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Abstract

A direct spectrophotometric method has been developed for the determination of the
amount of proteins immobilized on bead cellulose. The method is based on dissolution
of conjugates in cadmium tris(ethylenediamine) hydroxide (trivial name, cadoxene)
that is optically transparent in the region of the UV spectrum in which proteins absorb.
The method developed for the determination of immobilized proteins is simple, rapid,
and readily reproducible. The sensitivity of the method is dependent on the A{J

lem
value of the free protein and on the amount of bound protein m (mg protein/g carrier).
In the terms of Al%, = 25 and m = 120 mg/g, the sensitivity of the mentioned
method was comparable with those obtained by amino acids analyses by the ninhydrin
reaction, by the modified Lowry reaction, or by radiometric determination. The possi-
bility of substituting the direct spectrophotometric method for amino acid analysis was
statistically cvaluated: it docs not scem to be rejected at the highest level of signifi-
cance, P < 1%. The differences in paired observations were significant, but
nonetheless proportional over the whole range of protein concentrations, making both
methods correlable. The absolute accuracy of the direct spectrophotometric method
could be influenced by the change of A{Z value during solvolysis of the conjugate
in cadoxene.

Index Entries: Immobilized proteins, direct spectrophotometric determination of;
immobilized proteins, solutions in cadoxene; protein-bead cellulose conjugate; im-
mobilization of proteins, reductive alkylation; immobilized proteins, methods of de-
termination; spectrometric determination, of protcins immobilized on cellulose; cellu-
lose, spectrometric determination of proteins immobilized on.

*Author to whom all correspondence and reprint requests should be addressed-

& Copyright 1983 by the Humana Press Inc.
All rights of any nature whatsoever reserved.
0273-2289-83.08(H-038152.60

381



382 GEMEINER AND PASTEKA

Introduction

Direct spectrophotometric determination of immobilized proteins has many advan-
tages. It is rapid and sensitive, the sample in most cases is not destroyed, and the
method provides further qualitative data. However, measurements in the UV re-
gion are connected with difficulties concerning the preparation of samples. The
most convenient mode of preparation seems to be the procedure using intact conju-
gate (/), provided that a transparent matrix employing special geometric arrang-
ements to diminish the light scattering of matrix beads is used. The other possibil-
ity is to dissolve the conjugate under conditions leading to partial degradation of
the sample (2, 3). None of the aforementioned methods can be used with cellulose
as the matrix. The cellulose in spherical, porous form (bead cellulose) represents a
matrix with multiple uses in solid-phase biochemistry and biotechnology (4, 5) and
fulfils even the most rigorous crtieria required for the enzyme/protein carrier (6,7).

Cadmium tris(ethylenediamine) hydroxide (cadoxene), as a solvent for cellulose
and proteins, is suitable for spectrophotometric measurements in the UV region
(8). The present communicatton deals with cadoxene as a solvent for direct spec-
trophotometric determination of the amount of proteins immobilized on bead cellu-
lose. The results obtained by this method have been compared with those obtained
by other stanedard methods (9): by amino acids analysis, by reaction with
ninhydrin, by the modified Lowry method, and by radiometric determination.

The conjugates were prepared by binding the protein on a periodate-oxidized
bead cellulose (OC),T followed by reduction with borohydride. Reductive
alkylation is a simple, cheap, and rapid procedure not requiring the use of highly
toxic chemicals. It can be applied for many enzymes since it is known that
e-aminolysine residues utilized for binding (/0) are not essential for the catalytic
activity of numerous enzymes. This was also proved in experiments with immobi-
lization of trypsin on different aldehyde derivatives of bead cellulose where highly
active preparations were obtained (7).

Materials and Methods

Chemicals

Macroporous bead cellulose (dry weight, 13.7-15.0% w/v) was obtained from the
Institute of Macromolecular Chemistry, Czechoslovak Academy of Sciences,
Prague. Cadoxene was prepared by the general procedure (//7) without repeated
aftersaturation with CdO. It contained 5.6-5.8% Cd, 26.4-28.2% ethylene-
diamine, and 1.6% NaOH; d*°, 1.085 g/cm®. If needed, anhydrous ethyl-
enediamine was redistilled from zinc powder.

Lysozyme (EC 3.2.1.17) from chicken egg white, twice crystallized, salt-free,
and lyophilized, was purchased form ICN Pharmaceuticals (Cleveland) and

TAbbreviations used: BSA-cel, bovine serum albumin—cellulose conjugate: LYS-cel.
lysozyme—cellulose conjugate; OC, oxidized cellulose: OVA-cel, ovalbumin—cellulose conjugate;
TRY-cel. trypsin—cellulose conjugate.
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chicken ovalbumin flakes from BDH (Poole). Trypsin (EC 3.4.21.4) crystallized
from bovine pancreas and bovine serum albumin, lyophilized and additionally
made free of fatty acids (/2), were supplied by SPOFA and SEVAC Prague,
respectively.

125]-labeled human serum albumin (37.0 MBg/mL) was delivered by INR
Swierk TN (Otwock), '#I-labeled trypsin (1.0 X 10° cpm/mg) was prepared by
iodination of trypsin with K'?°I and chloramine T (/3).

Preparation of Protein-Cellulose Conjugates

Albumins were dissolved in 50 mM NaCl, lysozyme, and trypsin in water. After
acidifying with 1M HCl the solutions were neutralized with 1M NaOH. If needed,
the solutions were centrifuged (10,000g, 10 min) and '*I-labeled protein (37-74
kBq) was added. Proteins were immobilized by reductive alkylation on a
periodate-oxidized cellulose (OC) (7). The reaction of OC with 0.5% solutions of
proteins and the subsequent reduction with sodium borohydride were accom-
plished at pH 9. The conjugates were washed successively with water, 0. 1M acetic
acid, water, 0.2M borate buffer containing 1.075M NaCl and 0.1% (v/v) Tween
20, water, ethanol, and acetone and were air-dried. The conjugates of lysozyme
(LYS-cel), trypsin (TRY-cel), ovalbumin (OVA-cel), and serum albumin (BSA-
cel) with bead cellulose were also prepared in this way.

Determination of A\%, for Proteins in Cadoxene

All UV spectra were recorded on a Specord UV VIS (Zeiss, Jena) double-beam
recording spectrophotometer equipped with a temperature cuvet holder. The solu-
tion of protein (0.4-3.0% w/v) was added to cadoxene, maintained at 25 = 0.2°C
in a stoppered quartz cuvet, so that its volume did not exceed 5% v/v. UV spectra
were recorded during 2 h at 25 + 0.2°C and absorbances read at one wavelength
were extrapolated to + = 0. These values, corrected for absorbance of cadoxene,
were used to calculate Al%, (ex). The values of absorbances obtained from the
first measurements after the addition of a protein solution into cadoxene were used
for calculation of A}%,. Concentrations of proteins in stock solutions were deter-

mined from A}%, values for aqueous solutions (Table 1).

TABLE 1
AlZ Values for Proteins in Aqueous Solutions and Cadoxene
Aqueous solutions* Cadoxene
Al‘ i/t .
Protcin Ald A, nm Conditions Al%er (ex) A, nm
Lysozyme 26.7 280 0.1M HCI 25.8 25.6 291.5
Trypsin 16.0 280 0.1M HCI 17.2 17.0 294
Ovalbumin 7.5 280 0.1M NaOH 8.55 8.4 294
Scrum albumin 6.7 279 0.1M KCi 9.0 8.6 294

“According to refs. (/4-16).
"Calculated from the Eq. (1).
‘Calculated from the Eq. (2).
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Methods for Determination of the Protein Content in Conjugates

Method A Direct spectrophotometry (cadoxene method). Suspensions of con-
jugates in cadoxene (0.2-2.0% w/v) were stirred at 25 + 0.2°C until the total dis-
solution and transferred into the tempered cuvet. The UV spectra were recorded
during 2 h, maintaining the temperature at 25 * 0.2°C. The solutions of bead cel-
lulose in cadoxene were prepared and measured in the same way. The values of
absorbances were used to calculate the protein content m (mg/g) in the conjugate
according to:

m = (A, — AJc/107°A 0z (1)

where A, and A, are the absorbance values for the solutions of the conjugate and
the cellulose, respectively, at the same concentration ¢, (g/mL), A, is the
absorbance of a 1% solution of protein in cadoxene always at the same wavelength,
and ¢; (mg/mL) denotes the concentration of this solution. The A; and A, values
were obtained from the first measurements after dissolution of the conjugate and
cellulose, respectively. The protein content m., was calculated from:

Mmex = (Ak.cx - Ac.ex)cl/lo_ 3Ap,m(CZ (2)

where Ay o and A,. ., are the extrapolated (z = 0) absorbance values of solutions
of the conjugate and the cellulose, respectively, and A,, ., is the absorbance of a
1% solution of protein in cadoxene at = 0. Both methods were also accomplished
in a simplified manner when, instead of water, the respective cadoxene solutions of
cellulose were used as the references. In this case the quantities A, and A, ., have
been omitted from the Egs. (1) and (2).

Method B Analysis of amino acids. The conjugate (25-100 mg) containing a
protein (2-3 mg) was hydrolyzed with 6N HCI (2.5-10 mL) for 24 h at 110°C in
vacuo. The mixture of protein (2-3 mg) and bead cellulose (25-100 mg), respec-
tive, was hydrolyzed simultaneously. Byproducts of hydrolysis were removed on
the strong cation exchangers (Dowex 50 W X 4, Amberlite IR-120 X 8) by elu-
tion with water. The hydrolyzates eluted with 10% pyridine/water (v/v) or 1M am-
monia after Koelsch et al. (/) were subjected to amino acid analysis (Amino Acid
Analyzator, type AAA Hd 1200 E, Czechoslovakia). The protein content was cal-
culated on the basis of at least four amino acids in the conjugates and in the mix-
tures of proteins and celluloses.

Method C  Reaction with ninhydrin. The hydrolyzates prepared for the amino
acid analysis were used. These were suitably diluted to I mL with water and after
the reaction with ninhydrin reagent (I mL), freshly prepared and free of
hydrindantine, were worked up and measured (/7). The protein content in the con-
jugate was read from the calibration curve constructed after measuring the
hydrolyzates of the mixture of protein and cellulose.

Method D Modified Lowry reaction. Prior to determination (/8), the conju-
gates (2-20 mg) were processed for activation in 1M NaOH (0.2 mL) at room tem-
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perature for 16 h. The protein solutions (5-150 uL) for calibration curves were
worked up in a similar way.

Method E Radiometric determination. Conjugates labeled with '*°I were
measured (6, 7) using a scintillation probe (typ Nal/Tl, Well) and a scintillation
counter (NZQ 717-T, Tesla, Czechoslovakia).

Statistical Evaluations

The statistical evaluations of results achieved by A and B methods were done with
a r-test applied to paired observations as well as with correlation analysis (/9). Pa-
rameters of the line equation were computed using a least-squares fitting program.

Results

Preliminary spectrophotometric measurements showed that proteins in cadoxene
solutions retained the typical absorption properties observed with their aqueous so-
lutions. The spectra of lysozyme in 0. 1M HCl and of cadoxene illustrated by Fig. 1
may serve as examples. The protein—cellulose conjugates were dissolved in
cadoxene up to the concentration of ca. 2% w/v. The UV spectra of these solutions
did not differ in their shapes from those of free proteins in cadoxene solutions as
evidenced by the spectrum of the conjugate LYS-cel in the cadoxene solution (Fig.
1). Changes in absorbances at 280-295 nm of the conjugates in cadoxene, e.g.,
TRY-cel (Fig. 2), were ascribed to changes of the protein content in the conjugate
calculated from the Eq. (1). When both the conjugate and cellulose dissolved in
cadoxene equally well, the cadoxene solution of cellulose was used as the refer-
ence solution. This was the case with TRY-cel (Fig. 2) and LYS-cel, i.e., when the
concentrations of cellulose used were below 0.5%.

The results of determinations of the protein content in conjugates by the
cadoxene and other standard methods are summarized in Table 2. The
reproducibility achieved by the cadoxene method (SE below, 3.8%) was in most
cases comparable to that of other standard methods. However, the sensitivity of
this method was lower with proteins having A}j%, <25 and m < 120 mg/g (albu-
mins, trypsin) when compared with the sensitivity of the other standard methods.
The advantage of the cadoxene method lies in the rapidity of determination as well
as in the simple chemicals and measuring instruments applied.

The cadoxene solutions of proteins were unstable as indicated by absorption

changes. This led to extrapolation in determination of A%, (ex) for proteins in

cadoxene solutions (Fig. 3). For comparison we present also the Al%, values
both for aqueous proteins solutions taken from literature data and cadoxene solu-
tions of proteins determined without extrapolation (Table 1). Changes of
absorbances in the conjugates were minimal within 2-3 h of measurements (Fig.
4). Extrapolation was chosen with regard to difficulties in establishing the moment
of dissolution of the conjugate as well as in order to eliminate the changes of

absorbances of proteins during the process of dissolution. This procedure led to the
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Fig. 1. UV spectra of aqueous solution of lysozyme and cadoxene solutions of
lysozymc and the conjugate LYS-cel. (1) lysozyme in 0.1M HCI, 0.04% w/v; reference:
0.1M HCI. (2) lysozyme in cadoxene, 0.03% w/v; refcrence, water. (3) LYS-cel in
cadoxene, 0.2% w/v; reference, water. 1.0 cm cuvet. The UV spectra were recorded im-
mediately after the addition of the protein solution (within 1 min) and dissolution of the
conjugate (within ca. 30 min), respectively.

determination of the protein content according to the Eq. (2); the results are pres-
ented in Table 3.

Results obtained with the cadoxene method (method A) were compared with
those of amino acid analysis (method B). This was done both with the pairs of
values (A/B ratio, Tables 2 and 3) and with all the group (statistical evaluations,
Table 4). The r-test pointed out that the original hypothesis concerning the
suitability of the spectrophotometric method with respect to the amino acid analy-
sis cannot be rejected at the highest level of significance P < 1% (19). The correla-
tion analysis offered linear relations with the correlation coefficients » = 0.95.

The differences in paired observations were significant (¢-test), nonetheless pro-
portional (correlation analysis) over the whole range. With respect to the parame-
ters of corresponding equations of the correlation analysis, the amino acid analysis
afforded lower values than the cadoxene method. The generally accepted view is
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that in the amino acid analysis under conditions of conventional hydrolysis, the
recoveries are often poor, especially for hydrophobic proteins (20), and that hy-
drolysis of protein-loaded polysaccharide gels gives rise to amino acid losses be-
cause of side reactions (/).

The hydrolyzates for amino acid analysis and for the reaction with ninhydrin
were processed using two combinations of cation exchanger—eluent (Table 2). The
differences in the results (TRY-cel 1, LYS-cel) exclude a systematic error. To de-
termine the amount of lysine and the number of its linkages in the conjugate, the
use of Amberlite and 1M ammonia as the eluent was found to be advantageous.

The number of linkages via lysine increased with the decreasing molecular
weight of the protein and with the increasing amount of the bound protein. Simul-

15 i I I I T T 4 L '
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1.0

0.5

0 ) ) 1
250 280

1 1 1 ] 1
300 350
Wavelength (nm)
Fig. 2. UV spectra of cadoxene solutions of bead cellulose and conjugates TRY -cel.
(1) bead cellulose; (2) TRY-cel 2, always 1% w/v: reference, water. (3)TRY-cel 2, 1% w/v
and reference, sample 1; (4) TRY-cel 1, 0.75% w/v: reference, cadoxene solution of bead
cellulose; (5) TRY-cel 3, 1% w/v: reference, cadoxene solution of bead cellulose,
32.6 = 1.7 and 37.2 = 0.3 mg/g determined by the methods B and A. The UV spectra
were recorded immediately after the dissolution of cellulose and conjugates, respectively,
in cadoxene (30 min) in a 1.0 cm cuvet at 25.0 = 0.2°C. The cadoxene solutions of bead
celluloses were prepared in concentrations corresponding to concentrations of the meas-
ured samples of TRY-cel.




GEMEINER AND PASTEKA

388

"HOYHN W Yiim uonnd £q Qg [-y1 ppaquy uo poyund 2iez&[00pAH,

“A/A) JojemouIpUAd %01 UM uound AQ p X A 0S Xomo(] uo payund djezA[oIpAH,
g pue y spoydw d) £q pouruLInop aednluod ayl ul Judnuod urdjosd Jo uoilod,
(1) "bg oyr wogy paemoe),

66°0 - [ I 7 90 F 01 8BS F 9°¢Cl L0 F8ITI 1/8¢S-0 [99-SATT
¢80 - [ 7 CTFCCIL vy F LThl L0 = 8ITI 1/8¢€6-0 [99-SATT
90 90 = T'¢d 6°0 ¥ *8'1€ 80 F 6¢S 1 F P99 LOF ¥y 6 "do 7 [90- AL
18°0 - 00 * *6'SE 0T F 069 91 = 1°CL €0 ¥ 6'8¢ 1/8€6-D [ 199-A¥Ll
88°0 — 00 F *6'SE 90 F B'L9 0 F 99 €0+ 6’86 1/8€6-D 1 [90-Ad1
49! — o=+ L1l 0’0 F €8I 60 F 0T 0l ¥ *8°0¢ 6¥ 'do 7 19-¥AO
§6l — p'0 + 0Ll €1 F 661 91 F 720 1 Fglg 1/8¢6-D 1 19°VAO
9Z'1 *€0 ¥ 06l €0 F 8Pl 90F9¢Ll iL°0 F *9°91 20 * *6'0T 6v ‘do 7 [2-vsd
L1l 60 ¢S°1¢ v'0+ ¢8I ST F 1'¢¢ 91T + 6¥C 0 F T6T 1/8€6-D0 I [99-vSd
AV Ansuwoipel KImor] uupAyuru sIsA[eue AUIXOpED yoreq aednluo)

q ‘a D ploe ouiwe v 380[N[ID

‘d peoy

aso[n([e3 3/urdoad Fur uonrUILLIDOP JO POYIdN

SPOYISIA PIRPURIS 104l PUB dUdX0OpR)) 9y AQ pautwiialpg saednfuo) ur jusjuo’) urslold

¢H14dVvVL



SPECTROPHOTOMETRIC DETERMINATION OF PROTEINS IMMOBILIZED ON CELLULOSE 389

T J T 4 L
S
o
S09¢ 1
S
2
0.8 §
0.7 .
0.6 .
0.5 ! 1 1 1 L
0 20 40 60 80 100 120
Time (min)

Fig. 3. Changes of absorbance of lysozyme, trypsin, ovalbumin, and serum albumin
cadoxenc solutions with time. (©) lysozyme, 0.03% w/v at 291.5 nm; (O) rypsin, 0.05%
w/v at 294 nm; (©) ovalbumin, 0.075% w/v at 294 nm; (@) scrum albumin, 0.05% w/v at
294 nm. Reference: water, 25.0 = 0.2°C. 1.0 cm cuvet.

taneously, the ratio of A/B (Table 2) decreased in this direction. This fact excluded
any contribution of absorbance by chemical bonds between protein and cellulose to
the “‘cadoxene’’ value. Nevertheless, how significantly this contribution could in-
fluence the results is demonstrated by the conjugate BSA-cel 3 prepared by partial
reduction at pH 5, where method A gave 92.8 mg/g and the method E (radiometry)
17.75 mg/g.

The lower values achieved by the method C (the reaction with ninhydrin) in
comparison with the method B can be ascribed to the decrease of lysine residues
participating in the binding of the proteins to cellulose. Also, method D (the Lowry
modified reaction) atforded very low results when compared to other methods.
This can be explained by the reduced absorption properties of the chromophore be-
cause of the lower ability to produce the awaited complex compound (2/). The re-
liability of the results obtained by the method E (radiometry) is dependent on the
manner of preparation of '#’I-labeled proteins. For example, radioiodination by
using chloramine T (/3) might have led to damage of the protein (22) that can re-
sult from the decrease in reactivity of protein in the process of reductive alkylation
(TRY-cel 2, Table 2).

Discussion

There are two possible sources of inaccuracy in the method developed:

1. Dissolution of the conjugates in cadoxene lasted at least 30 min. This stage
was considered to be linear in extrapolations. Because of the error caused by these
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Fig. 4. Changes of absorbances of cadoxenc solutions of cellulose and conjugates
BSA-cel, OVA-cel, TRY-cel, and LYS-cel with time. (D) BSA-cel 1, 2% w/v at 294 nm;
(©) OVA=el 1, 2% w/v at 294 nm; (O) TRY-cel 1, 0.5% w/v at 294 nm; (@) LYS-cel,
0.2% w/v at 291.5 nm; (©) bead cellulose, 0.5% w/v at 294 nm; (D) bead cellulose, 0.2%

w/v at 294 nm. Reference: water, 25.0 = 0.2°C, 1.0 cm cuvet.

TABLE 3
Protein Content in Conjugates Determined by
the Cadoxene Method after Extrapolation

Conjugate My, 8/8 A/B
BSA-cel 1 30.6 = 0.6 1.23
BSA-cel 2 21.95 = 0.2 1.32
OVA-cel | 31.8 £ 1.2 1.57
OVA-cel 2 31.3; £ 1.0 1.57
TRY-cel 1 58.1 £ 0.5 0.875; 0.805
TRY-cel 2 40.6 + 0.7 0.61

LYS-cel 115.2 = 0.7 0.81; 0.93
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simplifications, the results obtained by the method A might have been
overestimated.

2. The differences in the protein contents determined by methods A and B can
also be explained by changes in the Al%, values of proteins after their

immobilization.

The direct spectrophotometric determination of the protein content in cellulose
conjugates is based on the addivity of UV spectra connected with the increase of
absorbance of the conjugates (Figs. 1, 2) and must be exclusively due to
absorbance of the protein. This requirement excludes: (a) absorbance contribution
caused by chemical bonds between protein and cellulose, (b) change in the UV
spectrum of the protein caused by chemical modification. A method for prepara-
tion of conjugates, i.e., the reductive alkylation of proteins via dialdehydes of cel-
lulose, should fulfill both conditions mentioned. The results have shown that the
method has not introduced any additional chromophore into the conjugate and has
not modified the protein in such a way that would lead to any changes in its UV
spectrum. As far as these conditions are fulfilled, it is also possible to employ any
other method of immobilization. The cadoxene method can be applied also in other
noncrosslinked celluloses (microcrystalline, powdery, fibrous), starches and dex-
trans as carriers (P. Gemeiner, unpublished results).

Acknowledgments

The authors thank Dr. J. Stamberg for bead cellulose, Dr. G. Russ for
'%[-labeled trypsin, Dr. K. Poldkovd and Mrs. L. Barteltovd for assistance in
the experimental work, and Mrs. E. Markova for amino acid analysis.

References

/. Koelsch, R., Lasch, I., Marquardt, I., and Hanson, H. (1975), Anal. Biochem. 66,

556.

Failla, D., and Santi, D. V. (1973), Anal. Biochem. 52, 363.

3. Gabel, D., and Axén, R. (1976), in Methods in Enzymology, vol. 44, Mosbach, K.,
cd., Academic Press, New York, pp. 383-393.

4. Stamberg, J., Peska, J., Dautzenberg, H., and Philipp, B. (1982), in Affiniry Chro-

matography and Related Technigues, Gribnau, T. C. J., Visser, J.. and Nivard. R. J.

F., eds.. Elsevier, Amsterdam, pp. 131-141.

Linko, P. (1982), Appl. Biochem. Bioeng. 7, 5.

Gemeiner, P., and Viskupi¢, E. (1981), J. Biochem. Biophys. Methods 4, 309.

Gemeiner, P., and Breier, A. (1982), Biotechnol. Bioeng. 24, 2573.

Ladisch, M. R., Tsao, G. T., and Ladisch, C. M. (1978), Biotechnol. Bioeng. 20,

461.

Kula, M. R. (1979), in Characterization of Immobilized Biocatalysts, Buchholz, K.,

ed., Verlag Chemie, Weinheim-New York, pp. 182-188.

10. Means, G. E. (1977), in Methods in Enzymology, vol. 47, Hirs, C. H. W., and
Timasheff, S. N., eds., Academic Press, New York, pp- 469478,

~

NS

©



SPECTROPHOTOMETRIC DETERMINATION OF PROTEINS IMMOBILIZED ON CELLULOSE 393

11. Segal, L., and Timpa, J. D. (1969), Svensk Papperstidn. 72, 656.

12. Sogami, M., and Foster, J. F. (1968), Biochemisiry 7, 2172.

13. Bolton, A. E., and Hunter, W. M. (1973), Biochem. J. 133, 529.

14. Fromageot, C., and Schenk, G. (1950), Biochim. Biophys. Acta 6, 113.

15. Whitaker, J. R., and Granum, P. E. (1980), Anal. Biochem. 109, 156.

16. Webster, G. C. (1970), Biochim. Biophys. Acta 207, 371.

17. Moore, S., and Stein, W. H. (1954), J. Biol. Chem. 211, 907.

18. Golovina, T. O., Cherednikova, T. V., Mevkh, A. T., and Nagradova, N. K. (1977),
Anal. Biochem. 83, 778.

19. Sachs, L. (1969), Statistische Auswertungsmethoden, Springer-Verlag, Berlin, p.
140.

20. Tsugita, A., and Scheffler, J.-J. (1982), Eur. J. Biochem. 124, 585.

21. Peterson, G. L. (1979), Anal. Biochem. 100, 201,

22. Hunter, W. M. (1979), in Immunochemistry, vol. 1, Weir, D. M., ed., Blackwell Sci-
entific Publications, Oxford, pp. 14.2-14.7.



