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In the absorption spectra- of neutral tris-buffered solutions of 5:10~8—1.10-* M horseradish
peroxidase, beside the known bands at 270—280 and 405 nm, a band at 190 nm is reported. The
Beer—Lambert law of absorption is not valid, the molar extinction coefficients are concentration
dependent even at the lowest concentrations mvestlgated The deviation from the Beer—Lambert
law is explained by assuming the presence of aggregates. The extinction coefficient of the short wave
band at 190 nm is 1.10-10° 1-M~'cm~?! in 2-107* M solutions. Because of the invalidity of the
-Beer—Lambert law, the RZ-value (Reinheitszahl, extinction at 402  nm/extinction at 280 nm),
generally used for characterizing the purity of peroxidase, is not unequivocal.

Introduction

Comparatively few data concerning absorption of peroxidase have been published .
until now. The earliest data are due to H. THEORELL and A. MAELY [1], who gave
a relative absorption spectrum and proposed the ratio of the height of the-band at
402 nm to the height of the band at 280 nm (the so-colled RZ-value) for charac-
terizing the purity of peroxidase. K. G. PauL [2] and L. M. SHANNON at a/. [3]
found significant changes in this ratio during purification of peroxidase. Also E. M.
STRICKLAND [4] published absorption spectra, but without further explanation, as
the emphasis in his investigations was on the study of circular dichroism spectra.
The absorption spectra were measured in the wavelength range 250—450 nm, but -
the value of the molar.extinction coefficient can be deduced only in some cases,
for example at 401 nm, calculated from data of [3], it is 1.02-10° /- M~1cm™L.

As a criterion of purity was given on the basis of the absorption spectrum and
this criterion, according to the investigations in [2] and [3] seems to be problematic,
these spectra were redetermined and also the validity of the Beer-—Lambert law
for peroxidase solutions was studied. In addition, it seemed worth while to clear

up the existence of an absorption band in the region below 250 nm, where an in-
crease in absorptlon was found by earlier measurements :

Matérials and methods

Lyophilized and 3X crystallized horseradish peroxidase of the Nutritional
Biochemical Corporation (Cleveland) was used. The preparate was of 3170 units/mg
activity and of RZ=3.0 purity. Tris-buffered solutions of pH=7.0 were prepared
from the crystallized material by diluting a standard solution of 1:10-> M to the
concentrations 5-107¢, 2-1076, 1.1076, 5.1077, 2-1077, 1-1077 and 5-1078 M,
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respectively. The solutions were stored at a temperature between 0 °C and 4 °C for
about 24 hrs. before use.

Absorption spectra were measured partly with an Optica Milano (Type CF 4DR),
partly with a Unicam (Type 1800) spectrophotometer. In a series of measurements
made with 11073 M solutions the temperature dependence of the spectra in the
temperature range 10—55°C was also determmed

Results

The absorption- spectra have three characteristic bands (Fig. 1—2). In the
figures only curves of selected concentrations are presented. The maximum of the
band in the ultraviolet is-at 190 nm, that in the near ultraviolet between 270—280 nm
and the third at about 405 nm. At 500 and 620 nm there are two shoulders (see [5]).
The molar decadic extinction coefficients of the maxima in the region of shortest
waves are about two orders of magnitude higher than in the two other regions
(110-10%,2.6-10*and 7.2-10* /-M~* cm~* in the order of increasing wavelengths of

. the locations of maxima in 2-10~% M solution). The absorption spectra are plotted
with different scales according to the () values of the different spectral regions
denoted by A4, B (Fig. 1) and A, B, C (Fig. 2). The absorption spectra of the 2- 10~
and |-107%M solution are, however, continued according to the scale of section
B also in section C. The absorption is comparatively very low in the 250—450 nm
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Fig. 1. Absorption spectra of neutral tris-buffered and water
solutions of peroxidase as a function of concentration

spectral range. A similar techmque was used in the 350—700 nm spectral region
(Fig. 2).

" Under 205 nm the absorption of the tris-buffered solution cannot be determined
owing to the strong absorption of the buffer even in nitrogen atmosphere. Therefore,
in this spectrum region the absorption of water solutions of peroxidase was measured
and is shown in Fig. 1. A. :
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The. molar decadic extinction coefficients are highly concentration dependent,
revealing that the Beer-Lambert law of light absorption does not hold. This should
-be ascribed to. physical or -chemical interactions occuring between peroxidase
molecules with increasing concentration.’ o i :
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_ Fig. 2. Absorption spectra of neutral tris-buffered and water solutions
of peroxidase as a function of concentration

Discussion

" The absorption band at about 190 nm has not been publishéd hitherto. This band:
of the spectrum corresponds partly to the absorption of the peptide bonds, partly
to that of ring compounds [16]. The concentration dependence of the extinction
coefficient was not described earlier. There are only few references to the Beer— .
Lambert law in tréating the light absorption of proteins (see e.g. [1, 6]). According
to our measurements the law is valid for the phosphate buffered (pH=7.0) solution
of lysozyme in the 2-10~*M—5-10"7 M concentration range (Ema,(1)=3.5-10%
M1~ cm™1). Since the law is not.valid for peroxidase, it seems questionable whether
it is justified to define the purity of peroxidase on the basis of absorption spectra
with the so-called RZ-value [1]. According to this definition, for pure peroxidase
RZ =¢(402)/¢(280)=3.04. L. M. SHaNNON and even H. THeoreLL [1] found per-
oxidase preparations with RZ-values exceeding 3.04. Therefore, already L. M.
SHANNON et al. [3] remarked that the use of the RZ-value is not satisfactory for
characterizing the purity of the preparation. 'However, the critical remark was not
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in connection with the Beer—Lambert law. In the case of our sample, RZ-values
I. Since the absorption does not follow the Beer—Lambert law and the ratios of
absorptions measured at different wavelengths changing with the concentration were
found. These -changes are presented in- Table are concentration depe ndent, the
RZ-value according to its original definition does not seem satisfactory for charac-
terizing the purity of peroxidase.

Table I
. ) £(402) .
Dependence of RZ-values |RZ= on concentration
£(280)
c £(402) £(280) RZ
M/L (-M~1em™1) tM~lcm™Y) ) .
2-10-7 9.00 3.62 2.49
5-10-7 7.93 3.0 2.64
1-10-° 7.40 2.66 2.78
2-10-¢ 7.17 2.56 2.80
5.107¢ . 6.92 2.46 281
1-10-% 6.80 2.23 3.05

In some cases the deviation from the Beer—Lambert law can be explained by
the appearence of associates. If, however, the molecules were spherical, an aggregation
would be very difficult according to the following arguments. ‘A spherical peroxidase
molecule should have a radius r=52 A, calculated from r=1.67 (M/d)}® with the
molecular weight M=4.10* and density d=1.3g cm~3 Supposing a random’
* .distribution of the spheres, from the formula R3=3(4n-cN’)~1 [8] (where ¢ is the
" «concentration in M/l; N’=6-10% and R is the distance between two neighbouring
molecules in A), the average distance of neighbouring spheres in the 1-1075M.
solution would be R=326 A. If the distance between the centres of the spheres is
326 A, the distance between the.surfaces would exceed 200 A ; thus at this concen-
‘tration no association could occur. Therefore, it should be supposcd that either the
molecules can be better approached by ellipsoids, or some molecules are associated
:already during the dissolution of the crystalline material. Namely, with the axial
ratio 12:1:1, neighbouring ellipsoids could come into contact in the solution mentloned
above and the neighbouring molecules could form associates.

Approximate information concerning the form of the molecules can be obtained
.also by hydrodynamical methods. The constant ﬁ in the formula

sN-n 4 e
M= [ﬂ(l 5d) [m]/
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is characteristic for the axial ratio [9]. M is the molecular weight of the protein,
@ the specific partial volume, n, the viscosity of the solvent, d the density of the
solution, 1, the limiting viscosity, s the sedimentation constant, and N=6-10%,
For tris-buffered solution of peroxidase, with M=4.10%, 5=0.689 cm3 g~
s=3.5-10"Bsec, 3,=1cP, n,==1.087 cP, d=1.0012 gcm~3, f=2.6 - 10® was obtained.
The viscosities were determined at 25° C with a Hoppler viscosimeter. The densities
were measured, the other data were taken from [3] and [9]. According to H. A.
ScHERAGA [10] the axial ratio of the ellipsoid for f=2.6- 106 is 15:1:1. With respect
to the approximate character of the hydrodynamical methods, the accordance
with our ratio (12:1:1) seems to corroborate the statement that the perox1dase mole-
cule is rather well approximated by an ellipsoid.

As the Beer—Lambert law does not hold, the extinction coeﬁicnents obtained
for different concentrations are only apparent. It can be supposed that in the
5.108% M solution there are practically no aggregates. In this solution the extinction
coefficients of the band maxima of the ring compounds are £(280)=3.6.10* and
£(402)=8.5-10* 1-M~1 cm™%, respectively. According to [12] &(280)=7.10*
I-M~*cm~?! and from [4] £(402)=10.8-10* 1. M~tcm~1. The deviations are due
to differences in the preparations (in [4] Al fraction was used).

The Beer—Lambert law isnot valid even in 10~7 M solutions, in which the neigh-
bouring molecules are in a distance of more than 1000 A. Since the diluted solutions,
were prepared from a concentrated (in our case | -10~% M) solution, if we assume
that the aggregates formed in this solution are not completely disaggregated during
dilution, this violation of the Beer—Lambert law can be understood. The validity
of this explanation can be tested by studying the temperature dépendence of the
spectra. According to measurements in the temperature range 10—45° C the extinction
coefficient at 280 nm increases only by a few percents. ThlS means that the aggregates
are not easily dissolved.

It seems unusual that the Beer—Lambert law is not Vahd for 10~7 M concen-
tration ; however, this case is not unique. It is known thatin 1-10~7 M dye solutions
the Beer-Lambert law does not hold [13]. It was also concluded from fluorescence
spectra that aggregates of pigment molecules may be present in 51mllarly highly
diluted solutions’ [15].

. The deviation from the Beer—Lambert law may be in connection with the ratio
of charged and neutral amino acids in peroxidase. Though the primary structure
of peroxidase is not known in all details, the amino acid composition of the molecule
is practically clarified [7, 14]; it consists of 60 charged and 250 neutral amino acids,
the ratio of these numbers is 0.24. According to FiscHEr [11] the minimum inter- -
action energy originating from hydrophobic forces in water solutions-is attained,
if all charged amino acids are located on the surface of a sphere and the neutral
ones in the interior. For a spherical particle a theoretical ratio p=0.28 is given.
in [17] Since in our case the experimental p is smaller than the theoretical P,, the
surface is not completely covered by charged particles. Therefore, a decreas€ in
the interaction energy of solute-solvent system association may occur and the mole-
cular weight may depend on the concentration of the protein.
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_ ABCOPBLIMOHHbIN CITEKTP PACTBOPA ITEPOKCHUIA3BI
JI. Casau, 3. Bapxonu

B HeifiTpambHBIX ,,TpUC’-Oy(depHBIX pacTBOpax NEPOKCHAA3bl, INOJYYEHHOH M3 XpeHa Imp
KOHUEHTpaudsax 5-10%8—1.10-% Momb/1 B aGcoOpOLMOHHBIX CIEKTpax OOHapyXeHa, KpOMe 'M3-
BecTHBIX 270—280 m 405 HM nosoc TOTNOLIEHHs!, KoBas nojoca mpa 190 um. 3axon JlambGepra—
Eepa HE YOOBJCTHCTBOPACTCA HA B OOHOM Ciry4Yae AJis1 3THX NOJIOC, MOII?ID}{LIG SKCTHHKLIMOHHBbIC
KkoehHMIMEHTB! NOKA3LIBAIOT KOHLIEHTPALMOHHYIO 3aBACHMOCTDb AaXK€ MPH CaMBbIX GONBIUKX pa3-
baBnernsax. OTknoneHne oT 3akona Jlambepra—Bepa MoxeT 00 BICHATECH 0Opa30BaHAEM ACCOLMA-
T0B. KoedpmmenT IKCTHAKIIME pH norsiomeHrd Ha 190 HM COCTaBIISIET ISl pacTBOPa KOHLEHT-
paomn 2+10-¢ momsa 1,1-10% ;1. M. 1. cM. ~! Benencrere RenpreMITeHOCTH 3akoHa JlamOepTa—DBepa,

- 00bMHO TpHMeHseMoe RZ-uyuciio (=3KcTHHKIMA npa 402 HM/SkCTHHKUMS npA 280 HM) HE  ABIs-
€TCS OOHO3HAYHON XAapPaKTEPUCTHKOM.



