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ABSTRACT 

In a previous paper we have shown that it was possible to quantify 

protein solutions at very weak concentrations directly by UV-visible 

spectroscopy. ’ Nevertheless the protein quantification could not be 
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488 BARET, ROBERT, AND CADET 

possible if there is any trace of interferents left in the solution. So it 

is necessary to eliminate all the interferents to make the measure at 

190 andlor 277 nm possible. We have developped a method based on 

the use of Microcon membranes and centrifugation. Interferents 

could be eliminated from protein solutions after four centrifugations 

at 13 000 g during 5 min. This procedure allowed the recovering of 

proteins, with 80 to 99 % yield, and thus making microquantification 

possible. 

This method is particularly interesting for enzymatic solutions after a 

purification procedure by HPLC where very tiny quantities of 

protein are recovered. This protocol has been tested on three 

enzymes ; enzymatic activity recovered after four centrifugations 

was quite high for PEPcase and malic enzyme (71 and 64 % 

respectively). 

INTRODUCTION 

Several methods of protein quantification have already been 

proposed. Among them, the Bradford ( 1976), trinitribenzene sulfate 

(Hazra et al., 1984) or bicinchoninic acid, BCA, (Smith et al., 1985) 

methods are the most recents. For almost all of these methods the use 

of chemical products is necessary leading to protein denaturation. 

In a precedent paper (Baret et al., 1997) we have shown that it was 

possible to quantify proteins directly by UV-visible 

spectrophotometry at 190 and 277 nm. These wavelengths presented 

the best correlation factor between absorbance and protein 

concentration for the 17 proteins tested. No chemical product is 
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MICROQUANTIFICATION OF PROTEINS. I1 489 

necessary for this method. However it has been tested for the 

proteins prepared in MilliQ water. When a protein protein 

purification is undertaken, buffer solutions containing salts or 
detergents are usually used. These constituants present high 

absorbance values at 190 and 277 nm. 

In this present work we have proposed a protocol to eliminate 

substances which could interfere with the quantification of proteins. 

This protocol allowed the preservation of molecule integrity 

(structure, enzymatic activity, ...). 

MATERIALS AND METHODS 

Products : MDH was from Boehringer Mannheim 

Malic enzyme, PEPcase, lactoglobulin, cytochrome c, 

chymotrypsinogen, trypsinogen, glycin, CHAPSO, Tween 20 and 

Triton X-100 was from Sigma 

Microconcentrators Microcon was from Amicon 

Centrifugation was performed on Sigma 3K20, rotor no 

12154. 

MilliQ water was obtained with the Ultra Pure water 

system Alpha Q from Millipore Inc. 

Eiizpmatic activity assay : PEPcase activity was followed at 340 nm 

with a Philips PU 8730. The reactional mixture contained PEP 4 mM 

in Tris-HC1 buffer (100 mM, pH 8) containing Mg” 5 mM, KC1 20 

mM, NaHCO, 10 mM, NADH 0.35 mM, MDH 30 units/ml and 

PEPcase 0.015 unitdm1 in a final volume of 1 ml. 

The substrate used for the MDH activity assay was oxaloacetate 1 
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490 BARET, ROBERT, AND CADET 

mM in Tris-HC1 buffer (100 mM, pH 8) containing NADH 0.35 mM 

and MDH 0.03 unitdrnl. Disappearance of NADH is followed at 340 

nm. 

Malic enzyme activity is followed at 340 nm (reduction of NADP') 

with L-malate 4 mM as substrate in Tris-HC1 (100 mM, pH 8) 

containing NADP' and malic enzyme 0.02 units/ml. 

Ititerfer-ent eliniinatiort : Protein solutions (25 pg/ml) were prepared 

in MilliQ water, salt solutions 100 mM (Tris; phosphate; NaC1, KC1) 

and detergents 1 96 (Triton X-100, Tween 20, CHAPSO). 100 pl of a 

protein solution, put down in a microconcentrator Microcon, were 

centrifuged at 13 000 g, 4"C, 5 min. After centrifugation protein 

were solubilised in 100 p1 of MilliQ water to be centrifuged again. 

Centrifugation steps are stopped when absorbance of the supernatant 

was equal to the absorbance of protein solution in water. Absorbance 

was measured with a Hewlett Packard 8453 spectrophotometer. 

RESULTS AND DISCUSSIONS 

Elintiitation protocol f o r  interferents in protein solutions 

The absorbance value of some proteins with or without salts have 

been measured at 190 nm (Table 1). These interferents presented a 

very high absorbance at 190 nm. For example, NaCl (100 mM) 

presented an absorbance value of 2.2345. This high value make the 

signal saturating in presence of proteins. Thus lactoglobuline 25 

pg/ml in water show an absorbance value of 1.6799 at 190 nm. With 

NaCI, this value gets to 2.3496. This saturation phenomenon was 
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MICROQUANTIFICATION OF PROTEINS. I1 49 1 

Chymo- Trypsin 
trypsin 

2.471 2.431 

2.5251 2.5086 

2.4939 2.3981 

-7mm 

i 2.4823 2 .538 I 

I 

TABLE 1 : Absorbance at I90 nm of different proteins solutions 

I A ( 190 nm) buffer + protein (25 pg/ml) I 

2.4585 

observed with all the proteins tested. Spectra presented in figure 1 

illustrate saturation observed at 190 nm for lactoglobuline in the 

presence of salts. 

During proteins purification protocols, the presence of interferents is 

necessary. So the direct quantification of proteins at 190 nm needs 

the elimination of these substances. 

In order to eliminate these salts we have elaborate a process using a 

combination of microconcentrators Microcon and centrifugation. 

The technical index of the Microcon membranes indicate a 

centrifugation between 3000 and 14 000 g. In order to reduce the 

time treatment, we have fixed the centrifugation speed at 13 000 g 

during 5 min. With this rotation speed, the same value of absorbance 

is observed before and after centrifugation, so that there is no 

denaturation of proteins. 
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492 BARET, ROBERT, A N D  CADET 

200 240 280 320 360 400 

Wavelength (nm) 

Figure 1 : Lactoglobulin (25pg/ml) UVhisible spectra 
Proteins solutions were prepared in : 

a - Milli Q water. 
b - Na-phosphate (1 00 mM) buffer. 
c - NaCl(lO0 mM). 
d - KC1 (1 00 mM). 
e - Tris-HC1 (1 00 mM) buffer. 

Microcon is used to concentrate, remove salt and purify tiny 

quantities of proteins. Proteins stay on the upper of the membrane 

(YM membrane type) and the salts pass in the pellet. Microcon 10 

(molecular cut of 10 kDa) have been tested with lactoglobuline (25 

pg/ml) in MilliQ water. After the first centrifugation an absorbance 
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MICROQUANTIFICATION OF PROTEINS. I1 493 

value of 0.8835 was observed for the solution in the pellet when no 

absorbance was expected in the pellet since it is supposed to be only 

water. It seemed that substances existing on the membrane before any 

utilisation was eliminated during the first centrifugation. Table IIa 

show that after three centrifugations pellet absorbance is close to 0. 

When the treatment is performed on protein solution in buffers, we 

noted an absorbance value of the pellet higher than with water. This 

is due to the elimination of the salts and of the substances inherent to 

the membranes. All the interferent was eliminated after four 

centrifugations (Table IIa). 

This protocol (4 centrifugations of 5 min at 13 000 g) allowed the 

recovering of lactoglobulin without any salts with 93 % average 

yield (Table IIa). 

The same treatment has been applied for other proteins with 

Microcon 30 (molecular cut of 30 kDa) (Table IIb). Similar 

treatment efficiency was observed. Indeed four centrifugations 

allowed the recovering of thyroglobulin without any salts with 96 % 

yield. 

Microcon 10 have been tested in the presence of detergents too. 

Results obtained for lactoglobulin and trypsin with detergents, 

CHAPSO, Tween 20 and Triton X-100 are presented in table 111. 

These detergents have been chosen because of their general use in 

protein purification processes. Absorbances values are measured at 

190 nm and 277 nm, because, as it was demonstrated in a precedent 

work (Baret et al., 1997), these wavelengths presented the best 

correlation factors between absorbance and protein concentrations 

for the whole proteins tested. Spectra (with and without detergents) 
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496 BARET, ROBERT, AND CADET 

are presented in figure 2. The same saturation phenomenon could be 

observed with detergent than with salts. 

The results are presented in Table I11 only for the measures at 190 

nm. Only CHAPS0 could be eliminated by this technic; protein yield 

is then 80 o/o for lactoglobulin and trypsinogen. It seemed difficult to 

eliminate Tween 20 and Triton X-100 from protein solutions. These 

detergents might form micelles which stay on the membrane and 

interfere in the centrifugation course. 

The protocol described above has been tested for lactoglobulin with 

very weak concentrations (10 and 3 pg/ml) in different buffers. An 

absorbance value of 0.45068 is observed with lactoglobulin in MilliQ 

water at 3 yglml concentration. With the same protein in Tris buffer 

(100 mM) an absorbance value of 2.4337 was measured. After the 

four centrifugations on Microcon 10, the solution absorbance 

dropped to 0. 42499. The lactoglobulin only is recovered with 94 % 

yield. iactoglobulin spectra registered before and after 

centrifugation at 10 pg/ml (results not shown) and 3 pg/ml (figure 3) 

showed that interferents is really eliminate during the protocol, the 

spectrum obtained after the four centrifugations match with the 

spectrum of the protein in MilliQ water. 
The protocol proposed is resumed in figure 4. After four 

centrifugations, corresponding to a treatment of 20 min, on 

microconcentrators Microcon there is a protein recovering without 

any interferents with 80 to 99 % yield. 

Application to enzymatic solutions 

The process described in figure 4 has been tested for three enzymes : 

PEPcase, MDH and malic enzyme. Results are presented in table IV. 
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I I I I I I I I I I I 
200 220 240 260 280 300 320 340 360 380 400 

I 
380 
1 
400 

Wavelength (nm) 

Figure 2 : Lactoglobulin (25pg/ml) UVhisible spectra 
Proteins solutions were prepared in : 

a - Milli Q water. 

c - Tween 20 ( ~'XO). 
d - Triton (1%). 

b-CHAPSO(I%). 

For these enzymes the protocol has been modified so as to preserve 

the enzymatic activity. We have shown above that there were 

substances on Microcon membranes which were eliminated during 
the first centrifugation step. In order to limit the number of 

centrifugations in the case of enzymes, the first centrifugation has 
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498 BARET, ROBERT, AND CADET 

200 240 280 320 360 400 

Wavelength (nm) 

Figure 3 : Lactoglobulin (3pg/ml) UVhisible spectra 

Proteins solutions were prepared in : 

a - Milli Q water before centrifugation. 
b - Milli Q water after four centrifugations. 
c - Tris-HC1 100 mM buffer. 

been realised in the presence of water alone. With the enzymes three 

centrifugations have been realised. 

Initial enzymatic activity is preserved with 71 and 64 9’0 yield for 

PEPcase and malic enzyme respectively. For MDH, the yield 

obtained after treatment is lower (23%) than with the previous two 

enzymes. 
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PEPcase 

MDH 
Malic enzyme 

499 

before centrifugation after 3 centrifugations yield 
activity (nkat) activity (nkat) % 

40 28.4 71 

44.8 10.4 23 
253.5 167.7 64 

Protein solution 

1 
protein + interferent Wl 

I 
Centrifugation I I  

3 000 g, 5 min on Microcon 

n = l  t o 4  

1 1 
pellet supernatant 

I 

I Yes 
4 

Proteins solutions 

without interferents 

Figure 4 : Elimination of interferents from protein solutions 

Table IV : Enzymatic activity before and after centrifugations on 

Microcon 
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CONCLUSION 

We have shown that interferents such as salts or detergents could be 

easily eliminated from a protein solution. The association of 

microconcentrators and successives centrifugations allowed a protein 

recovering without any interferents. As shown in a precedent paper 

(Baret er al., 1997) it is possible to establish a standard curve with 

lactoglobulin for concentrations in the range of 0 to 5 pg/ml (and 0- 

35 pg/ml). So, this method could be used for a direct quantification 

of proteins. 

The protocol proposed in this paper allowed a direct and reliable 

microquantification of proteins at 190 nm. Every protein solution, 

wether in the presence of interferents or not, can be quantified. The 

microquantification by UV spectrophotometry needs elimination of 

any part of interferents by the use of microconcentrators combined 

with four centrifugations (13 000 g, 5 min). Thanks to this treatment 

the quantification of proteins will not take more than 20 min and will 

not make use of chemical products hence reducing costs. 

This protocol could be applied to enzymatic proteins too with weak 

denaturation. Towards UV quantification, enzymatic activity is 

preserved and the denaturation is weak. This method is very 

interesting at the end of the enzyme purification procedure when 

there is tiny proteins left. There is weak loss, so it is possible to 

carried out kinetic studies with these proteins, contrary to the other 

destructive methods. 
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