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A comparison of spectrophotometric methods of determining protein in solutions 
from absorption in the UV region has shown the advantage of a procedure based 
on measuring the optical densities at 235 and 280 nm and the possibility of 
its use for the analysis of plant proteins. 

The photometric determination of the concentration of protein in solutions is, as a 
rule, carried out by Lowry's method [i], the biuret method [2], or the binding of the pro- 
teins with dyes [3] or with a color reagent containing silver ammoniate [4]. Spectrophoto- 
metric methods are based on measuring the absorption of the protein in the near and far ul- 
traviolet regions [5] or the extinction coefficients after the proteolysis of the proteins to 
eliminate the influence of their conformational features on differential spectra [6]. An 
increase in the sensitivity of analysis in the region of absorption of the peptide bond is 
accompanied by some methodological limitations [7-11]. Absorption at 260 and 280 nm with 
calculation by means of a formula [12] or a nomogram [13] is usually employed to determine 
protein in routine analyses. In addition to the procedure mentioned, a method of analysis 
has been developed which is based on the difference in the absorption at 235 and 280 nm and 
permits the simultaneous elimination of the influence of the specific extinction of the nu- 
cleic acids and of the amino acid differences between proteins [14]. Standard proteins with 
characterized extinction coefficients were used for the development of this method. However, 
a considerable number of publications on the determination of proteins is connected with the 
analysis of solutions of heterogeneous preparations and the problem therefore arises of choos- 
ing a spectrophotometric procedure for performing measurements. In the present paper we give 
a comparative characterization of spectrophotometric procedures based on measuring absorption 
in the UV region for determining the concentrations of solutions of a number of standard 
proteins of maize (zeins) isolated from grains of different genotypes. 

Protein concentrations (mg/ml) were calculated from the values of the optical densities 
at 260 and 280 nm by means of formula (I) [12] and from those at 235 and 280 nm by formula 
(2) [14]: 

C=1.45 D2~0--0.74D~60 . (i) 

C = (D23 s -- D2~ o ) / 2 .51 .  ( 2 ) 

For a comparative evaluation of spectrophotometric methods we used proteins with dif- 
ferent quantitative proportions of tryptophan, tyrosine, and phenylalanine residues, which 
determine the characteristics of UV absorption. The results of the determinations of the 
concentrations of solutions of the proteins by the two spectrophotometric procedures in com- 
parison with those of Lowry's method [I] are given in Table i. They show that the values of 
the extinction coefficients of proteins (¢ img/ml) at 235 and 280 nm vary within wide limits. 
The mean value of the numerical coefficient K = ¢2351mg/ml - ¢2801mg/ml for homogeneous pro- 
teins is, according to [14], 2.51, while for the heterogeneous preparations used in the pres- 
ent work it was 3.01 (sample coefficients of variations 17.6 and 36.4%, respectively). It 
must be mentioned that the protein concentrations calculated by means of formula (i) exceed 
those of the Lowry determination (except for the solution of ribonuclease), and for solutions 
of chymotrypsin, lysozyme, and peroxidase this difference amounts to a factor of 2-3, which 
shows a fairly low accuracy of the method. Conversely, for protein concentrations calculated 
by means of formula (2) the deviation of the results of the analysis from those of Lowry's 
method decreases. 
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TABLE i. Determination of Concentrations of Protein Solutions and 
of Maize Zeins by Various Methods 

~otein concentration,[c~_ = ~t ~ICby f-la(__~ 2~ I Imglml[ Img/ml Im /ml __~ ~ ~:-,at-/! - 
Name E235 ) £280 K !by ~y~ Iby ~ CbvLowry CbyLowry 

I iLowry f-la (i)if-la (2] I ~ 

Chymotrypsin 
Ribonuc lease 
Cytoehrome C 
Pepsin 
Bovine serum 
albumin 
Soybean trypsin 
inhibitor 

Trypsin 
Lyzosyme 
Ovalbumin 
Horseradish 
peroxidase 
W 64A+++ 
W 64 Ao2e2o2 
A 2 0 4 + + +  
A 204o2o202 
W f 9 + + +  
Wf 9020202 
W 155--~-- 
W 155o2o2o2 

3,70 
2,72 
5,72 
3,83 

5,44 

3,67 
3,79 
6.79 
5.20 

8,13 
2,59 
3 17 
3,45 
5,26 
4.02 
4.11 
2,33 
5.2B 

1,96 
0,86 
2.32 
1,63 

1,52 

1,17 
1,85 
3,05 
1,23 

3.29 
0,73 
0,97 
1,02 
2.87 
I, 4~ 
I ,26 
0,6S 
2,06 

1,74 
1,85 
3.40 
2,20 

3,92 

2 50 
t 94 
3174 
3,77 

4 .,~4 
t .86 
2,20 
2,43 
2,39 
2,54 
2,85 
~.~ 
,)20 

0.46 
0,47 
0.25 
0,30 

0,27 

0,l,q 
0,34 
o ,38 
0.35 

0 24 
0149 
0,60 
0.49 
0,46 
0,60 
0,53 
0,69 
0,46 

0.95 
0,32 
0.44 
0,47 

0,36 

3,20 
3.60 
1.16 
).43 

), 68 
) ,32 
0.46 
0,41 
0.76 
0.55 
0,51 
0.42 
0,6~ 

0,32 
0,35 
0,34 
0,26 

0,42 

0,18 
0.26 
0,57 
0,55 

0,46 
0.36 
0,53 
0.47 
0,44 
0.61 
0,60 
0,45 
0,59 

2,07 
0,68 
1,76 
1,57 

1,33 

I . I I  
1.76 
3,05 
1,20 

2,83 
0,65 
0,77 
0,84 
1,65 
0.y2 
0,96 
0,61 
1,48 

0.70 
0,74 
1.36 
0.87 

I ,56 

1,00 
0,76 
1,50 
I .57 

1,92 
0,73 
0,88 
0,96 
0,96 
1,02 
111 
0.65 
1,28 

For the alcohol-soluble proteins of maize (zeins), which lack tryptophan, the values of 
the calculated coefficients K vary to a smaller degree than for the standard proteins (coef- 
ficient of variation 20.0%; mean value of K 2.39), a smaller deviation from the results of 
Lowry determinations is observed (Table i). At the same time, the accuracy of the determina- 
tion of protein from the difference in the optical densities at 235 and 380 nm is higher than 
that obtained in calculation by means of formula (i) using the D2s 0 and D260 values. 

EXPERIMENTAL 

Standard proteins were used without additional purification: bovine serum albumin, 
ovalbumin, lysozyme, pepsin, and cytochrome c from the Olaine Chemical Reagents Factory; 
chymotrypsin, ribonuclease, soybean trypsin inhibitor, and horseradish p~roxidase from Reanal 
(Hungary); and trypsin from Spore (Czechoslovakia). 

Solutions of the standard proteins were prepared in triplicate (concentration 0.5 mg/ml). 
The peroxidase preparation was dissolved in an acetate buffer (pH 5), the bovine albumin and 
the lysozyme in a phosphate buffer (pH 7.9), and the other proteins in water. The zeins were 
isolated from flours of initial lines (+++) of maize W 64 A, A 204, Wf 9, and W 155 and cor- 
responding lines mutant with respect to the opaque-2 gene (o2o2o2) by extraction with 70% 
ethanol followed by precipitation with acetone [15]. Solutions of the zeins in 8 M urea (i 
mg/ml) were prepared for the measurements. 

The optical densities of the solutions were determined on a Specord M40 spectrometer in 
a l-cm cell using a program of measurements consisting of three blocks for the values of the 
analytical wavelengths (235, 260, and 280 nm). The calculation of the protein concentrations 
by formulas (I) and (2) and the statistical treatment of the results were performed on a SM-4 
computer by a program that had been developed. 

SUMMARY 

It has been established that a spectrophotometric procedure based on the difference in 
optical densities at 235 and 280 nm permits the determination of protein concentrations with 
greater accuracy than calculation from the optical densities at 260 and 280 nm. Using zeins 
as an example, the possibility has been shown of using the procedure for analyzing plant 
proteins. 
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A comparative study has been made on zein preparations isolated from gluten by 
extraction with 70% ethanol and precipitation under various conditions; by di- 
alysis, and by the addition of a 0.i M solution of sodium sulfate or of acetone. 
An investigation of absorption spectra and of electrophoresis in polyacrylamide 
gel has shown the advantage of the method using acetone for precipitating the 
protein preparation. 

Zein is the alcohol-soluble protein of maize [i]. Industrially, it is obtained by ex- 
traction with aqueous alcoholic solutions from gluten - a by-product of the maize starch in- 
dustry [2]. The degree of purification and the characteristics of the zein depend on the 
conditions of extraction and precipitation [3]. There have been limited physicochemical in- 
vestigations of preparations obtained by different methods [4]. 

In the present paper we give comparative characteristics of zein preparations isolated 
by extraction with 70% ethanol from gluten followed by precipitation under various conditions. 
Precipitation was performed by dialysis of the aqueous alcoholic extract obtained and also 
by the addition of 0.1 M NaCI solution or of acetone. 

As an index of the degree of freeing of the zein from nonprotein substances it is possi- 
ble to use the ratio of the optical densities at 277 and 255 nm (D2v2/D2s s) and also those 
at 277 and 320 nm (D277/Da20) [5-7]. The value of 255 nm corresponds to the position of the 
minimum and that of 277 nm to the maximum in the UV spectrum of zein after purification [5], 
while at -320 nm there is an inflection in the main absorption band connected with the pres- 
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