For acid hydrolysis at 100" to 104"C, air (oxygen) should be excluded and evaporation 
should be prevented by carrying out the hydrolysis in sealed tubes. Ordinary glass test 
tubes, -10 to 12 mm diameter and 10 cm long, can be used for this purpose. Figure 3.4.4 
summarizes the procedure. 

glass rod / 
heat with 

Pyrex test tube a hot flame 
5 t o i O m m 1 d  

apply heat 
around the tube 
to collapse it 
evenly inward 

seal, marntalnlng anneal 112 mln. 
dppruxlllldle wdll then cool (orange) 

thickness flame 

Figure 3.4.4 Heat sealing test tubes for hydrolysis. 

Current Protocols in Protein Science 



Materials 

Pyrex glass test tube, 10 to 12 mm diameter x 10 cm long 
Nitrogen gas 
Glass rod 
Gas-oxygen flame source 
Triangular file 

1. Set a Pyrex test tube containing sample to be hydrolyzed in ice and briefly blanket 
the tube with nitrogen gas. 

CALJTION: Adjust the force of the nitrogen streom carefully to avoid splashing the 
acid solution. out of the tube or up the sides ofthe tube. 

2. Using a gas-oxygen flame, fuse a small glass rod to the lip of the test tube to act as a 
handle. 

3. Use the flame to apply heat around the body of the tube, -2 cm below the lip until 
the tube softens and collapses. 

4. Slowly withdraw the "handle" and the scrap upper end, maintaining test tube wall 
thickness around the seal. 

5. When the seal is fused, reduce the flame temperature down to an orange, then a red 
flame and continue to flame the seal for -M min. 

This should anneal the glass. Do not build a thick seal, which is likely to crack, or 
draw out the seal s o  that it becomes thin and likely to blow out. 

6. After acid hydrolysis, break the tubes open as follows. F i s t  make a deep scratch with 
a sharp triangular file, about one-third nf the way around the tube. Then heat a glass 
rod until it is white hot, wet the scratch, and apply the white-hot glass rod to the 
scratch. 

This quire reliably  crack^ the tube all mund and the top easily lips off 

ULTRAVIOLET ABSORPTION TO MEASURE TOTAL PROTEIN 
Proteins contain tyrosine a id  tryptophan side chains that are fairly strong absorbers of 
lighl in the 275- to 280-nrn (ultraviolet) region. Consequently. after suitable dilution to 
produce on-scale absorbance readings, total protein can be estimated fromUV absorbance 
spectra using quartz or fused silica cuvettes. Phenylalanine, which ha5 an aromatic side 
cham, is only weakly absorbing and is usually neglected for most purposes. Weight 
absorption coefficients, El'" values (concentration of protein in dry grams per 100 ml 
volume or weight/volume percent) range between -3 and 30 A,,, units (gm1100 ml)-l 
cm-' for most proteins. A useful survey of E" values for individual proteins at 275 to 280 
nm is available in Sober (1970). If the molecular weight urp~otcins is h o w n ,  thc molar 
absorption coefficient, in moleslliter is related to the E" values at the same wavelength, 
by Equation 3.4.2. 

10 E~ = E x molecular weight 

Equation 3.4.2 

Molar absorption coeff~ciicnt can be calculated from amino acid composition based on 
tyrosine and tryptophan contributions to the total molecule. The E,,,.,,, values for tyrosine 
(in neutral or acidic solution) and for tryptophan are close to 1470 and 5700 absorbance 
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units M-' cm-', respectively. There are minor variations in these values depending on the 
peptide and the solvent (Bencze and Schmid, 1957). 

For example, an 0.04% to 0.12% solution of protein having 4 to 12 tyrosine groups, 2 to 
6 tryptophans, and an E,, value of -8, should have an AZ0 of -0.2 to 1 with a 1-cm path 
length cuvette. Hence UV absorption around the 280-nm band provides a fairly sensitive, 
convenient means for detecting and quantitating pure proteins or mixtures of pure proteins 
having concentrations in the range of 0.1 to 1 mglml. 

Materials 

Protein sample, pH <8 
Fused-silica or quartz cuvettes 

1. Turn on the spectrophotometer, set the wavelength to 280 nm, and allow it to warm 
up 30 min. 

2. Dilute the protein sample, if necessary, to give an A,, between 0.2 and 1. 

Some spectrophotometers may give precise measurements of A2@ up to 2 absorption 
units but in general, conditions and concentrations should be adjusted so the instru- 
ment is not forced to read absorbances >0.9 to 1.0. 

3. Read the absorbance of sample and reference standard (buffer or solvent) at 280 nm 
in fused-silica or quartz cuvettes. 

Glass andplastic cuvettes are opaque below the near W range, -350 mm. 

A complete UVabsorption spectrum, -230 or 240 nm to >310 nm, may be very h e w 1  
for detecting interfering compounds. For a solution of one or more pure proteins at 
acidpll, there should be a deep hough at 250 nrri, a peak around 275 tu 280 nm, urul  

very little absorption above 31 Onm, unless the proreins contain cofactors orprosthetic 
groups. 

4. If necessary, dialyze or precipitate the sample to remove contaminants and interfering 
compounds and reread the A,,,. 

COOMASSIE DYSBINDING ASSAY (BRADFORD ASSAY) T O  
MEASURE TOTAL PROTEIN 

Coomassie dye (Brilliant blue G250) binds to protein molecules in acid pH by two means. 
The triphenylmethane group binds to nonpolar structures in proteins, and the anion 
sulfonate groups interact with protein cationic side chains (e.g., arginine and lysine side 
chains) in acid pH (Lovrien et al., 1995). The color change produced when the dye binds 
to proteins provides a measure of total protein, which is quite sensitive in the case of 
albumin and certain globular proteins (Bradford, 1976; Sedmak and Grossberg, 1977). 
The Coomassie dye-binding assay, or Bradford assay, also responds to some interfering 
substances which are generally unknown unless specifically tested for (Van Kley and 
Hale, 1977; Kirazov et al., 1993). Nevertheless, because of its apparent simplicity and 
sensitivity towards many proteins, the Bradford assay is popular and widely used. Using 
bovine serum albumin (ideally well behaved) to calibrate the Bradford assay produces a 
calibration plot with a slope of 4.5 to 5.5 x 10.' (wg proteinlml f.a.v.)-'cm-'. Hence, it is 
somewhat more sensitive, by a factor of roughly two or three, than the values generally 
quoted for Lowry, Hatree-Lowry, or BCA assays (see Fig. 3.4.2 and see Table 3.4.2). 



Mat eriaIs 

Calibration standards: 1.5 mglml BSA and 1.5 m g l d  lysozyme 
Buffer or solvent used to prepare the protein-containing sample 
Sample containing protein 
Coomassie dye reagent (see recipe) or commercial Coomassie reagent (Bio-Rad, 

Pierce) 

1. Prepare a diution series of calibration standards in the buffer or solvent used to 
prepare the sample to cover the range 150 to 750 pg proteinfml. 

Depending on the kind of protein being measured, it may be useful to calibrate with 
various proteins including proteins related to or even a purfled preparnrion of the 
protein being analyzed. For example, $collagen is the analyte, various collagens, 
high-glycine-hydronypmlinepolymers, should be used as calibrating standards. Bo- 
vine serum albumin (BSA) is often used as a calibration standard, but it has greater 
general dye-binding capacity t h  most proteins. 

2. Add 100 p1 of protein-containing sample, calibration standard, or of buffer used to 
prepare the sample (reference standard) to 5 ml Coomassie dye reagent. Mix. Incubate 
10 min at room temperature. 

The ratio of sample to reagent may rangefrom 1:20 to 1:50 (vh). A micro m y  can 
be performed using 5 to 10.d sample in 250 to 500 pl Coomassie dye reagent. 

If a commercially prepared Coomassie reagent is used, follow the manufacturer's 
instructions. 

3. Measure the absorbance of the sample, calibration standards, and reference standard 
at 595 nm (A,g,). If the spectrophotometer does not automatically givenet absorbance 
readings. subtract the values for the reference standard from those obtained for the 
sample and calibration standards. 

4. Prepare a calibration plot by graphing the net AS,, values for the standards versus 
protein concentration (pg proteinlml f.a.v.). Determine the protein concentration of 
the sample by interpolation from the plot. 

At maximalsensifivity (with BSA as a calibration standard)tke Coomassiedye-binding 
assay produces a calibration plot with a slope (sensitivity) of 4 X 1@'AB5 (pg/ml 
$a.v.)-' cm-' andfulls to a third or half of that value with less responsiveproteins. 

DRY WEIGHT DETERMINATION TO MEASURE TOTAL PROTEIN 

Drying a pmtein-containing sample in a 104' to 1M0C oven for a few hours removes 
water and volatile materials. The sample is then weighed on a balance to measure the 
aggregate weight of protein plus whatever nonvolatile material remains, such as salts and 
many buffers. 

Materials 

Protein sample 
Small weighing bottle or beaker 
104" to 106'C oven 

1. Dry a small weighing bottle or small beaker by heating it 10 min in a 104" to 106°C 
oven. 

2. Cool the weighing container in a desiccator 10 min. 

3. Weigh the container on a balance to the nearest 0.1 mg (tare weight). 
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4. Add a 0.5- to 3-ml sample of protein solution to the container. 

Buffersalts, polysaccharides, the saltforms of amino acids, andhigh molecular weight 
pigments and sugars may not be driven of f  in a 4- to 6-hr drying cycle (see step 5). 
They should be removedfrom the sample by dialysis, ion-exchange chromatography, 
orprecipitation before it is dried (see Support Protocols 2 and 3). 

5. Dry the sample and container 4 to 6 hr (or overnight) at 104" to 106°C. 

Usually it is not necessaiy to carry out more thon one cycle of drying, cooling, and 
weighing to approach a constant weight. 

Overnight drying is required for samples to 5 to I0 ml. 

6. Cool the container and reweigh it (dried weight). 

7. Calculate the dry weight of the sample as: dry sample weight = dried weight of 
container and protein -tare weight. 

Thefirst dry weights memured afer 6 hr usually remain constant, but ifvolatile salts 
such as ammonium chloride and ammoniumformate are present, the sample may have 
to be dried longer orfor more cycles to completely drive them off 

Dry weight is reliable to within -3% for net weights of 2 to 4 mgpmtein and to within 
1% to 2% for 3mgprotein.  

GEL DIALYSIS OF PROTEIN SAMPLES 

This protocol describes a simple method for dialyzing small interfering molecules and 
salts away from protein samples using an agarose or polyacrylamide gel (see Fig. 3.4.5; 
Freifelder and Better, 1982). Somewhat dense, well cross-linked gels are used to keep 
proteins from penetrating the gel while unwanted salts and low-molecular-weight com- 
pounds diffuse (am "dialy7a.d away") into the gel. This is a micro tn semimicro method, 
an alternative to conventional dialysis (Craig, 1967), and to the use of small pressure- 
membrane disposable kits or microcentrifuge filtration units withMWC0 values of 5,000 
to 10,000. 

Materials 

Polyacrylamide gel ( U N ~ I O I )  
Sample containing protein 

Small glass rods or test tubes 
Beaker 

protelns are retained 
in wells - 
low-MW compounds 
and salts diffuse 
into the gel 

cast a dense gel remove rods allow samples 
around glass rods to form wells and to dialyze 

or test tubes add samples 

Figure 3.4.5 Dialysis by out-diffusion of low-molecular-weight compounds into gels cast in small 
cavities (Beyer. 1983). 
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1. Suspend small glass rods or test tubes inside a beaker. 

The glass rods or test tubes are used to form wells that will hold the protein sample. 
Use a size that will create a well of su f i ien t  volume to hold the sample. 

2. Prepare a 12% to 15% polyacrylamide gel cross-linked with 0.8% to 1.5% 
bisacrylamide and pourit into the beaker to adepth that will provide wells of sufficient 
volume to hold the protein sample. Allow the gel to polymerize. Remove the glass 
rods or test tubes. 

In thisprocedure, the intent is toprevent theprotein from enteringthegel. Alternative&, 
2% ro 5% agarose gels may be used. 

I f  the gels are to be stored, $11 them with water to prevent drying. Remove the water 
and blot out any excess before adding a protein sample. 

3. Add the protein sample to the well and let stand 30 min to 1 hr at room temperature. 

l f the wells have a diameter >5 mm, dialyze for I to 2 hr or longe,: The rate of dialysis 
is temperature dependent, so dialysis should be carried out at room temperature or 
higher $it does not adversely affect the protein. 

4. Use a pipet to transfer the dialyzed protein sample from the well to a clean test tube 
suitable for the selected total protein assay. 

TRICHLOROACETIC ACID PRECIPITATION OF PROTEIN SAMPLES 

Trichlorodcetic acid (TCA) precipitation can be used to precipitate proteins away from 
TCA-soluble, low-molecular-weight compounds that may interfere with assays for total 
protein. The procedure may also be used to concentrate protein from a dilute aqueous 
solution. 

Add 10% (wlv) TCA to a protein sample to give a final concentration of 3% to 4% (vlv). 
Let stand 2 to 5 min at room temperature. Remove the supernatant and resuspend the 
precipitate in neutral buffer or alkali, depending on the method for further analysis. 

If the sample is to be acid hydrolyzed (see Basic Protocol 4), carry out TCAprecipitation 
in the heat-sealable tube, remove the supernatant, and dissolve the precipitate in 3% 
H,SO,. 

REAGENTS AND SOLUTIONS 
Use Milli-Q-prrrified warer or equivalent,for the preparation of all brrffer.~. For common stock 
solutions, see APPRNDIX 2E; for ruppliers, see SUPPLIERS APPENDIX. 

BCA reagent A 
1 g 4,4'-dicarboxy-2,Z-biquinoline, disodium salt (Na,BCA; Pierce or Sigma; 26 

mM final) 
2 g Na2C0,.H20 (0.16 M linal) 
160 mg disodium sodium tartrate (7 mM final) 
0.4 g NaOH (0.1 M final) 
0.95 g NaHCO, (0.1 1 M final) 
100 ml H,O 

After mixing and dissolving the components, adjust the pH to 1 1.3 f 0.2, using solid 
NaOH to increase pH or NaHCO, to decrease pH. Store this alkaline reagent in a 
plastic containcr 1 to 3 weeks at room temperature, longer at 4'C. 

Only the disodium salt ofNaz8CA is soluble at neutral pH: thefiee ucid is not readily 
soluble, even in alkali. 

SUPPORT 
PROTOCOL 3 

Detection and 
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BCA reagent B 
4 g CuS0,,5H20 (1 6 mM final) 
100 rnl H,O 
Store up to a few months at room temperature 

BCA reagent Ahengent B mix  

Mix 50 vol BCA reagent A with 1 vol BCA reagent B (see recipes). Prepare only 
sufficient mix for a few days' work because the mixture is not-stable. 

BCA reagentA/reagent B mix is light apple-green in color 

Biuret reagent 
1.5 g CuS04.5H20 (6 mM final) 
6 g sodium potassium tartrate tetrahydrate (C4H,KNaO6.4 H20, Rochelle salt; 21 
m M  final) 

300 ml 10% (wlv) NaOH (0.75 M final) 
Reboiled, cooled H,O to 1 liter 
Store at room temperature in plastic bottles 

The water should be preboiled and cooled to remove dissolved C02. 

Biuret reagent ordinarily is stable for several months. I f a  black color (due to cupric 
oxide) develops, discard the reagent. 

CAUTION: Discarded reagent and assay samples may be stored in open plastic buckets 
in a chemical fume hood to reduce volume (evaporate off water). The salts, especially 
copper; should be disposed of m hazardous waste. 

Coomassie dye reagent 
100 mg Coomassie brilliant blue G250 [0.01% (wlv)] 
50 ml95% ethanol (5% final) 
I00 ml 85% phosphoric acid (8.5% final) 
H,O to 1 liter 
Filter through Whatman no. 2 filter paper 
Store up to 1 month at room temperature in a glass container 

Coomassie brilliant blue G250 is available from Sigma (as brilliant blue Gl) ,  Bio-Rad, 
Pierce, and others. 

Hartree-Lowry reagent A 
2 g sodium potassium tartrate.4 H,O (Rochelle salt; 7 mM final) 
100 g Na2C0, (0.81 M final) 
500 ml 1 N NaOH (0.5 N final) 
H, to 1 liter 
Store 2 to 3 months at room temperature in a plastic container 

Hartree-Lowry reagent B 
2 g sodium potassium tartrate4 H20 (0.07 M final) 
1 g CuSOC5H2O (0.04 M final) 
90 ml H20 
IOml 1 NNaOH 
Store 2 to 3 months at room temperature in a plastic container. 

Hartree-Lowry reagent C 

Dilute 1 vol Folin-Ciocalteau reagent (Sigma) with 15 vol water, 

Prepare this .solution daily in 16-ml quantities or multiples thereof: Do not adjust the 
pH. 
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Ninhydrn reagent 
Solution I :  
0.2 M citrate buffer, pH 5.0 
2 1  g citric acid monohydrate (reagent grade; 0.22 M final) 
200 ml 1 N NaOH (0.4 N final) 
H20 to 500 ml 
Store at 4'C 

Solution 2 
0.8 g SnCI,.2H20 (7 mM final) 
500 m10.2 M citrate buffer, pH 5.0 (Solution 1; 0.1 M final) 

Solution 3 
20 g ninhydrin, crystalline [Sigma; 4% (w/v) final] 
500 ml 2-methoxyethanol (methyl cellosolve) 

Working solution: Mix 500 ml Solution 2 and 500 ml Solution 3. Purge with nitrogen 
and store in dark bottles at 4°C. 

The quantities of reagents can be scaled down. 

Methyl cellosolve (2-methoqethanol) ofien forms peroxides thal need to be removed 
e.g., by reflwing over tin metal and distilling. Alternatively, it can be purchased 
protected under nitrogen (e.g., from Aldrich). 111 any case, ninhydrin solutions inmethyl 
cellosolve should be purged briefly with nitrogen afier each use to exclude air: 
CAUTION: Methyl cellosolve has a boilingpoint 0 f 1 2 4 ~ C  and is rather toxic, though 
not very volatile. Large quantities should be handled in a chemicalfume hood. 
CAUTION: Ninhydrin solution stains everything with an intense purple color Always 
wear gloves and a lab coat when mixing and transferring ninhydrin solutions. Avoid 
spills. Ifskin becomes stained wash with soap and water several times per day; color 
will persist for- several days. 

COMMENTARY 

Background Information 
Many assays for quantitating total protein 

exist. Several are reliable and straightforward. 
How to chose the most suitable or optimal 
method is a recuring problem; the solution 
frequently requires the use of more than one 
riiethod orprotocol. A good strategy is tocom- 
pare the results of two methods, such as Ale" 
measurements and one of the copper-based 
chromogenic methods-assays thatrely ondif- 
ferent chemical properties. Very large differ- 
ences in total protein estimates from two or 
more methods occur with crude preparations 
from bacterial cells, cell cultures, tissues, and 
food extracts, all of which may be laden with 
interfering substances. The principle question 
is often not how sensitive a particular protein 
assay happens to be, hut rather how the assay 
is afiected by interfering substances. The pri- 
mary concern is how to maneuver around the 
interfering compounds or how to eliminate 
them altogether, using analytical protocols to 
follow the progress. Methods for dealing with 
some of the more common interfering sub- 
stances are discussed below. 

Individual total protein analytical methods 
commonly disagree with one another by as 
much as 5% to 20% even in the case of a 
well-behaved proteinnotladen withinterfering 
compounds. Disagreement in the case of crude 
samples may be much greater. There are two 
general ways to deal with such discrepancies. 
The rust is to remove interfering compounds 
that are likely to upset one, or perhaps both, 
analyses, or to resort to a third method, such as 
biuret analysis, if there is enough sample to 
resolve the differences. The second and ulti- 
mate is to conduct total nitrogen analysis, e.g., 
by the Kjeldahl method or modem versions o i  
it. It is a generally reliable practice to assume 
tbat all proteins and polypeptides contain very 
close to 16.5% nitrogen by weight, so multipli- 
cation of (he weight of nitrogen obtained from 
Kjeldahl analysis by a factor of 6.0 should 
provide a valid benchmark measure of the 
weight of protein in an ammonium salt-free 
sample. 

The protwols and related commentaries in 
this unit describe specific, frequently used 
methods for quantitating total protein. How- Detection and 
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ever, this tield is still evolving. Analytical Bio- 
chemistry frequently contains reports of new 
analytical methods, variants of existing meth- 
ods, and methods for removing interfering 
compounds. 

Recording and reporting data for total 
protein analysis 

Calibration curves for spectrophotometric 
(colorimetric) assays for total protein are al- 
most always plotted with the vertical axis in 
unitsof absorbance at theoptimum wavelength 
(Ah), which usually ranges between 0 and 1.00. 
or 0 and 2.0, depending on the spectrophotom- 
eter. The horizontal axis is usually labeled in 
unitsof protein such as pgor mg, often without 
specifying the related volume-the volume of 
sampleintroducedinto theassay orthe concen- 
tration per milliliter of sample or per milliliter 
of total away volume. If a 0.50-ml sample is 
analyzed in a colorimetric assay that adds 3 to 
6 ml of reagents, there is a z I  0-fold concentra- 
tion difference involved. For this reason, it is 
very important to be clear and specific in de- 
fining the appropriate volume units for the 
values on the horizontal axis. Clear specifica- 
tion of units for calibration curves is also im- 
portant because the numerical value of the 
slope is a direct measure of the sensitivity of 
the method and a reflection of the molecular 
cotnposition of the calibrating protein(s). 
Molar absorption coefficients at specified 
wavelengths (EX) are defined in Equation 3.4.3, 
where 1 is cuvette pathlength in cm, c is the 
molar concentration of the chromogen (moles 
liter1), and A1 is the absorbance as read from 
the spectrophotometer. In most cases, path 
length 1 = 1 cm. 

A, 
E -- 
" c x l  

Equation 3.4.3 

Because spectrophotometrv-based total 
protein analysesproduce calibration plotsofAk 
versus concentration (c) ,  the slopes of the plots 
are either directly equal to molar absorption 
coefficients (if c is in units of molarity) or 
directly proportional to molar absorption coef- 
ficients (if other units x e  used for the horizon- 
tal axis). A well-characterized pure protein 
(e.g., bovine serum albumin, BSA) used for 
calibration should produce a calibration curve 
with a slope (absorption coefficient) that is 
reasonable based on the cnmposition of the 
protein for the chromogcn or prochromogcn. 

BSAhas close to 18 phenolic (tyrosine) groups 
per protein molecule. Calibration of a proce- 
dure such as the Folin assay that depends on 
phenolic side chains should respond at least 
semiquantitatively to theprotein'scomposition 
.as well as its concentration variation. Folin 
assays for phenolic (and cresol) compounds 
produce E.IW values in the range 7500 to 8500 
M-' cm-'; the Folin "color yield" for BSA 
should be withinf5% of the value for anequiv- 
alent number of cresol side chains. 

Careful performance of total protein assays 
and recording of the results are helpful for two 
reasons. First of all, information from the cal- 
ibration curve can be compared to known ab- 
sorption coetficients for purified or partially 
purified proteins to evaluate the accuracy of the 
assay. Second, theresultscan beused asaguide 
inplanningadditional experiments tominimize 
the amount of sample protein requiredfor anal- 
ysis. Even approximate calculations of the 
amount of protein, numbers of tyrosine side 
chains in individual proteins, useful dilution 
ranges, or amounts of lyophilized protein to use 
can be helpful in the planning stages and initial 
benchwork. 

It is not necessary for the horizontal axis to 
be plotted in units of molarity. However, it is 
desirable both for planning and for crosa- 
checking results that units include a clear state- 
ment of volume so they can be readily con- 
verted to other units as needed forreporting and 
planning. One appropriate unit is pg  or mglml 
of final assay volume (per ml f.a.v.), which 
specifies the concentration of theanalyzedpr* 
tcin in the operational volume of a solution for 
spectrophotometric reading after the sample, 
reagents, and diluents have all been combined. 

Table 3.4.2 lists the slopes of calibration 
curves, equivalent to ahsorption coefficients 
and assay sensitivities, for proteins and sugars 
in some commonly used assays. For some total 
protein assays, it is a good strategy to monitor 
sugars in parallel to evaluate removal of inter- 
fering compounds. Details for total sugar and 
reducing sugar assays are outlined in Lovrien 
et al. (1987) and references therein. 

Proteins are frequently investigated and put 
into large-scale production and use before their 
molecular weights are known. However, their 
dry weights may be available. Hence the rela- 
tionship between molar absorptioncoefficients 
(EX) and weight absorption coefficients (El") 

at a stated wavelength is uscful for converting 
data using Equation 3.4.2. The molar absorp- 
tion coefficient and the weight absorption co- 
efficient are related to absorbance readings at 
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Table 3.4.2 Slopes of Calibration Plots for Spectrophotornetric Assaysu I 
Assay 

Dinitrosalicylate @NS) Glucose 5.50 A575 (mg sugarlml f.a.v.)-I cm-I 

Nelson-Somogyi reducing Glucose 6.3 x lo-3 AS, (nmol glucosdml f.a.v.)-' cm-I 
sugar 

Phennl-sulfuric acid neutral Mahnose 8.6 x 152A485 (pg sugarlml fa.v.)-' cm-I 
sugar 

Biuret protein BSA 2.3 x 1 P A S M  (pg proteidrnl f.a.v.)-' cm-' 
~artree-Lowry protein BS A 1.7 x 1W2 A 6 ~  (pg proteidml f.a.v.)-' cm-' 

Bicinchinonic acid protein BSA 1.5 x A,, (pg proteidml f.a.v.)-I cm-I 

Colorimetric microkjeldahl Ammonium 1.3 A6M (pg Lgnitgenlml f.a.v.rl ctn-' 
nitrogen sulfate 

"Abbreviations: BSA, hovine serum albumin; f.a.v., final assay volume. 

the stated wavelength h (often, the wavelength 
of an absorbance maximum or peak), to con- 
centrations, and tocuvettepathlength (1, in cm) 
as stated in Equations 3.4.3 and 3.4.4, where c 

A A ~ 1 %  =- 
c x l  

Equation 3.4.4 

is concentration in dry gllOO tnl 

Copper ion-dep~ndent assays for total 
protein 

The biuret, Lowry, and bicinchinonic acid 
(BCA) assays are all dependent on copper 
ions-xupric and cuprous ions. Prochmmoge- 
nic reagcnts used in eachcopper-based assay- 
Folin reagent, Folin-Cincalteau, and BCA re- 
agentaepend on the extent of reduction of 
cupric ion (CuZt) to cuprous ion (Cut) to de- 
velop their color (Smith et al., 1985). The 
brilliant color that BCAreagent develops is the 
result of formation of a complex with Cu+ but 
not CU*'. In turn, the amount of Cut produced 
depends on the amount of protein present, so 

color development is a measure of the amount 
of protein (see Fig. 3.4.6). 

Compounds that affect either cupric or cu- 
prous ion chemistry will interfere with the 
assays. In the BCA assay, the reagent chelates 
the cuprous ion. In the biuret assay, alkaline 
cupric ion interacts with polypeptide chains. 
The biuret reaction which is based on the inter- 
action of the cupric ion with the imide form of 
the polypeptide in strong base to ionize the 
proton off the polypeptide amide group, may 
be a precursor to more strongly chromogenic, 
later- developedcolor-producingreactions. Al- 
iphatic amines and ammoniaor ammonium ion 
are strong ligands for copper, at least for CuZ+. 
Reducing agents such as glucose can certainly 
be expected to interfere with these assays. Pro- 
teins rich in disulfide and sulfhydryl groups 
such as keratin interfere because reduced sulfur 
compounds powerfully bind to and reduce 
CuZ+. Cupric ions in general are avid coordi- 
nating metals for foreign compounds, precipi- 
tating with themor becomingreduced by them. 
Largeconcentrations of ammoniumsulfateand 
some of the phosphates used in purification 
schemes interfere with cupric ion-based chem- 
istries. A list of interfering compounds, many 

protein + Cu" -Cut FBCA-cut complex 
strong BCA 
base reagent c 

Figure 3.4.6 Reactions in the BCA assay. 
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Table 3.4.3 Interfering Compounds for Assays to Quantitate 
Total Protein" 

Assav Interfering compounds 

Biuret Ammonium sulfate 
Glucose 
Sulfhydryl compounds 
Sodium phosphate 

HartreeLowry EDTA 
Guanidine-HCI 
Triton X-100 
SDS 
Brij 35 
>0.1 M Tris 
Ammonium sulfate 
1 M sodium acetate 
1 M sodium phosphate 

Bicinchinonic acid EDTA 
>10 mM sucrose or glucose 
1.0 Mglycine 
>5% ammonium sulfate 
2 M sodium acetate 
1 M sodium phosphate 

Acid digestion-ninhydrin Ammonium sulfate 
Amino sugars 

W adsorption Pigments 
Phenolic compounds 
Organic cofactors 

Bradford >0.5% Triton X-100 
>0.1% SDS 
Sodium deoxycholate 

Dry weigh All buffer salts 

"See Smith et al. (1985) lor a more complete discussion. 

of them used as buffers or found as metabolites 
in protein technology, is presented in Smith et 
al. (1985) and briefly summarized in Table 
3.4.3. 

Biuret assay 
The biuret assay (see Bmic Protocol 1) is 

periodically r e i n ~ e t i ~ a t c d ,  using different for- 
mulations for the reagents and different pru- 
teins as calibrating standards. There are anum- 
ber of modifications for the method scattered 
through the literature (Goshev and Nedkov, 
1979). Some of these recommend the addition 
of KI, -5 g per liter of reagent (Layne, 1957). 
Differences in apparent slopes from laboratory 
to laboratoly may occur because of varying 
amounts of inert materials such a5 NaCl or 
water from incompletely dry proteins used for 
calibration. The average slope for the biuret 
assay, obtained using several globular proteins 

as calibration standards, is -2.5 f 0.3 x lod 
ASSo (pg proteidml of f.a.v.)-' cm-I, about 100 
times smallertban the Hartree-Lowry and BCA 
assays. 

Aperennial questionin totalproteinanalysis 
is the choice of calibration standard: should the 
protein be a purified sample of the protein 
nlnrlcr study or will RSAsuffice? Although it is 
m e  that some total protein assays, notably 
W-based Azso assays, are dependent on the 
amino acid composition of the protein, biuret 
cliemisUy is based on polypeptide structure, 
not the composition of side chain residues. 
Accordingly biuret assays are rather indepen- 
dent of the protein used as the calibration stan- 
dard 

The Hartree-Lowry assay 
The original Lowry method for total protein 

analysis (Lowry et al., 1951) has beenreinves- 
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Figure 3.4.7 Absorption spectra of glycyl-L-tyrosine as a function of pH (Craig, 1967). 

tigated many times to evaluate the effects of 
interfering compounds and the ability of deter- 
gents to solubilize otherwise insoluble proteins 
(reviewed by Peterson, 1983). The Hartree- 
Lowry assay (see Basic Protocol 2) yields lin- 
ear results over a wider range of protein con- 
centration, maintains the sensitivity, and is su- 
perior in the formulation of rcagents (Hartree, 
19 72). 

The bicinchinoinic acid assay 
The bicinchinonic acid (BCA) assay (see 

Basic Protocol 3 and Pig. 3.4.6) developed by 
P.K. Smith el  al. (1985) uses cupric ion in a 
biuret reaction with proteins in a strong base. 
The biuret reaction produces cuprous ion from 
cupric ion. and thecuprous ionis chelated with 
the BCAreagent. The Cut-BCA chelate is bril- 
liantly colored with an absorption peak, L,,, 
aL562nm. Therelbre,As6z isdirectly dependent 
on protein concentration, when the reaction 
conditions outlined by Smith et al. (19x5; see 
Basic Protocol 3) are maintained. 

The BCAmethod compares favorably with 
the older Lowry or Hanree-Lowry methods in 
sensitivity and convenience. The sensitivity of 
the BCA assay can he increased somewhat by 
using a higher concentration of the BCA re- 
agent (i.e., ofbicinchinonicacid disodium salt). 

However, theBCAreagent is rather expensive, 
and the fractional increase in sensitivity may 
not be wonh the increase in cost. 

The BCAassay isless susceptible than other 
assays to interference by a number of deter- 
gents. For this reason the BCA assay is some- 
times favored with detergent-loaded samples, 
e.g., mcmhrane and cellular proteins extracted 
by detergent solubilization. On the other hand, 
the BCA assay is susceptible to interference by 
reducing sugars, and even by ostensibly non- 
reducing sugars such a? sucrose (because su- 
crose releases reducing sugars on partial hy- 
drolysis; Spies. 1957). Someexperimental sys- 
tems use 10" to 1 p  M sulfhydryl reagents to 
protect proteins. These reagents can contain 
signiticant quantitites of reduced sulthvdrvl 
reagents such a? mcrcaptoethanol that react 
with cupric ion. Dialysis or other methods for 
removing organic -SH compounds from the 
sample may be required. 

In order to avoid interfering substances in 
general, and also to increase protein concentra- 
tions, powerfully precipitating agents such as 
TCA (trichloroacetic acid) may be useful (An- 
nand and Romeo, 1976; Beyer, 1983; also see 
Support Protocol 3). Most proteins in even 
dilute solution are quantitatively precipitated 
by TCA (at a concentration of a few percent), 
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is discarded, which rids the sample of most 
low-molecular-weight impurities. The TCA 
precipitate should be redissolved in base for 
subsequent BCA assay. 

Acid digestion-ninhydrin assay 
The acid digestionlninhydrin assay (see 

Basic Protocol 4; Rosen, 1957) takes consider- 
ably more time than other methods that depend 
on starting with protein samples in solution. 
This assay is useful for dried solid samples such 
as plant material because the whole sample is 
hydrolyzed under conditions that convert pep- 
tides and proteins to amino acids suitable for 
conventional chromatographic analysis 
(Marks et al., 1985). Nucleic acid bases such 
as adenine apparently do not interfere with the 
ninhydrin reaction, which can also he advanta- 
gwus  with complex samples. 

UVspectrum analysis 
The ultraviolet (W) absorption spectrum 

for a sample protein can be used to quantitate 
the protein and to evaluate the purity of a 
sample. Figure 3.4.7 shows the W absorption 
spectra for glycyl-L-tyrosine. The molar ab- 
sorption coefficient E as a function of wave- 
length h i s  dependenton pH.Theglycyl moiety 
has negligible effect on the spectra, so  they are 
close in general shape to those of tyrosine side 
chains in proteins. Tryptophan side chains (in- 
dole groups) have similar spectra at acid pH. 
However, tryptophan absorption is consider- 
ably more intense at 275 to 280 nm, by a factor 
of nearly 4. Thus, although different proteins 
have very variable tymsine-tryptophan compo- 
sitions, the general shape of their W absorp- 
tion spectra in acid are fairly close to those of 
tyrosine at neutral and acid pH. 

Proteinsinneutmlandacidsulutionsexhibit 
a deep trough in absorption at 245 to 250 nm 
Most proteins, except for heme proteins and 
proteins with cofactors such as NADH, do not 
absorb from either tyrosine or tryptophan 
above 300 to 310 nm. Increased absorption at 
<250 nm andlor 2300 nm is a strong indication 
of the presence of compounds that interfere 
with A280 measuremenls and their interpreta- 
tion. The effectiveness of techniques such as 
dialysis and size-exclusion chromatography 
for removing interfering UV-absorbing com- 
pounds can be monitored by analyzing the 
sample for absorption at 250 nm (trough), 280 
nm (peak), and 300 to310nm (residual). Ratios 
of these absorhances are often used to deter- 
mine whether the UV spechum is that of pure 

or  contaminated protein. For example, the 
peak/trough ratio (AzsdAzso) for proteins in 
neutral and acid solutions is almost always 22. 

When a protein solution is shifted from 
acidic to alkaline pH, the absorption spectrum 
for tyrosine changes radically due to alkaline 
ionization of the tymsine hydmxyl group. The 
maximum change in absorption occurs at 295 
nm, with a AE295 of 2470 M-I cm-I. Proteins~ 
absorb rather little at 295 nm, except for some 
conbibution by tryptophan goups.  However, 
titration of trytophan side chains does not pro- 
duce a shift in Azss. so obsenration of changes 
in A295 with changing pH can be ascribed to 
tyrosine in the absence of interfering com- 
pounds that behave similarly to tyrosine. Anal- 
ysisof UVabsorption spectra, especially at 280 
and 295 nm, for a purified protein under acid 
and alkaline conditions can be used to charac- 
terize the tyrosine and tryptophan content of 
the protein (Bencze and Schmid. 1957). With 
care, both tyrosineand tryptophancan bequan- 
titated by theBencze-Schmid method to within 
3% to 4% of values obtained from complete 
analysis of amino acid content by hydrolysis 
and chromatography (Stein and Moore, 1954; 
Chang, 1992). 

A number of sophisticated UV spectmm- 
based methods for protein quantitation and 
characterization use absorption at 205 nm and 
224 to 236 nm (Benczeand Schmid, 1957), and 
second-derivative spectra of enzymatic digests 
of proteins (Bewley, 1982). See ONIT 3.1 for 
additional information and discussion. It is nec- 
essary to remove oxygen from the spectmpho- 
tometer by nitrogen purging for rnea3urements 
at very low wavelengths ("hard" W, a 2 0 n m ) .  

All proteins absorb strongly at 205 nm, so 
at first glance this seems an attractive means 
for quantitating protein. However, most pub- 
lishedmethods describing hard Wabsorbance 
are based on the behavior of pure, mostly sin- 
gle-subunit proteins. Buffers with carbonyl 
groups and many other impurities also become 
strongly absorbing in the hard W range, and 
the problems of conventional W absorbance 
are magnified in the hard UV range. 

Coomassie dye binding assay (Bradford 
assay) 

Coomassie blue dye (see Basic Protocol 6) 
produces a rather large absorption spectrum 
shift in the visible-light range when it hinds to 
many globular proteins. The strong binding 
forces are partly, but not entirely, due to elec- 
trostatic attraction between dye molecule sul- 
fonate groups (two on the G250 dye molecule) 
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and cationic groups of proteins when they are 
made quite acidic. The pH of the reaction mix- 
ture is low enough to thoroughly convert pro- 
teins to cations, but not so low that any su l f e  
nate groups can become neutralized. The low 
pH of -0.8 Mphosphoric acid also causesmost 
proteins to expand so thatthey becomeexposed 
to the triphenylmethane, organic, and nonpolar 
sectors of the dye to enhance binding (Craig, 
1967). Proteins that do not hind anionic dye, 
even in very low pH, may not bind Coomassie 
dyes. Early research nn Cnnmaqsie dye-based 
protein aysays used globular proteins, which 
are known to avidly bind dye and other similar 
anions such as detergent anions (Edsall and 
Wyman, 1958). Albumin, hemoglobin,chym~ 
trypsinogen, and cytochrome c, which Brad- 
ford used to calibrate the method (Bradford, 
1976), are particularly able proteins in this 
regard. However, other classes of proteins are 
quite unlike these globular, organic anion- 
binding proteins and these differences may be 
at the root of some of the failures reported for 
the Bradford method (Pierce and Suelter. 
1977). At any rate, the Bradford method is 
especially simple and has good sensitivity 
when it is calibrated with proteins to which it 
is sensitive (e.g., albumin). 

Jemejc etsl. (19Rh)compared focrrdifferent 
methods for determining total protein- 
Kje ldahl  n i t rogen,  biuret ,  Lowry, and 
Coomassie dye binding-for each of eight 
stages i n  the isolation of proteinsfrommycelia. 
They found that the Coomassie dye binding 
method often grossly underestimated protein 
content, by factors 22-fold, relative to the other 
methods tested. Although Coomassiedye bind- 
ing is an easy and convenient assay, its reliabil- 
ity must be verified for each experimental sys- 
tem. 

A similar method is the Udy dye binding 
method, which uses acid orange 12 dye, a 
sulfonated azobenzene dye. The techniques 
wasoriginally developed forfoodproteins, and 
it apparently compares well with Kjeldahl ni- 
trogen analytic criteria (Udy, 1956). 

Critical Parameters 
There are two endenlic problems in total 

protein assays. First, there is the issue of inter- 
fering compounds and how to remove them or 
minimize their effects. Sccond is the intenw 
barrage ofadvertisements for reagents for mea- 
surement of total protein; these promise sin]- 
plicity, sensitivity, and by implication suggest 
there i s  little need to consider what interfering 
compounds n ~ a y  do, how they operate, or in 

what concentratlons they operate. Incrudepro- 
teins and at many stages in protein purification, 
interfering compounds often are present in con- 
centrations one, two, or  even three orders of 
magnitude larger than protein concentrations. 
Some of the well-advertised means for measur- 
ing total proteins are based on calibration with 
pure proteins such as crystalline bovine serum 
albumin, whichcan beexpectedto behavewell. 
However, good performance in calibration 
with single, fairly pure proteins frequently does 
not translate into reliable performance with real 
samples-tangled mixtures of carbohydrates. 
lipids, and nucleic acids with proteins and gly- 
coproteins. In some cases, when samples are 
crude, approximately half the effort needs to he 
devoted to controls and to simple steps that can 
he taken to either eliminate interference or  at 
least help undcrstand it. Support Protocols 2 
and 3 dcscribe two techniques-dialysis and 
TCA precipitation-for removing low-molec- 
ular-weight interfering compounds. 

It should be noted that calibrating a total 
protein assay using a pure protein, usually bo- 
vine serum albumin, as a reference standard is 
common practice. However, that does not en- 
sure that data from crude samples, taken 
through the same procedures, accurately quan- 
titates total protein in crude samples. 

Variability in BCA analysis 
There are anumberof factorsthatcontribute 

tovariability in theBCAassay: the temperature 
and duration of the incubation step just before 
spectrophotometry, the use of too much pro- 
tein, the choice of calibration protein, and the 
presence of interfering compounds in samples 
of unknown character. It may be  helpful to 
experiment with the temperature and duration 
of incubation. Sometimes incubating the sam- 
ple 30 min at 60°C can accelerate color devel- 
opment without loss of color stability (Smith 
et al., 1985; Goldschmidt and Kimelberg, 
1989). However, incubated samples must he 
cnnled adequately before making spectropho- 
tometric measurements, because residual tem- 
peraturc gradients in the cuvettes can cause 
rdractive index @adations or striations, which 
distort the optical path producing anomalies 
and errors. These errors can be neutralized by 
remixing samples until their temperatures are 
close to the temperatureof the cuvette and they 
appear uniCoim by simple visual inspection. 

RCA calibration plots (see Fig. 3.4.3) show 
detinite curvature downward for most proteins 
i n  excess of -90 to 100 pg  proteinlml final 
assay volun~e. Such nonlinearity can occur 

Detection and 
Assav Metllnds 
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Time Considerations 
Basic Protocols 1 , 2 ,  and 3 (biuret, Hartree- 

Lowry, and B C A  assays) require one  hour for 
measuring sample, mixing, incubation, and 
reading the absorbance. Basic Protocol 4 (acid 
digestion-ninhydrin detection) requires one  
hour on the first day t o  measure the sample and 
seal the tubes, followed by anovernight hydrol- 
ysis. O n  the second day, 1 to 2 hr are required 
fo r  opening the tubes, neutralization, mixing 
reagents, heating, and reading the resulting 
color. Basic Protocol 5 (W absorption) is the 
simplest of the methods described in this unit, 
taking only about 30 min lo  make dilutions, 
warm up the spectmphotometer, and measure 
t h e  a b s o r b a n c e  curve .  B a s i c  Protocol  6 
(Coomassie dye  binding) is  also fast, requiring 
20 to 30 min. Basic Protocol 7 (dry weight 
determination) requires a long drying time (4 
h r  t o  overnight) plus 1 0  to 20 min each lime the 
container is weighed. 

Literature Cited 
Annand, R. and Romeo, P.L. 1976. Protein in fwd-  

stuffs. Amer Lnb. 8(10):37-46. 

Bcncze, W.L. and Schmid, K. 1957. Determinalion 
of tyrosine and tryptophan in proteins. Anal. 
Chem. 29:1193-1196 

Bcwley,T.A. 1982. A ~ ~ u v c l  proccdunfordctcrmin- 
ing protein concentrations from ahsorplion spec- 
tra of enzyme digcsls. Anal. Riochem. 123:55- 
62. 

Beyer, R.E. 1983. Arapid hiurct assay for protein of 
whole fatty tissues. Aml .  Biochem. 129483- 
485. 

Bradford, M.M. 1976. A rapid and sensitive method 
for quantitation or microgram quanlilies of pro- 
tcin ntili?ing the principle 01 protein-dyc hind- 
ing. Anal. Biochern. 72:248-254. 

Chmg, Y.-C. 1992. Efficient precipitation and accu- 
rate quantitation of detergent-soluhilized mem- 
brane proteins. Anal. Biochon. 205:22-26. 

Craig, L.C. 1967. Techniques for the study ul  pep- 
tides and proteins hy dialysis and diffusion. 
Methods F:nzymoI. 11370-884. 

Edsnll, J.T. nnd Wymon, J. 1958.Biophyfienl Chem- 
istly. pp. 591.594 Academic Prcss, New York. 

Freifelder, D. andBetter, M. 1982. Dialysisof small 
samples in agarorc gels. Anal. Biockrm. 123:83- 
85. 

Goldschmidt, R.C. and Kimelherg, H.K. 1989. Pro- 
tein analysis of mammalian cells in monolayer 
culture using the hicinchin~nic acid assay. Anal. 
Biochem. 177:4145. 

Goshev,I. anrl Nedkov, P. 1979. Extending the range 
of application of lhe hiuret reaction: Quantitative 
dcterminalion of insoluble proleins. Anol. 
lliuchrm. 95:340-343. 

~. 
modification of the Lowry method that gives a 
linear photometric response. Anal. Riochem. 
48:422-427. 

Jendrisak, J. 1987. Use of polyethyleneimine in 
protein purification. In Protein Purification: 
Micro to Macro (R. Burgess,ed.) pp. 75-97, Alan 
R. Liss, New York. 

Jemejc, K., Cimerman, A,, and Perdih, A. 1986. 
Comparison of different methods for protein de- 
termination in A. niger mycel ium. Appl. 
Micmbiol. Biotechnnl. 23:445-448. 

Kirazov, L.P.,Venkov,L.C.,andKirazov,E.P. 1 9 3 .  
Comparison of the Lowry and Bradford protein 
assays applied for protein estimation of mem- 
brane-containing fraclions. Anal. Biochem. 
208:4448. 

Layne,E. 1957. Spectrophotometricandturbidimet- 
ric mclhods for measuring proteins. Merhods 
Enzymnl. 3:447-454. 

Lovrien, R., Goldensoph, C., Anderson, P.C.. and 
Odepaard, B. 1987. Threc Phase Pallitioning 
(TPP) via r-butanol: Enzymes separation from 
crudes. In Protcin Purification: Micro to Macro 
(R. Burgess,ed.)pp. 131-148.AlanR.Liss,New 
York. 

Lovrien, R.E., Conroy, M.J., and Richardson, T.I. 
1995. Molecular hasis forprotein separations. In 
Protein-SolvenlInleractions (R.B. Gregory, ed.) 
pp. 521-553. Marcel Dekkcr, New York. 

Inwry, O.H.,Rosehmugh,N.J.,Farr,A.L.,andRan- 
dall. K.J. 1951. Protein medsurelnent wltb the 
Folin phenol reagent. J. Biol Chem. 193:265- 
275. 

Marks, D.L.. Buschbaum, R., and Swain, T. 1985. 
Measurement of total proteinin plant samples in 
prcscnce of tannins. Anal. Riochem. 147:136- 
143. 

Peterson. G.L. 1983. Dctcrmination of total protein. 
Mcrhod.~ Enrymol. 91 :95-I 19. 

Piercc, 1. and Sueltcr, C.H. 1977. An evaluation of 
thc Coomassie brilliant hlue C-250 dyc-binding 
method Tor quantitative protein determination. 
An01 Biochem. 81:478-480. 

Rosen, H. 1957. Amodified ninhydrin colorimetric 
analysis for amino acids. Arch. Biochem. 
Riopllys. 67: 10-1 5. 

Sedmak, J.J. and Grossberg, S.E. 1977. A rapid, 
sensilive, v ~ ~ > i l l i l ~  ~ S S D Y  for protein uzing 
Coomassic Brilliu~t blue G250. Anal. Biochem. 
79:544-552. 

Smith, PK., Krohn, R.L.. Hermanon, G.T.. Mallia, 
A.K., Gartner. F.H., Provenzano, M.D.. 
Fujimoto, E.K.. Goeke, N.M., Olson, B.J., and 
Klenk, D.C. 1985. Measurement of proteinusing 
bicinchoninic acid. Am1. Biochem. 150:76-85. 

Soher. H.A. (ed. 1970. M o l t  extinction coeffi- 
cients and El' values for proteins at selected 
wavelengths oftheultraviolet and visibleregion. 
1,z Handbook of Biochemistry. Selected Data for 
Molecular Biology pp.C71-C98.Chemical Ruh- 
her Co. Press, Cleveland. Detection and 

Assay Methods 

C:~s r rm l  Protocolr in Prolcin Science 

- 

3.4.23 

Supplement 1 



Assays fur  
Total Protein 

Spies, J.R. 1957. Colorimetric procedures for amino Watten, C. 1978. A one-step assay for protein in the 
acids. Merhods Ernymol. 3~467.471. presence of detergent. Anal. Biochem. 88:695- 

Stein, W.H. and Moore, S. 1954. The free amino 698. 

acids of human blood playma. J. Biol. Chem. 
211:915-926. 

Udy. D.C. 1956. A rapid method for estimating Conbibuted by Rex Lovrien and 
protein in milk. Narure 178:314-315. Daumantas Matulis 

VanKley, H, and Hale, S.M. 1977. Assay forprotein University of Minnesota 
by dye binding. Aml. Biochrm. 81~485.487. St. Paul, Minnesota 

3.4.24 

Supplement 1 Culrent Protocols in Pmrein Scicncc 


	01.tif
	02.tif
	03.tif
	04.tif
	05.tif
	06.tif
	07.tif
	08.tif
	09.tif
	10.tif
	11.tif
	12.tif
	13.tif
	14.tif
	15.tif
	16.tif
	17.tif
	18.tif
	19.tif
	20.tif
	21.tif
	22.tif
	23.tif
	24.tif



