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ABSTRACT 

A quantitatively main molecular form of Cratylia mollis lectin, iso- 
form 1 (iso 1) was purified by affinity chromatography on Sephadex 
G-75, followed by ion exchange chromatography on CM-cellulose. 
Another lectin form was identified in the latter step. Iso 1 is specific 
for glucose/mannose, with a main subunit of 31 kDa mol wt; the 
native protein is basic (pI 8.5-8.6) and the constituent polypeptides 
had a pI range of 5.15-7.75. An antibody to the protein was raised in a 
rabbit, and the conjugate was active in an immunosorbent assay. 

index Entries: Lectin; isoform; lectin purification; antilectin IgG; 
antilectin IgG-peroxidase. 

INTRODUCTION 

More than a hundred  lectins, bifunctional proteins able to choose car- 
bohydrates or other ligands (1-3), have been purified with different recog- 
nition specificities, resulting in a vast use of these molecules as a powerful 
tool in medical and biological research (4-7). 

*Author to whom all correspondence and reprint requests should be addressed.  
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Plants constitute a material of excellence to isolate lectins and the 
greater majority of these proteins were obtained and characterized from 
seeds (8-10). FABACEAE seed lectins, with glucose/mannose specificity, 
in general, are purified by an affinity chromatography step in Sephadex 
and are nonspecific to human ABO blood group determinants (11,12). 
Structurally, they can be divided in two groups: with one subunit and with 
two distinct subunits (12). Different biological activities have been detected 
to glucose/mannose lectins (13), even if they present a high homology in 
the primary structure (14) and antiserum recognition identity (15). 

Two minor molecular forms of a lectin were purified and partially char- 
acterized from seeds of Cratylia mollis (16), camaratu bean. The legume is 
a native forage from the semiarid region of Pernambuco, state in the 
Northeast of Brazil; the plant belongs to the tribe Phaseoleae, subtribe Dio- 
clinae, which contains the genus Canavalia, botanically related to Cratylia. 
The first lectin to be purified was concanavalin A (Con A), from Canavalia 
ensiformis; this lectin is one of the most broadly evaluated in its character- 
istics and applications (17-19). 

In this work, we describe the purification to homogeneity of the main 
lectin, quantitatively, from seeds of C. mollis, isoform 1, iso 1. The devel- 
opment of its antiserum, as well as the purification and conjugation of 
IgG to peroxidase are also presented. 

MATERIALS AND METHODS 

Hemagglutinating Activity 
Fresh erythrocytes from human (ABO), chicken, duck, quail, rabbit, 

and steer were obtained according to Bukantz et al. (20). Rabbit cells were 
also fixed in glutaraldehyde by the method of Bing et al. (21). fiamples of 
the lectin (50/~L) were twofold serially diluted in 0.15M NaC1, in microtiter 
plates. An erythrocyte suspension (2.5% v/v in 0.15M NaC1, 50/~L) was 
added and the titer was read after 45 min. The hemagglutinating activity 
(HA) is defined as inverse of the last dilution presenting hemagglutination, 
and the specific HA (SHA) corresponded to the HA divided by the protein 
concentration. The erythrocyte suspension used for general HA evaluation 
was prepared with glutaraldehyde-treated rabbit erythrocytes. 

HA in the presence of ions was measured by twofold serially diluted 
lectin fractions in Ca 2+, Mg 2+, and Mn 2+ solutions (0.3-20.0 mM) contained 
in 0.15M NaC1 and also, the fractions were incubated with the same ions, 
10 mM in 0.15M NaC1, as well as dialyzed with EDTA 10 and 100 mM, 
according to Shiomi et al. (22). 

HA inhibition (HAI) was assayed by a twofold serially diluted sample 
(50/~L) of isol (100/~g/mL) in 50 #L of carbohydrate solutions, followed by a 
45-min incubation and addition of the erythrocyte suspension. The carbo- 

Applied Biochemistry and Biotechnology Vol. 55, 1995 



Purification of a Glucose/Mannose Lectin 263 

hydrate concentration varied from 0.4-400 mM and the HAI is the concen- 
tration of inhibition required to inhibit 4 HA units. L-Arabinose, D-fructose, 
D-galactose, D-glucose, D-lactose, maltose, D-mannose, L-rhamnose, 
D-ribose, sucrose, and xylose were from Merck (Darmstadt, Germany); all 
the other carbohydrates were from Sigma (St. Louis, MO). 

Lectin Purification 

C. mollis seeds were collected in Ibimirim City, State of Pernambuco 
and botanical identification was kindly performed by Marcelo Ataide, from 
the Agriculture and Cattle Raising Research Company of Pernambuco 
(IPA). An ether extract of a seed flour was performed previously (23). 
Whole seeds were washed with distilled water, dried at room temperature 
(rt), and blended in 0.15M NaC1 (10% w/v). After 16 h of gently stirring at 
4~ or rt, the extract was filtered through a cheesecloth and centrifuged 
for 12,100g (15 min, at 4~ 

Fraction 1, F-1 (extract at 4~ was ammonium sulfate fractioned 
(F0-40 and F40-60). The F40-60 dialyzed in 0.15M NaC1 (F-2) was affinity 
chromatographed on Sephadex G-75 (Sigma) in a column (70.0 x 1.9 cm) 
containing 200 mL of packed matrix, equilibrated with 0.15M NaC1. After 
sample application, 0.15M NaC1 was passed through the column until the 
A280 n m  was less than 0.1. Elution was performed with 0.3M D-glucose in 
0.15M NaC1. Fractions with the highest A280 n m  were pooled and exhaus- 
tively dialyzed in 10 mM citrate phosphate buffer, pH 5.5 (F-3). The latter 
preparation was chromatographed in a column (31.0 x 1.5 cm) contain- 
ing 50 mL of packed CM-cellulose (Sigma) equilibrated with the citrate 
phosphate buffer. The column was eluted with a 0-0.4M NaC1 linear gra- 
dient; the highest HA peak obtained (F-4, iso 1) was chromatographed in 
a Bio-Gel P-2 column (8.0 x 1.8 cm) containing 20 mL of packed matrix. 
The latter column was previously equilibrated in the citrate phosphate 
buffer and was eluted with the same buffer (F-5). 

Heat Treatment of Fractions 

F-l, F-3, and F-4 (100 #g of protein/mL in 0.15M NaC1) were heated 
according to Shiomi et al. (22); F-5 (150/~g of protein/mL) was heated for 
4 h at 60~ (three times) and 80~ (one time). After heating, the solution 
was cooled in an ice bath, kept at -20~ for 16 h, and the HA was 
measured. 

Electrophoresis and Isoelectric Focusing 
in Polyacrylamide Gel 

Native proteins were electrophoresed and isoelectric focused accord- 
ing to Reisfeld et al. (24) and LKB (25), respectively. Denatured and 
reduced samples were resolved according to Laemmli (26) and submitted 
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to protein (26) and carbohydrate stainings (27--28). The pI pattern of the 
polypeptides was evaluated (29) using ampholines with pH ranges of 
4.0-6.0, 6.0-8.0, and 3.5-10.0 (LKB, Bromma, Sweden). 

Preparation and Evaluation 
of Anti-lso 1 Serum and IgG 
F-5 (150 #g of protein) in I mL of 0.15M sodium phosphate buffer, pH 

6.2, containing 0.15M NaC1, was emulsified with 1 mL of Freund's 
complete adjuvant (first inoculation) or I mL of Freund's incomplete adju- 
vant (seven following inoculations) and intradermally injected into a 
male, New Zealand white rabbit, in a fortnight interval. Immediately 
before each inoculation, 10 mL of blood were collected from the ear central 
artery. The blood was kept in a glass tube at rt for I h, and then stored at 
4~ for 2 h. The serum obtained was centrifuged at 1300g, for 5 min, at rt. 
Aliquots were stored at -20~ The antilectin serum (3 mL) was chro- 
matographed in a column (6.5 x 1.0 cm) containing 4.5 mL of protein 
A-Sepharose CL-4B (Sigma) based on Hudson and Hay (30). Antilectin 
serum and IgG were evaluated by double immunodiffusion (31): in a 1% 
(w/v) agarose gel in 0.15M NaC1, containing 0.1M methyl-o~-D-mannoside. 

Conjugation of Anti-lso 1 IgG 
to Peroxidase and Its Evaluation 
with a Lectin Immunosorbent Assay (LIA) 

Anti-iso 1 IgG (3 mg/mL), dialyzed against 0.1M sodium phosphate 
buffer, pH 6.8, was conjugated to peroxidase (Merck) based on Weir (32). 

A lectin immunosorbent assay (LIA) was performed with lectin (5 #g/ 
mL) in 0.1M NaHCO3, containing 0.5M NaC1 (50 ~L) and was adsorbed to 
a microtiter plate for 16 h at 4~ The plate was washed three times with 
Dulbecco's PBS (-) Nissei (Tokyo, Japan), containing CaCl 2 (0.1 mg/L), 
MgC12 (0.1 mg/L), and 0.1% (v/v)Tween 20 (Merck), buffer A. Incubation 
(2 h at 4~ with 50 #L of anti-iso 1 IgG double diluted (2-1-2048 -1) or not, 
or with 50 #L of anti-iso 1 IgG-peroxidase diluted (8-1-2048 1) in buffer B 
(buffer A containing 0.5% w/v casein, Merck, and 0.1M methyk,-D- 
mannoside), was followed by three washes with buffer A. Another incu- 
bation with 50 t*L of sheep-rabbit IgG-peroxidase (Serotec, Oxford, UK), 
diluted in buffer B (1000 -1) was performed, for 2 h at 4~ when anti-iso 1 
IgG was used. Following, washes were performed as described. Then, a 
fresh solution (50 #L) of 0.08% (w/v) dihydrochloride o-phenylenediamine 
(74 mg/100 mL, Nakara, Japan) in 10 mM citrate phosphate buffer, pH 
6.0, containing H202 20 VOI (30 #L/100 mL), was added. The mixture was 
kept in the dark for 30 min; the reaction was stopped with 100 IxL of 0.5N 
citric acid and read at 492 nm in a spectrophotometer (EIA Reader, 2550, 
Bio-Rad, Hercules, CA). 
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Table 1 
Purification of Iso I a 

265 

Specific Total 
Sample, Volume, Protein, activity, activity, Yield, 
fraction mL mg/mL Titer protein/titer titer x volume x 103 % 

1 754.0 6.6 8192 1241 6177 (100) 
2 39.0 45.0 262144 5825 10224 165 b 
3 54.0 9.6 131072 13653 7078 69 c 
4 18.0 0.4 2048 5120 147 37 c 
5 3.3 0.2 2048 10240 7 82 c 

aThe lectin activity was measured with glutaraldhyde-treated rabbit erythrocytes. 
bPercentage of total activity from the crude extract. 
CTotal activity recovered x 100/Total activity chromatographed. 

RESULTS 

Lectin Purification 

C. mollis seed flour showed an ether extract with a low value of 2.1%; 
no defating step was included to the purification protocol. 

The SHA of 19.3 (4 h) and 1241 (16 h) justified a longer period of lectin 
extraction. F-1 was ammonium sulfate fractionated, and 87% of lectin 
activity was obtained in F-2, which had a yield of 165% in relation to F-1 
(Table 1). F-2 was affinity chromatographed and the native protein of F-3 
(peak II, Fig. 1) was resolved into two basic protein bands (Fig. 2A). Pro- 
tein elution with methyl-o~-D-mannoside (0.05, 0.15, and 0.3M), D-mannose 
(0.3M), or sucrose (0.3M) resulted in chromatographic and electrophoretic 
patterns similar to F-3. Rechromatography of F-3 on Sephadex G-75 
resulted in total protein adsorption to the matrix but no further purifica- 
tion of the glucose desorbed material. F-3 was then chromatographed in 
CM-cellulose and the protein peaks obtained, I and II, had HA (Fig. 3). 
Peak I, iso 4, gave an electrophoretic migration distinct of peak II, iso 1 
(Fig. 2B,C), as basic and native proteins. F-3, which contained iso I and 4 
or F-4 (iso 1) were resolved in a native molecular weight of 50 kDa, by 
FPLC (results not shown). 

HA and Inhibition Evaluation of Iso 1 Fractions 

The HA of iso 1 fractions were evaluated with distinct erythrocytes 
and the highest HA were obtained with quail and rabbit cells (Table 2). 
HA of the preparations were not altered in the presence of ions; F-1 and 
F-3 did not change activities after dialysis against EDTA. 

F-l, F-3, and F-4 were stable when heated to 80~ but lost activity at 
90~ F-5 was active (HA = 2048) after successive thermic treatments; at 
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Fig. 1. Elution pattern of F-2 on Sephadex G-75 affinity column. A sample 
(1500 mg of protein) was applied in a flowrate of 36 mL/h and 10 mL fractions 
were collected. The arrows indicate the elution with 0.15M NaC1 (1) and 0.3M 
glucose in 0.15M NaC1 (2). HA was followed with glutaraldehyde-treated rabbit 
erythrocytes. Peak I. Unadsorbed protein. Peak II. F-3. 

Fig. 2. Polyacrylamide gel electrophoresis to basic and native proteins, pH 
4.3. Samples of F-3 (A), peak I of CM-cellulose, iso 4 (B), peak II of CM-cellulose, 
iso 1 (C) and F-5 (D), containing 200, 200, 200, and 100 #g of protein, respectively. 
Protein was stained with Amido black according to Reisfield (24). 
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Fig. 3. Elution pa t te rn  of F-3 on a CM-cellulose column.  A sample  (30 mg  
of protein)  was  appl ied in a f lowrate of 10 mL/h  and 2 mL fractions were  col- 
lected. The a r row indicates where  elution with  the linear gradient  was  started.  
H A  was  fol lowed with  g lu ta ra ldehyde- t rea ted  rabbit  erythrocytes .  

Table 2 
Specific Hemagg lu t ina t ing  Activity Assayed  

with  Erythrocytes  of Different  Animals  a 

SHA b 

Erythrocytes  F-1 c F-2 F-3 F-4 F-5 

H u m a n  
A 77 45 106 40 160 
B 2.4 0.7 a _ _ 

O 115 728 426 320 320 
AB 9.7 2.8 - -  - -  - -  

Chicken 9.7 2.8 - -  - -  - -  
Duck 77 91 - -  - -  - -  
Quail  9929 10984 10922 81920 163840 
Rabbit  1241 5825 13653 5120 10240 
Steer 0.3 . . . .  

aFresh erythrocytes were used in a 2.5% (v/v) suspension in 0.15M NaC1. 
b SHA, specific hemagglutination activity. 
OF, fraction. 

(--), undetected SHA. 
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Table 3 
Hemagglutinating Activity Inhibition of Iso I a 

Concentration, 
Carbohydrate b M X 10 -3 

Methyl-o~-D-mannoside 0.4 
Trehalose 3.1 
Methyl-a-D-glucopyranoside 3.1 
D-Mannose 6.2 
D-Fructose 6.2 
D-Glucose 12.5 
L-Rhamnose 25 
N-Acetyl-D-glucosamine 50 
Sucrose 50 
D-Xylose 100 
L-Fucose 400 

aThe inhibition was evaluated by the minimal con- 
centration of carbohydrate required to inhibit 4 HA 
units of iso 1 (100 #g/mL). 

bRaffinose, 1-O-methyl-c~-D-galactopyranoside, meli- 
biose, 1-O-methyl-fl-arabinopyranoside, N-acetyl-D- 
galactosamine, D-fucose, D-galactose, D-ribose, 2- 
deoxy-D-galactose, 2-acetamido-l,amine-l,2-deoxy-D- 
glucopyranoside, N-acetyl-fl-D-mannosamine, lactose, 
L-arabinose, and starch, were not inhibitors. 

80~ the latter prep showed a turbidity, but the activity was maintained. 
Iso l ' s  fractions were active for 1-3 yr at -20~ even after at least 10 
cycles of freezing and thawing. When turbidity was observed, samples 
were centrifuged with no loss of activity. 

Iso 1 is a glucose/mannose lectin, with methyl-a-D-mannoside as the 
best carbohydrate inhibitor and, 10 of 25 tested carbohydrates inhibited 
the activity (Table 3). 

Electrophoresis and Isoelectric Focusing 
in Polyacrylamide Gel 
Electrophoresis under denaturing and reducing conditions resolved 

F-3, F-4, and F-5 with a similar pattern, in the absence or presence of fl- 
mercaptoethanol: a main band of 31 kDa and two very faint bands of 28 
and 16 kDa (Fig. 4). The carbohydrate stainings used were negative to iso 
I polypeptides. Native iso 1 (F-4) was resolved in a diffuse protein band, 
with pI values of 8.5-8.6 by native isoelectric focusing. F-4 polypeptides 
had pI values (Fig. 5) of 5.15, 5.95, 6.10, and 7.75 (main bands), as well 
as pI values of 6.00 and 6.05 (faint bands); however, F-5 showed polypep- 
tides with pI values of 5.35, 5.55, 6.00, 6.35, 6.55, 6.80, and 7.75 (main 
bands), as well as pI of 5.70, 5.85, 6.45, 6.65, 6.70, 6.75, 6.90, and 6.95 
(very faint bands). 
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Fig. 4. SDS-polyacry|amide get electrophoresis of F-4. Samples containing 
50 /~g of protein were denatured and reduced with ~-mercaptoethanol (A) or 
nonreduced (B). Protein was stained with Coomassie brilliant blue, according to 
Laemmli (26). 

Double Immunodiffusion arid LIA 

Iso 1 antigenicity was evaluated after inhibition with methyl-o~-D- 
mannoside (0.3), since the lectin precipitated proteins from nonimmune  
serum. Immunodiffusion with anti-iso i serum and anti-iso 1 IgG resulted 
in an unique immunoprecipitation line to F-4 and F-5 (Fig. 6). The duplicity 
of lines in Fq  and F-2 could be attributed to the presence of distinct C. 
mollis isoforms. LIA was positive with an absorption of 0.112 to iso 1, 
when  anti-iso 1 IgG was diluted 256 times; an absorption of 0.125 was ob- 
tained to anti-iso 1 IgG-peroxidase, 16 times diluted. 

DISCUSSION 

Extraction and salt fractionation are important steps in protein 
purification, since activity can change considerably in distinct protocols. 
The presence of an inhibitor of protein or carbohydrate nature has been 
suggested in lectin purification steps (33, 34), to justify the high yields ob- 
tained after extraction or salt precipitation, as obtained to iso 1 fractions. 

The stability of proteins to temperature, the free energy of unfolding, 
is dependent  on the hydrophobic effect and the conformational entropy 
(35). Seed lectins are stable even after months or years kept frozen, or 
successive freezing and thawing (34,36,37). The thermal stability of lectins 
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Fig. 5. Isoelectric focusing of iso I fractions in polyacrylamide gel. Samples 
contained 100 #g of protein of F-4 (A) and F-5 (B). Protein was stained with 
Coomassie brilliant blue according to O'Farrell (29). 

from distintic sources is variable, however, several of these proteins only 
lose activity above 60~ (22,36,38-41). 

The higher number of bands observed to iso 1, F-5, could result from 
a further desaggregation of polypeptides, noncovalently bound, resulting 
from the protein fragility, since it was submitted to another chromato- 
graphic step. It is known the ability of urea to disrupt protein aggregates 
and reduce proteins to their constituent polypeptides (42). 
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Fig. 6. Double immunodiffusion on agarose gel. To the central wells 10 #L 
of anti-iso I serum (A,B) and anti-iso 1 IgG (C,D) were added. Wells 1, 2, 3, and 
4, contained 10 #L of F-2, F-3, F-4, and F-5, after thermic treatment (A,C) and 
F-5, without and with dilutions of 2 -1, 4 -1, and 8 -1 (B,D), respectively. 

Among the carbohydrate inhibitors to iso 1 only rhamnose differs in 
position C-4. Lectins support a variation in positions C-2 and C-3 from 
monosaccharides and derivatives, but do not accept a variation in posi- 
tion C-4 (3). Methyl-o~-D-mannoside, D-mannose, as well as L-rhamnose, 
present neighbor hydroxils. The latter carbohydrate was the inhibitor to 
Panstrongylus megistus lectin, a result attributed to the ability of neighbor 
hydroxils to promote the best interaction in the lectin site (43). The defini- 
tion of lectin specificity is important to establish the affinity matrix to be 
used in the protein purification (44) and to inhibit the lectin function 
domain (45,46). In some assays the binding sites must be carbohydrate 
blocked (31). 

Immunosorbent assays could be performed indirectly, by using anti- 
lectin IgG, followed by a secondary antibody conjugated to peroxidase 
(47), with the advantage to amplify the interaction; or directly with anti- 
lectin IgG conjugated to peroxidase. In the first situation the secondary 
antibody may give a nonspecific interaction. 

Multiple molecular forms constitute a characteristic of C. mollis lectin: 
iso 1, quantitatively, the main lectin, iso 2 and 3 (1) as well as iso 4. Iso 1, 
2, and 3 were so-called according to the distinct electrophoretic migration 
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in polyacrylamide gel to native and basic proteins. Iso 2 had the same 
migration as native and basic iso 4. A main polypeptide of 31 kDa was 
present in iso 1, iso 3 (glycosylated, distinctly from Con A, a subtribe 
Dioclinae lectin) and iso 4; iso 2 had a 60 kDa polypeptide. Isoenzymes, 
determined by multiple gene loci, presented different physiological func- 
tions (48). Variation in the composition of carbohydrate side-chains in 
multiple forms of enzyme suggest differences of physiological signifi- 
cance (49). Also, multiple forms of enzymes, which arise by posttrans- 
lation modifications of a single gene product, may differ or not (50) in 
their catalytic characteristics. C. mollis seed isoforms (16) or isolectins, 
among other applications, have been used to explore cell surfaces, to 
evaluate homologies among lectins of the same or distinct species and, as 
an affinity matrix, to purify glycoproteins. 

ACKNOWLEDGMENTS 

This work was supported by the National Council for Technological 
and Scientific Development  (CNPq) and Coordination for Improving of 
Superior Level Personel (CAPES). We thank Marcelo Ataide for the botan- 
ical identification of C. mollis and Maria Barbosa Reis for the technical 
assistance. 

REFERENCES 

1. Goldstein, I. J., Hughes, R. C., Monsigny, M., Osawa, T., and Sharon, N. 
(1980), Nature 285, 66. 

2. Barondes, S. H. (1988), Trends Biochem. Sci. 13, 480. 
3. Sharon, N. and Lis, H. (1990), FASEB J. 4, 3198. 
4. Nakajima, T., Yasawa, S., Kogure, T., and Furukawa, K. (1988), Biochim. 

Biophys. Acta 964, 207. 
5. Ravindranaths, M., Paulson, J., and Irie, R. (1988), Cancer Res. 48, 645. 
6. Sather, R., Leung, Y. K., Alliet, P., Lebenthal, E., and Lee, P. C. (1990), 

Biochim. Biophys. Acta 1051, 78. 
7. Ryder, S. D., Smith, J. A., and Rhodes, J. M. (1992), Biochim. Biophys. Acta 

84, 1410. 
8. Rinderle, S. J., Goldstein, I. J., Matta, K., and Ratcliffe, R. M. (1989), J. Biol. 

Chem. 264, 16123. 
9. Cavalcanti, M. S. and Coelho, L. C. B. B. (1990), Mere. Osw. Cruz 85, 371. 

10. Suvachittanont, W. and Pentapaiboon, A. (1992), Phytochemistry 31, 4065. 
11. Lis, H. and Sharon, N. (1973), Ann. Rev. Biochem. 42, 54. 
12. Sharon, N. and Lis, H. (1990), FASEB J. 4, 3198. 
13. Rodriguez, D., Cavada, B. S., Oliveira, J. T. A., Moreira, R. A., and Russo, 

M. (1992), Brazilian J. Med. Biol. Res. 25, 823. 
14. Perez, G., Perez, C., Cavada, B. S., Moreira, R. A., and Richardson, M. 

(1991), Biochemistry 30, 2619. 
15. Moreira, R. A. and Cavada, B. S. (1984), Biol. Plant. 25, 336. 
16. Paiva, P. M. G. and Coelho, L. C. B. B. (1992), Appl. Biochem. Biotechnol. 36, 

113. 
17. Sheldon, P. S. and Bowles, D. J. (1992), EMBO ]. 11, 1297. 

Applied Biochemistry and Biotechnology Vol. 55, 1995 



Purification o f  a Glucose /Mannose  Lectin 273 

18. Lee, K. B. and Linhardt, R. J. (1992), Anal. Biochem. 203, 206. 
19. Mandal, D. K. and Brewer, C. F. (1992), Biochemistn/31, 12602. 
20. Bukantz, C. S. C., Rein, L. C. C. R., and Kent, J. F. (1946), J. Lab. Clin. Med. 

31, 349. 
21. Bing, D. H., Weyand, J. G. M., and Stavitsky, A. B. (1967), Proc. Soc. Cyp. 

Biol. Med. 124, 1166. 
22. Shiomi, K., Kamiya, H., and Shimizu, Y. (1979), Biochim. Biophys. Acta 576, 

118. 
23. Association of Official Analytical Chemists (1990), Official Methods of Analysis 

of the Association of Official Analytical Chemists. 15 ed. Washington, v. 1. 
24. Reisfield, R. A., Lewis, U. J., and Williams, D. E. (1962), Nature 195, 281. 
25. Analytical Electrofocusing in Thin Layers of Polyacrylamide Gels (1977), 

Bromma, LKB, (LKB-application note, 250). 
26. Laemmli, U. K. (1970), Nature 227, 680. 
27. Pharmacia Fine Chemicals (1980), Polyacrylamide Gel Electrophoresis: 

Laboratory Techniques. Uppsala. 
28. Parish, R. W., Schmidlin, S., and Muller, U. (1977), Exp. Cell. Res. 110, 267. 
29. O'Farrell, P. H. (1975), J. Biol. Chem. 250, 4007. 
30. Hudson, L. and Hay, F. C. (1980), Practical Immunology, 2nd ed., Blackwell, 

Edinburgh. 
31. Ashford, D., Allen, A. K., and Neuberger, A. (1982), Biochem. J. 201, 641. 
32. Weir, D. M. (1973), Handbook of Experimental Immunology, 2nd ed., Blackwell, 

pp. 34.24-34.25. 
33. Kolberg, J. and Sletten, K. (1982), Biochim. Biophys. Acta 704, 26. 
34. Agrawal, B. L. and Goldstein, I. J. (1972), Methods Enzymol. Complex Carbo- 

hydrates 28, 313. 
35. Oxender, D. L. and Fox, C. F. (1987), Protein Engineering (Liss, A. R., Inc.), 

NY, p. 187. 
36. Etzler, M. E.(1972), Methods Enzymol. Complex Carbohydrates 28, 340. 
37. Mock, A. and Renwrantz, L. (1991), Comp. Biochem. Physiol. 3, 699. 
38. Kortt, A. A. (1984), J. Biochem. 138, 519. 
39. Cammue, B. P., Peeters, B., and Peumans, W. (1985), Biochem. J. 227, 949. 
40. Lerivray, H., Chesnel, A., and Jego, P. (1985), Comp. Biochem. Physiol. 81, 

385. 
41. Kawagishi, H., and Mori, H. (1991), Biochim. Biophys. Acta 1076, 179. 
42. Dunn, M. Y., and Burghes, A. H. M. (1983), Electrophoresis 4, 97. 
43. Gomes, Y. M., Furtado, A. F., and Coelho, L. C. B. B. (1991), Appl. Biochem. 

Bioteehnol. 31, 97. 
44. Lis, H. and Sharon, N. (1981), in The Biochemistry of Plants: a Comprehensive 

Treatise, (Marcus, A., ed.), Academic, NY, vol. 6, p. 371. 
45. Sage, H. J. and Green, R. W. (1972), Methods Enzymol. 28, 332. 
46. Bhattacharryya, L., Das, P. K., and Sen, A. (1981), Arch. Biochem. Biophys. 

211, 459. 
47. Leathem, A. (1986), in Immunocytochemistry Modern Methods and Applications, 

2nd ed. (Polak, J. M. and Vannorden, S., eds.), Wright Bristol, London. 
48. Stadtman, E.R. (1968), Ann. NY Acad. Sci. 151, 516. 
49. Morell, A. G., Gregoriadis, G., and Scheinberg, I. H. (1971), J. Biol. Chem. 

246, 1461. 
50. Moss, D. W. (1982), in Isoenzymes (Chapman and Hall Ltd.), Wright Bristol, 

London. 

Applied Biochemistry and Biotechnology Vol. 55, 1995 


