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SUMMARY 

The isolation of mouse liver poly(A)-containing mRNA [poly(A)-mRNA] and 
purification of trypsin and kallikrein using new biospecific adsorbents having dex- 
tran, glycogen or amylopcctin spacers are described as the first examples of a5nity 
chromatography on such adsorbents. A comparative study of these adsorbents and 
similar adsorbents without spacers was carried out. The optimum conditions for 
a5nity chromatography of poly(AtmRNA were considered. 

INTRODUCTION 

In the preceding paper’ we described the preparation and properties of a 
number of a5nity adsorbents having polysaccharide spacers. It seemed expedient to 
demonstrate the advantages of such adsorbents by concrete examples of the isolation 
and purification of biopolymers of different chemical nature, particularly polyade- 
nylated mRNA (polynucleotide biopolymer) and proteolytic enzymes (protein bio- 
polymers). 

The isolation of poly(A)-mRNA on poly(U)-Sepharose (1)2 or oligo(dT& 
cellulose3 is based on the hybridization of complementary bases. Some non-specific 
effects of a different nature were involved in the chromatography of poly(A)-mRNA 
on oligo(dT)-cellulose4_ The disadvantages of chromatography on poly(U)- 
Sepharose (1) are the non-quantitative recovery of poly(AkmRNA and insufficient 
adsorbent capacity_ 

At the present time, the immobilized soy bean trypsin inhibitor (SBTI) is 
widely used for purification of serine proteinase$. Highly purified trypsi&’ and 
human serum kallikrein6*g have been prepared by means of a5nity chromatography 
on SBTI-Sepharose (2). Attachment of SBTE to Sepharose is generally achieved by 
the BrCN methodlo. However, direct binding of a high-molecular-weight Iigand to a 
solid support may result in steric hindrance to subsequent biospecific interaction of 
immobilized ligand with the active centre of the enzyme to be purified. Consequently, 
a decrease in adsorbent capacity may take place. We believe that the use of a spacer to 
separate the ligand from the surface of the solid matrix would improve some prop- 
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erties of the adsorbent. A recently published paper rr described the immobilization of 
SBTI via a monomeric spacer using a glutaraldehyde-activated amino derivative of 
Sepharose. 

In the present work, we describe the first applications in aflinity chromato- 
graphy of biospecifrc adsorbents having polysaccharide spacers. The isolation of 
poly(A)-mRNA on poly(U) immobilized on Sepharose via dextran or glycogen 
spacers as well as the purification of trypsin and human serum kallikrein on SBTI 
bound to Sepharose via an amylopectin spacer have been performed. The properties 
of adsorbents with and without polysaccharide spacers are compared. 

EXPERIMENTAL 

Materials and methods 
Most of the materials used in the present study were as specified in the preced- 

ing paper’. Poly(U) and SBTI were obtained from Reanal (Budapest, Hungary), pig 
pancreatic trypsin from Spofa (Prague, Czechoslovakia). Human serum kallikrein 
was partially purified by chromatography on DEAE-Sephadex A-50 and SP-Seph- 
adex C-50 (the method will be published in detail elsewhere)_ N-Benzoylarginine 
ethyl ester (BAEE) was obtained from Koch-Light (Colnbrook, Great Britain)_ O-[N- 
2-(Aminoethyl)carbamoyl]dextran (AED) (y NH2 = 12) was prepared as described 
previously 12_ Nuclear and cytop lasmic RNAs from mouse liver cells were isolated by 
the phenol-temperature fractionation procedurer3. 

Some of the methods used in this work were as described in the preceding 
paper’. DNA-like RNAs were selectively labelled with [r4C]orotic acid (30 &i per 
mouse) for 6&90 min by the use of the actinomycin D-induced block of rRNA syn- 
thesis. For the determination of radioactivity, an RNA carrier (100 pg/ml) and trichlo- 
roacetic acid (final concentration 5 %) were added to the samples. The precipitates 
were then collected on HUFS filters, and after drying were measured in a Nuclear 
Chicago Mark 2 liquid scintillation spectrometer. Sedimentation coefficients were 
calculated as described previously’4. 

Estimation of the Iigand cotztent in the adsorbents 
The concentration of the protein ligand was determined by the differential 

method. In the case of a polynucleotide ligand the solubilization method15 was used. 
A mixture of 0.2 ml of a Sepharose derivative and 12 ml of 1 N NaOH containing 
0.1% NaBH, was heated for 2 h at 75-80°C. The mixture was then centrifuged for 15 
min at 7000 t-pm (3000g). The absorbance of the supematant was measured at 260 nm. 

AED-Sepharose (3) 
A suspension of 18 ml of BrCN-activated Sepharose (2.5 g of BrCN per 10 ml 

gel)’ in 18 ml of 0.1 M NaHCO, containing 0.5 M NaCl, pH 9, and 2.7 g AED (yNHZ 
= 12)12 was stirred for 16 h at 4°C. The gel was then washed with 1 1 water, 200 ml of 
0.2 1W NaCl and 200 ml water and stirred with 20 ml of 1 M ethanolamine (pH 9) for 2 
h at 20°C. The gel was washed with water (200 ml), suspended in an equal volume of 
water and the mixture was stirred with two or three drops of acetic acid and 20 mg 
EDC for 72 h at 20°C. After washing with 200 ml of 0.1 N HCl and 500 ml of water, 
the AED-Sepharose (3) was stored as an aqueous suspension at 4°C in the presence 
of 0.02 % NaN,. 
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PoIy( U)-AED-Sepharose (4) 

A solution of 2 g BrCN in 1 ml acetonitrile was diluted to 5 ml with water and 
added to a suspension of 10 ml “AED-Sepharose” (3) in 10 ml of 5 M potassium 
phosphate buffer, pH 11.9. The suspension was vigorously stirred for 5 min at 4°C. 
Then the gel was quickly washed with 100 ml of 0.1 M NaHCO,, 100 ml water and 
100 ml of 0.1 M potassjum phosphate buffer, pH 7.5. The gel was immediately 
suspended at 4°C in a solution of 15 ml poly(U) in 10 ml of the same buffer and stirred 
for 16 h at 4°C. The sorbent was washed with 500 ml of 0.1 hf potassium phosphate 
buffer, pH 7.5, and 100 ml water and then stirred with 1 M ethanolamine (10 ml) 
for 2 h at 20°C and pH 9.0. Finally, the gel was washed with water. 

Poly (U)-glycogen-fzydrazidosaccitryf-Sepfzarose (5) 

Glycogen-hydrazidosuccinyl-Sepharose (10 ml) prepared as described pre- 
viously’ was activated with 2 g BrCN and then stirred with a solution of 15 mg 
poly(U) in 10 ml of 0.1 M potassium phosphate buffer, pH 7.5, for 16 h at 4°C. The 
gel was washed with 500 ml of the same buffer and 100 ml water, stirred with 3 mg 
acetic acid hydrazide in 10 ml water for 2 h at 20°C and washed with 500 ml water. 
The adsorbent (5) was stored in 0.1 M potassium phosphate buffer (pH 7.5) in the 
presence of 0.02 % NaN,. 

Ajjinity chrotnatograpfzy of poly (A), poiy (U) and poiy (A)-tn RNA 

The chromatography of different samples on the adsorbents 1, 4 and 5 was 
carried out using a glass column (7.0 x 0.6 cm) at a flow-rate of 15 ml/h. The buffers 
used for sample application and elution were: a, hybridization buffer, 0.02 M Tris- 
HCI, pH 7.0, 0.3 M NaCl, 0.001 M ethylenediaminetetraacetate (EDTA); b, 0.02 M 
Tris-HCI, pH 7.6,O.OOl M EDTA. Fractions were assayed for absorbance at 260 nm 
or radioactivity. 

SBT~~t~~yIopectiil-fly~ira;idosuccitl~f-Sepflarose (6) 

Adsorbent 6 was prepared by means of activation of amylopectin-hydrazido- 
succinyl-Sepharose’ (10 ml) with 2 g BrCN as described above and subsequent incu- 
bation with 100 mg SBTI in 10 ml of 0.1 M NaHCO, containing 0.5 M NaCI. Washing 
of the adsorbent and blocking of the excess of active groups were performed as 
described in the preceding paper’ for protein immobilization. SBTI-Sepharose (2) 
was synthesized as described lo Adsorbents 2 and 6 contained 7-9 mg SBTI per ml of _ 
gel (the differential method). 

Determination of antitryptic activity of imnobiiized SBTI 

Aliquots (0.01-O. 1 ml) of adsorbents 2 and 6 were adjusted to I.4 ml with 0.05 
M Tris-HCl buffer, pH 8.0, and 0.1 ml of 0.01% trypsin in 2.5 mM HCl was then 
added. The mixture was kept for 5 min, and 0.5 ml of 0.1 o? agarose solution and 1 ml 
of 1.5 mM BAEE were added. The mixture was thoroughly stirred, and the absor- 
bance at 253 nm was measured against a corresponding amount of unsubstituted 
Sepharose. The antitryptic activity was expressed as the number of inhibitor units per 
mg of immobilized SBTI: 1 IU = one unit of inhibitory activity, corresponding to the 
amount of SBTI which inhibits the hydrolysis of 1 pmole of substrate under the 
conditions described above. 
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Proteinase assay 

Assays for trypsin and kallikrein activities were carried out in 0.05 A4 Tris-HCl 
buffer (pH 8.0) at 25°C by measurement of the absorption at 253 nm with BAEE as 
substrate. One unit of activity, E, is de&red as the amount of enzyme which hydrol- 
yses 1 pmole of BAEE per min under the standard conditions. 

Aflnity chromatography of kallikrein and trypsin 

All procedures were performed at 4°C. A solution of partially purified human 
serum kallikrein was applied to a column (4.0 x 0.8 cm) packed with adsorbent 2 or 
6. The column was equilibrated with 0.1 M sodium phosphate buffer (pH 6.2) con- 
taining 0.2 M NaCl. The flow-rate was 12 ml/h. Protein contaminants were eluted 
from the columns with the starting buffer (eluate I). Kallikrein was eluted with 0.01 M 
HCl containing 1 M NaCl (eluate II). Fractions (2.5 ml) were collected at a flow-rate 
of 48 ml/h. Each fraction was immediately adjusted to pH 8.0 with 3.5 M NaOH, and 
the BAEE-esterase activity was determined. 

Afhnity chromatography of pig pancreas trypsin was performed under similar 
conditions_ 

RESULTS AND DISCUSSION 

The adsorbents having polysaccharide spacers (4-6) were prepared according 
to the methods described in the preceding paper’, but with some modifications_ 

In the synthesis of adsorbent 4 (Scheme la) AED containing 12 N-2-(amino- 
ethyl)carbamoyl groups per 100 anhydroglucose residues was used for introduction 
of the polysaccharide spacer into the adsorbent. AED was prepared by condensation 
of dextran cyclic carbonate with ethylenediaminei2. The use of AED prevents the 
presence of unreacted carboxyl groups on the adsorbent16, in contrast to the method 
using carboxymethyldextran’. The amount of bound dextran (15-20 mg per ml gel) 

NOlO, 1 Hydmziiosuccmyl- Sephxmse, 

b- l$F+bO2(~~” C C6H,0,KIH),_, WO+,.,-& 
2 NnBH, 

C =&4(“H&, (~‘-‘2),(C”20H)m_, 1, r 
NHNHCO(CH~2CONHNHC-0 

1 5-CN 

2 po(y uJ) 
poly W- glyccqen -hjdm&osucctnyl - Sephamse (5) 

Scheme 1. 
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was determined from the difference in nitrogen content (by Kjeldahl’s method) of the 
starting solution of the polysaccharide and of the washings (after dialysis). The active 
groups on Sepharose were blocked with ethanolamine, and the unreacted amino 
groups on the polysaccharide spacer were acetylated with acetic acid in the presence 
of EDC. Acetylation was complete in 72 h, the reaction being monitored by the 
colour test with trinitrobenzenesulphonic acid. 

Attachment of poly(U) to adsorbent 3 was performed after activation of the 
dextran spacer with BrCN2. The content of poly(U) in the adsorbent (1.47 mg per ml 
gel) was determined by measurement of the absorbance at 260 nm of the starting 
solution and that of the washings. The solubilization methodI was also used. Fig. 1 
shows the UV spectrum of the solubilized adsorbent (4). It should be noted that 
complete solubilization of adsorbents with polysaccharide spacers was not achieved 
under the standard conditions I5 Centrifugation of the reaction mixture before ad- . 
sorption measurements was found to be necessary. The increase in stability of agarose 
beads may be due to the presence of the polysaccharide spacer and to the occurrence 
of cross-linking during its attachment_ However, this did not affect the accuracy of 
determination of the poly(U) content since the immobilized poly(U) was completely 
hydrolysed under the conditions used. 

I 1 
240 260 2e3 llnl 

Fig. 1. UV spectra of solubilized adsorbents: I = adsorbent 4; 2 = adsorbent 5. The conditions of 
solubilization are given in the text. 

The method used for synthesis of poly(U)-glycogen-hydrazidosuccinyl- 
Sepharose (5) (Scheme lb) minimizes the amount of charged groups on the ad- 
sorbent, through the use of Sepharose hydrazide. As shown by UV spectrophotomet- 
ric analysis of the solubilized gel (Fig. l), adsorbent 5 contained 1.45 mg poly( U) per 
ml gel. Poly(Uwepharose (1) was prepared as described’, and contained OS mg 
poly(U) per ml gel. 

The chromatographic behaviour of poly(A) and poly(U) on adsorbents 4 and 5 
was studied in order to evaluate the capacity and biospecificity of the adsorbents. 
Efficient adsorption of poly(A) was observed after application of the polynucleotide 
to the columns in the hybridization buffer of high ionic strength. Columns of the 
adsorbents 4 and 5 were saturated with poly(A), and the capacity of the adsorbents 
was estimated by measuring the absorbance at 260 nm of the polynucleotide fraction 
eluted by the buffer of low ionic strength. Adsorbents 4 and 5 possessed poly(A)- 
binding capacities of 1.44 and 1.48 mg poly(A) per ml gel, respectively. These values 
significantly exceed that of adsorbent 1 (0.4 mg/ml). However, a large part of the 
bound poly(A) (61.1% for adsorbent 4 and 16.8% for adsorbent 5) could not be 
desorbed from the column under the conditions generally used for elution of poly(A)- 
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Fig. 1. Chromatography of poly(A) (1) and poly(U) (2) on adsorbent 4 (a and b). Arrows indicate change 
of the conditions: A, hybridization buffer; B, elution buffer at 20°C; C. elution buffer at 5OO”C. The 
polynucleo!ides (-0 &ml) were applied to the columns in the corresponding buffer. 

mRNA”. Nevertheless, the initial adsorption of poly(A) was biospecific since 
poly(U) was not adsorbed on the columns under the same conditions (Fig. 2a). 

To achieve a quantitative yield of poly(A) during the elution step, the ad- 
sorbents were washed with 90% formamide in the elution buffer in the presence of 
0.5 % sodium dodecyl sulphate (SDS) at 50°C. The formamide was then washed off, 
and an aliquot of the gel was solubifized and tested as above. The results show that 
desorption of poIy(A) was quantitative under these conditions. 

The behaviour of poly(A) and poly(U) on adsorbents 4 and 5 equilibrated with 
the elution buffer of low ionic strength was also studied. These conditions were 
unfavourable for specific base pairin g between the poly(A) and poIy(U) chains, but, 
on the other hand, they promoted the non-specific ionic interactions. Considerable 
adsorption of the polynucleotides was observed on both adsorbents. Moreover, the 
quantitative desorption of poly(U) was achieved by means of the hybridization buffer 
(Fig. 2b). 

The results of the model experiments (Table I) suggest that electrostatic inter- 
actions between the polynucleotide phosphate groups and cationic groups of the 
adsorbents occur when buffer of low ionic strength is used. These interactions seem to 
be multivalent since the non-specific binding of adenosine 5’-phosphate to the ad- 
sorbents was not observed under the same conditions. The content of poly(A) bound 
non-specifically to adsorbents 4 and 5 (Table I) may be correlated with the number of 
cationic groups of these adsorbents. Indeed, some positively charged groups were 
definitely introduced into adsorbent 4 during the multivalent attachment of AED to 
BrCN-Sepharose via the primary ammo groups. On the other hand, the adsorbent 
formed after the attachment of succinic acid dihydrazide to BrCN-Sepharose was 
uncharged at the physiological pH. For this reason, the blocking of residual active 
groups in adsorbent 5 was carried out by use of acetic acid hydrazide, not ethanol- 
amine. 

The undesirable processes of ligand release and of increasing cationic charge 
during storage of adsorbents based on BrCN-activated polysaccharides have recently 
been recognized”. We found that the recovery of poly(A) from freshly prepared 
adsorbent 1 was 90 “/,, while after storage of the adsorbent for 1 year at 4°C and pH 7 
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TABLE I 

PROPERTIES OF THE AFFINITY ADSORBENTS 4 AND 5 

Capacity of adsorbent 1 was 360 pg poly(A) per ml gel. 

Adsorbent Capacify Non-specific Adsorption 
adrorption of poly(U) 

c(g POSY (A I mg ~olY(Al of poiy(A)* under con- 
per ml per mg (% of bound ditions of 
adsorbent immobilized poly- high ionic 

POlY(U) nucleotide) strength (pg 
per ml gel) 

Adsorption 

of poly(A) 
under con- 
ditions of 
low ionic 
strength (.ag 
per ml gel) 

Adsorption 

of POlY(UF 
under con- 
ditions of 
low ionic 
strength (pg 
per ml gel} 

POlYWF 
AED- 
Sepharose (4) 1440 0.98 61 0 760 650 
POlYw- 
glycogen- 
hydrazido- 
succinyl- 
Sepharose (5) 1480 1.02 16.2 0 440 480 

* The fraction not desorbed with the elution buffer at 50°C. 
* The bound poly(U) was quantitatively eluted with the hybridization buffer. 

the recovery was only ca. 50%. Repeated usage of the adsorbent also resulted in 
deterioration of its properties. 

Adsorbent 5 yielded better results than adsorbent 4, and optimal recovery of 
poly(A) was achieved by desorption of the bound polynucleotide with 90% form- 
amide in the elution buffer containing 0.5 oA SDS, at 50°C. Under these conditions, 
the biospeciiic A-U hybridization was interrupted and also the ion-exchange interac- 
tions were diminished. 

Isolation of mouse liver cytoplasmic and nuclear poly(A)-RNAs was perform- 
ed using adsorbent 5 under optimum conditions. Approximately 2% of the total 
cytoplasmic RNA and 30 % of nuclear RNA were bound to the adsorbent. The total 
RNA content in the fractions was estimated by UV spectrophotometry, and that of 
non-ribosomal RNA was calculated on the basis of the radioactive label. The desorp- 
tion of cytoplasmic RNA was carried out with the elution buffer at 20 and 50°C and, 
finally, with 90% formamide in the same buffer containing 0.5 % SDS. The results 
obtained suggest that quantitative recovery of the bound RNA was achieved when 
the formamide-containing buffer was used. The eluted cytoplasmic and nuclear 
poly(A&RNAs were precipitated by two volumes of ethanol containing 0.2 % sodium 
acetate (final concentration). The labelled material gave a typical pattern for high- 
molecular-weight RNA under the conditions of centrifugation in a sucrose gradient 
(10-35 %) at 23,000 rpm (64,000 g) (rotor SW 25.2) and 4°C. 

Quantitative recovery of poly(A)mRNA from a biospecific adsorbent is of 
great importance for the study of mRNA metabolism. Non-specific effects, in par- 
ticular ion-exchange ones, interfere with the affinity chromatography of poly(A& 
RNAs. Ion-exchange interactions are of little importance under adsorption con- 
ditions (the hybridization buffer of high ionic strength). However, part of the material 
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may be retained on the column as a result of multipoint interactions between the 
ionized phosphate groups of RNA and cationic groups of the adsorbent. Part of the 
electrostatically bound material would again interact biospecifically with the immobi- 
lized poly(U) during repeated use of the adsorbent or its regeneration with buffers of 
high ionic strength. Contamination of the poly(A jRNA preparations with labelled 
material from previous experiments may take place during the subsequent elution. 

Therefore, minimization of the content of positively charged groups on the biospecific 
adsorbent is especially important for affinity chromatography of poly(A jmRNA. 

In order to demonstrate further the advantages of the adsorbents having poly- 

saccharide spacers, we carried out a comparative study of two bioadsorbents de- 
signed for the purification of proteolytic enzymes: SBTI-amylopectin-hydra.zido- 
succinyl-Sepharose (6) and a similar adsorbent without the polysaccharide spacer (2). 

Adsorbent 6 was prepared by coupling of SBTI to amylopectiu-hydrazidosuc- 
cinyl-Sepharose’ after activation of the polysaccharide spacer with BrCN. Adsorbent 
2 was synthesized by the direct attachment of SBTI to BrCN-activated Sepharose. As 
shown by the differential method, these adsorbents contained 7-9 mg SBTI per ml of 
gel. The antitryptic activity of the immobilized SBTI was then estimated by spectro- 
photometric assay of the BAEE hydrolysis in the gel suspension stabilized by addition 
of 0.1 o/0 agarose solution. The use of the agarose solution ensured accurate measure- 
ments of the absorption. The specific antitryptic activity of SBTI immobilized via the 
amylopectin spacer was ahnost twice that of SBTI immobilized directly on Sepharose 
(Table II). Thus, the use of the polysaccharide spacer preserved 20 % of the activity 
of immobilized SBTI with respect to that in solution_ The presence of the spacer results 
in a considerable distance between the ligand and the matrix surface, and the native 

protein conformation is apparently preserved to a greater extent than can be achieved 
by direct attachment of SBTI to Sepharose. 

The capacity of adsorbents 2 and 6 for trypsin and kallikrein was also de- 
termined. These enzymes exhibited very similar ahinities for the native soy bean 
inhibitor (inhibition constant ca. 10 -lo J%Y”*~~). The proteinases were applied to the 
column in 0.1 M sodium phosphate buffer (pH 6.2) containing 0.2 M NaCl until the 
column was saturated with the enzyme. After washing the column with the starting 
buffer, the bound proteinase was eluted with 0.01 A4 HCI containing 1 M NaCl. The 
capacity for both enzymes of the adsorbents having the amylopectin spacer was three 

TABLE II 

PROPERTIES OF THE AFFINITY ADSORBENTS CONTAINING SBTI 

Adsorbent _4ntifryptic acfivify Capacity for frypsin Capacity for kallikrein 
(IU per mg 
immobilized SBTI) mg per ml pmoles per mg per ml paroles per 

gel cu”Olt?S gel poles 

immobilized immobilized 
SBTI SBTI 

SBTI-amylopedin- 
hydraziciosuccinyl- 
Scpharose (6) 4.4 2.5 0.25 2.8 0.07 
SBTI-Sepharose (2) 2.4 0.75 0.08 1.0 0.025 
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times that of SBTI-Sepharose (2) (Table II). The increase in the capacity of adsorbent 
6 may’be due to better accessibility of the reactive centre of the immobilized SBTI to 
the active centre of the enzyme. 

The results of purification of the commercial pig pancreas trypsin and partially 
purified human serum kallikrein under the conditions described are presented in 
Table III. The yields, specific activities and purification factors were practically iden- 
tical for the two adsorbents. The essential advantage of adsorbent 6 over the ad- 
sorbent without a spacer lies in the use of much smaller volumes of buffer for elution 
of the bound enzymes. The increase in the concentrations of trypsin or kallikrein 
eluted from the adsorbent having the amylopectin spacer (6) is of importance for 
future studies of these enzymes. 

Adsorbent 6 may be used repeatedly (five or six times) without loss of binding 
capacity or inhibitory activity. The results presented here demonstrate that the in- 
troduction of a polysaccharide spacer into a solid matrix improves the properties of a 
biospecilic adsorbent and enables highly efficient purification of biopolymers. 

ACKNOWLEDGEMENT 

The authors thank Drs. A. V. Lichtenshtein, R. P. Alyokhina and I. B. Zbor- 
ovskaya for their participation in the isolation of nuclear and cytoplasmic RNAs and 
for valuable suggestions during the course of this study. 

REFERENCES 

1 B. A. Klyashchitsky and V. Kh. Mitina, J. Chromarogr., 210 (1981) 55. 
2 U. LiEdberg and T. Persson, Eur. J. Biochem., 31 (1972) 246. 
3 H. Aviv and F. Leder, Proc. Nat. Acad. Sci. U.S., 69 (1972) 1408. 
4 J. A. Bantle, I. H. Maxwell and W. E. Hahn, Anni. Biochem., 72 (1976) 413. 
5 H. Ako. R. J. Foster and C. H. Ryan, Biochemistry, 13 (1974) 132. 
6 R. S. Temler and J. H. R. Kzgi, Enzyme, 22 (1977) 249. 
7 S. F. Russo and D. J. Yadoff, Camp. Biochem. Physiol., 60 (1978) 453. 
8 R. Heber, R. Geiger and N. Heimburger, Hoppe-SeyIer’s Z. Physiof. Chem., 359 (1978) 659. 
9 S. Sampaio, S.-C. Wong and W. E. Shaw, Arch. Biochetn. Biophys., 165 (1974) 133. 

10 J. Porath, R. Axen and S. Emback, Nature (London), 215 (1967) 1491. 
11 I. Karube, Y. Ishimori and S. Suzuki, Anal. Biochem., 86 (1978) 100. 
12 E. A. Kuznetsova, L. S. Shishkanova, G. E. Korolyova, E. D. Sinyagina, V. M. Shlimak and A. E. 

Vasiljev, ZII. Obshch. Khim., 48 (1978) 1410. 
13 G. P. Georgiev and V. L. Mantyeva, Biochim. Biophys. Acfu, 61 (1962) 153. 
14 R. C. Martin and B. N. Ames, J. Bill. Chem., 236 (1961) 1379. 
15 D. Failla and D. V. Santi, An&_ Biochem., 52 (1973) 363. 
16 A. B. Livshits, A. E. Vasiljev, G. N. Koltsova, L. S. Shishkanova, V. M. Shlimak, 1. N. Borisova, L. A. 

Gerasimovskaya and G. Ya. Rosenberg. Zh. Obshch. Khim., 47 (1977) 699. 
17 J. N. Ihle, K. L. Lee and F. T. Kenney, J_ Biof. Chenr., 249 (1974) 38. 
18 R. L. Schnaar, T. F. Sparks and S. Roscman, AMI_ Biochem., 79 (1977) 533. 
19 H. Tchesche, Anger. Chem., 13 (1974) 10. 
20 T. S. Paskhina, A. V. Krinskaya and V. G. Zilova, Biokhimiya, 40 (1975) 302. 


