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ABSTRACT. Problems of the purification and characterisation are
considered for approximately 270 receptors (including cell surface
and organelle enzymes), which are glycoconjugates (mainly
glycoproteins) from animals, plants and microorganisms, using
various lectins (mainly lectin sorbents). An analysis has been carried
out of the stages of lectin affinity chromatography of receptors
(choice of detergent, use of organic solvents, elution with
carbohydrates, etc.). Examples are given of procedures for the
purification of receptors, including the use of paired columns and
combination chromatography on lectins. The possibility of
separating sub-populations of receptors using lectins has been
demonstrated. Examples are given of the use of lectins in the
analysis of the oligosaccharide structure of receptors. Cases are
recorded of the interaction of receptors with endogenous lectins and
of receptor lectins with endogenous glycoconjugates. It has been
shown that lectins, in combination with glycosidases and antibodies,
may be useful in the investigation of receptors.
The bibliography contains 406 references.
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1. Introduction

In recent years the study of receptors has been at the centre of
investigators’ attention due to their participation in biorecognition at
various levels of the organisation of living systems.' It has been
established that key (important in the metabolic sense) interactions
between receptors and external agents (endogenous and exogenous,
soluble and bound to cell surfaces or cell organelles) proceed in
many cases by specific bonding between lectins (carbohydrate-
binding proteins) and glycoconjugates.’®2?  The problems of
purifying and characterising receptors with a selection of lectin
sorbents or labelled lectins are therefore of interest to biologists and
chemists. A large number of publications has appeared since the
publication of the review by Lotan and Nicolson®* on the
purification of membrane glycoproteins by lectin  affinity
chromatography. These have extended our ideas on the possible use
of lectins in the study of receptors and enzymes bound to cellular
structures (see reviews??32427 for example).

The aim of the present review is to examine the purification and
characterisation of receptors of various types using lectins, chiefly
lectin sorbents.

II. Interaction of immobilised lectins with receptors

Results are summarised in Tables 1 and 2 of the use of lectin
affinity chromatography for the purification of receptor
glycoproteins, including enzymes bound to cellular structures (see also
reviews?22426) It is evident from Tables 1 and 2 that receptors
possess an affinity for a wide range of lectins. Wheat-germ lectin
(WL) is the most frequently used which is explained by the
widespread distribution on its receptor glycoproteins of polyantenna
sialylated glycans, branched residues of N-acetyl-D-glucosamine,
O-glycoside-bound N-acetyl-D-glucosamine residues, hybrid oligosac-
charides and glycans of the polylactosamine type (see below for
investigations of receptor structure with lectins).

1. Results of the use of lectin affinity chromatography for the
purification of receptors

It is evident from the data shown in Tables 1 and 2 that the use of
wheat lectin enables 50 — 100-fold purification of Ca-channels, opioid
receptors and glycoproteins of olfactory neurones,*:61,7490.117,193
Concanavalin A (Con A) is highly effective in the purification of
phospholipase A; (165 times, based on enzyme activation?*?’%) and
pea (Pisum sativum) lectin in the purification of fibroblast
glycoproteins (58 times, by affinity HPLC '37). Some lectins, which
are relatively rarely used in lectin affinity chromatography, may also
prove to be extremely useful, e. g. castor-oil plant (Ricinus communis)
lectin (CL) in the purification of the glycoproteins induced by
Epstein—Barr virus and of the cholecystokinin receptor [144 and 440
times respectively,”®?%* gorse (Ulex europaeus) lectin-] (GL-I) in the
purification of the cholecystokinin receptor (300 times)®®] and the
lectin from seeds of Vicia bungei which is specific for a-mannose in
the purification of opioid receptors (200 times®®). Lectin affinity
chromatography is the most efficient step in receptor purification in
these and in other cases (see Tables 1 and 2).

Stabilisation of receptor preparations is achieved by lectin affinity
chromatography. This is important for their preservation (for
example, in the case of dopamine receptors’®). This is evidently
linked with the removal of contaminating hydrolases and oxidases.*?
Occasionally investigators have found activation of receptors in
eluates from the lectin sorbent, as in the case of receptors of
insulin,®® phospholipase A; 2% or Ca?*-dependent peptidase.?®®
Activation of the glycoconjugates indicated above may occur both
by the removal (separation in eluates) of inhibitors (glycoconjugates
and proteins) and by the stabilisation of receptors in comparison
with an unstable control (before purification). An appreciable
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increase in the yield of receptors, up to 150% of the initial activity,
is achieved in specially selected cases.?®

Simple immobilisation of glycoconjugates (low yield at a high
percentage of binding) with their simultaneous purification from
contaminants is possible during affinity chromatography on lectins.
This occurs in the case of «;-adrenergic and lactogenic receptors,
epitectin (Ca-antigen), receptors of thyrotropin and interleukin 4 and
sulphotransferase 6%108:112.163,214.256 A ¢ in other cases of oligomeric
receptors, subunits with a predominant affinity for the given lectin
(glycosylated subunits) are bound primarily with the lectin sorbent
and provide subsequent directed assembly of the receptor
(the addition, for example, of non-glycosylated subunits) as in
the case of receptors of o-latrotoxin, fibronectin, insulin-like

growth hormone, ¢cGMP-channel, Na* ,K*-ATPase and antigens
43,123,134,201,235,302,303

of trypanosomes and also receptor com-
plexes,51:126.202
Table 1. Purification of receptors (R) on immobilised lectins (IL).
Receptors, sources, schemes of purification Result of using IL (yield, %; Refs.
(sorbents) purity, times in parentheses,
notes)
Receptors of cations, low molecular compounds, receptor complexes from
animal thssues and cells
Animal gut Na* /glucose transporter, 75 kD Con A (b) [28)
Hexose transporter from hamster ovocytes %)
deficient at Lec-1, 40 kD form WL (10-20% b),
Con A (80-90% b)
55 kD form WL (2540 b)
Con A (6075 b)
GABA transporter from bovine brain, 80 kD WL (b) {30]
Serotonin transporter from chromaffin granules | WL (b) [31)
of bovine adrenal, 80 kD
DEAE-HA-+PC-WL
L-Glu transporter from rat brain WL (50%; 12 times) 132
GABA mmpom/b(}lu transporter from rat WL (20%; 6 times)* [33]
brain WL -+ HA - D
R for L—Glu from Nephrops muscle, sensitive to | Con A (57%; 178 times)’ [33)
quisqualate, 74+65 kD
Con A~ Ultragel
GP from Na*-channel from locust brain WL (34%; 2.7 times) [34]
neurones/saxitoxin R, 240260 kD Con A (33%)
Na*-channe] from the eel Electrophorus Slug L better than WL 135)
electricus, 285 kD (out of 11 lectins)
Na*-channe] from presynaptic rat brain WL (80% b) 136, 37)
membranes
GP of K *-channel from rat brain/dendrotoxin- | WL (44%; 6 times) 138)
binding R, DEAE - AC—+ WL
Na*-Ca?*-exchange GP from dog heart WL (50%; 1.7 times) 1%9]
sarcolemma, 160 kD, DEAE - WL
Na*-Ca?*-exchange GP from the outer segment | WL (20%; 1.7 times) [40, 41)
of bovine eye rods, 215 kD, DEAE -» WL CL-2 (b)
Ca®*-binding GP from bovine heart sarcolemma | WL (> 60%)** [42)
GP of the ¢<GMP entry channel from bovine eye | Con A (63 kD b)** [43)
tod photoreceptors, 63 +240 kD outof SL

Table 1 (contd.).

Receptors, sources, schemes of purification Result of using IL (yield, %; Refs.
(sorbents) purity, times in parentheses,
notes)

Na* /K" -antiporter from rat renal brush border | Binding with S biotinyl-L*** | [44]
membranes

Com})lex of 1 #dlhydropyndme R and WL (70%; 3 times) 145}

* channel from chick heart
DBAB - Hexylamine -» WL

Dihydropyridine R/Ca?*-channel blockers from | WL(1) (70%, 24 times)* 146}
rabbit skeletal muscle, 142+ 56 +30 kD, WL(2) (66%; 1.7 times)
WL(1) -» DEAEMHPLC) -» WL2)

Chick heart Ca?*-channe] seasitive to Con A - WL (42%; 132 times), | (47)
dihydropyridine, 140 kD, including WL (88%; 97 times)*
DEAE~Con A~ WL

Dihydropyridine R from rabbit skeletal muscle WL (85%; 14 times)* 148, 49]
53+160 kD, WL-DEAE-Dihydropyridine

Com of dihydropyridine R and WL (38%; 39 times)* [50)
Ca?*-channel from rabbit skeletal muscle,
340 kD, WL - DEAE
Complex of dihydropyridine R and rabbit skeletal] WL (100% b), affinity for [51, S18]
muscle dystrophin, 360 kD 42U of dihydropyridine R
(36+43+52+61+94kD)WL-»DBAE in the case of Con A and WL
Ca?*-channel blocker R from rabbit skeletal WL (b) (s34
muscle, 56+ 150 kD
Com;lex of dibydropyridine R and L type WL (b) 153}
Ca®* channel from bovine adrenal,
185-190 kD
wylike component of Ca?* -channel from chick | WL (removal of component 154]
heart muscle, 139 kD 197 kD)
Inositol triphosphate R from boovine aorta WL (46%, 2.4 times) [55)
smooth muscle microsomes, 224 kD
Heparin—WL
Inositol triphosphate R from rat cerebellum, Con A (60%; § times) [56 58]
260 kD, DEAE - Heparin - Con A - GF;
Heptnn-t(‘onA-oMono Q(HPLC)

Opioid R from chick, rat, bovine and human WL (40-60%; 30 times) [59)
brain best of 7 lecting

Opioid R from rat brain, 45 kD Vicia bungei Ohwi L (60}

(200 times) better than WL
Complex of opmxd R and rat brain guanine- WL (20—50%; 100—40 times) | [61]
binding protein sensitive to whooping cough

toxin, 41+39 kD, WL - Phe

Opioid R from neuroblastoms — glioma hybrid WL (b) [62)

NG cells 10815, 58 kD
Opioid R from human placenta WL (of § lectins) [63, 64]
ap-adrenergic R from mouse BC3HI and WL (affinity for the hamster (65}
hamster DDT! smooth muscle cells celf R was 6 times weaker than
for the mouse cell R)

ay-adrenergic R from rat brain and liver, WL (45%; 8 times, brain) [66]
Heparin » AC~+ WL (48%; 2.6 times, fiver)

binding—100%

ap-adrenergic R in a complex with guanidine- WL (68%; 5 times)*, removal | [66a]

binding protein of unglycosylated guanidine-

binding proteins

ay-adrenergic R from DDT1 and MF2 muscle WL (70-90%; 10 times, 67
cells, 80 kD, binding > 90%)

Antagonist » WL - GF (HPLC)
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Table 1 (contd.). Table 1 (contd.).
Receptors, sources, schemes of purification Result of using IL (yield, %; Refs. Receptors, sources, schemes of purification Result of using IL (yield, %; Refs.
(sorbents) purity, times in parentheses, (sorbents) purity, times in parentheses,
notes) notes)
i 1 %; 21 ti 89
uyadrencrgic R from human thrombocytcs, 64 kD) WL (74%; S times I66] Towain R from buman IM9 lymphocyte ot e B ) #
AC - Heparin -» WL —+ AC + Heparin CL-2 (30%; 50 times)
PL (25%; 26 ti
B-adrenergic R from mouse $49 lymphoma cells | WL, Con A (effect of [69] LL Ezoo/: 15 u::g
swainsonine) binding > 75%, Con A (10%; § times)
yield 50% i
. IR %0
Bradrenergic R from turkey erthrocytes 6L @iflrencesfom ) Insulin R from rat skeletal muscle WL (80%; 70 times) [90a}
mammalian R)** WL - Insulin WL (94~ 120%; 7 times) 1]
Bradrenergic R from hamster erythrocytesand | WL, Con A tissue m Insulin R from rat brain and liver, Con A (93%; 36 times) 2]
lungs, 62 kD specificity SU 135+95 kD . WL (94%; 2.3 times,
Dopamine D1 R from bovine brsin and WL, Con A (but not SL, AL | [72] DEAE ~ Con A~ Inaulia ~ WL remoal of iakfinax)
parathyroid, 64 kD Fomyepide R from abbit petoea AC~WL (14%; 203 times) | 93]
trophils, 50— Leu-
Dopamine D2 R from bovine brsin caudste | WL (but not Con A) ) petophil, 070D (Met-Lew Ph) WL
nuclei Vasopressin V1 R from rat liver, 5868 kD, WL (84%; 6 times) [%4]
Dopemine R from bovine brein caudste nuck, | WL (52%; 49 times) 74 GF -+ WL ~HA ~ DEAE
95 kD, AC » WL Peptide transporter from rabbit small intestinal | WL (b) 195
brush border membranes, 127 kD,
Dopamine D2 R from bovine caudate nuclei and | WL (b 68%; yield 100%, [75) WL - DEAE
olfactory tubercle separation of forms of R**
Vasoactive intestinal peptide R WL (b 50%;)**, [96}
Dopamine D2 R from bovine striatum, WL (80%; 10 times), {76,717 (neurotransmitting hormone R) from rat but not Con A
WL -AC; AC+GF-+WL stabilisation of R livet, 80+ 56 kD
Cocaine R (dopamine transporter) from bovine Con A (b) [78} Vasoactive intestinal hormonal peptide R from WL (b) 97
striatum synaptosomes rat lung, 58 kD
Dopamine transporter from rat brain caudate WL (b)** 179} Cholecystokinin R from rat pancreas, 8090 kD, | CL-2 (about 100%; 440 times) | [98]
nuclei and striatum, SU 58 kD Con A (no b) CL-2 - Affigel
Dopamine transporter from dog brain striatum | WL (95%; 10 times) [80} Cholecystokinin R from rat pancreas, 95 kD GL-1 (47%; 300 times) %9)
S-Sepharose —+ GL-1 » GF better than WL
Histamine H1 R from mouse smooth muscle Con A (30%; 25 times)** [81]
diffecentiated BC3H]1 cells, 68 kD Cholecystokinin R from rat pancreas, 85-95kD | WL (b)** {100}
Octopamine R/ncurohormone R/adenyl cyclase | Affinity for Con A**(blotting)***| (82} R from liver bile duct cells, 110 kD WL (b) {101)
activator R from luminescing organs of the
glow-worm Photinus Pyralis, SU 75 +79 kD R of luteinising hormone and choriogonadotropin | WL (70%; 18 times)** [102-104]
from rat ovary, 73 kD or %0-93 kD,
Muscarinic acetylcholine R from porcine WL (55%; 20 times) [83) WL-Choriogonadotropin
atrium cordis
R of luteinising hormone and choriogonadotropin | Con A (30—40%; 4—10 times) | {105]
Acetylcholine R from bovine brain cortex, 73 kD | WL (b 90%; yield up to 65%)**| [84] from porcine ovary
Con A** Sepharose 6B -+ Con A
Acetylcholine R from rat muscle fibres WL (b) [85) Lutropin R from porcine ovary, 22+40+66 kD | Con A (50-75% b) [106]
Hormone —+ Con A
Acetylcholine R from rat brain cortex WL better than Con A** [86, 87)
Folliotropin R from bovine testes, 240 kD WL (92%; 3.7 times) [107]
Acetylcholine R from the electric organ of the ecl,| Labelled*** [88] (SU 60 kD) DEAE-WL two types of GP
atB+y+8 (SU) L-FGA (b & and y-SU)
WL (b 8-SU) Thyrotropin R from bovine thyroid, Thyrotropin —+ GrL 1108)
Con A (b all SU) 316+115+54 kD (3%; 808 times)
Thyrotropin—GrL GrL (84% b)
Ryanodine R from rabbit brain and muscle WL (no b) [S1a, 88a) WL (0% b)
Con A (no b) CL-1 (69% b)
LL (no b) Con A (60% b)
Thyrotropin R from thyroids of patients with WL (26%; 4.7 times; 109
Receptors of peptide and protein hormones and growth factors from animal tissues and cells Graves' disease, 70+ 50+ 35 k[; bmcfrc tl:an %%) (109]
Tnsulin R from human placenta }XVL 39{ %; 22 u'me;) (9] WL - Thyrotropin
WL-LL-CL1 (45%; 14 times : e
LL (30% 15 timeo S?;xon%tflstzin; kfgmg ‘rja)t pancreas, 400 kD WL (75%; 7 times) [110}
Con A (200%; 5 times) 4
CL-1 (15%; 7 times) Somatostatin R from rat brain WL (50% b; yield 67% of (1]
Tnsulin R from human placents WL — Insulin; | WL (54%; 7. times) (90, 90s] bound form)
Con A - Insulin WL (40%; 5 times)

Lactogenic R from mouse liver, SU 62+ 100 kD
(in complex with human growth hormone 20 kD)

Con A (95% b; yield 30%)
CL1 (81% b; yield 69%)
LL (52% b; yield 38%)
WL (27% b)

(112
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Table 1 (contd.).

Table 1 (contd.).

Receptors, sources, schemes of purification Result of using IL (yield, %; Refs. Receptors, sources, schemes of purification Result of using IL (yield, %; Refs.
(sorbents) purity, times in parentheses, (sorbents) purity, times in parentheses,
notes) notes)
Lactogenic R from rat ovary Con A (yield 60%) 113, 114) Roffi “m/‘”“gggg“‘ks" liver WL () (133
Con A - Choriogonadotropin %3{‘“ Fibronectin
Corticotropin releasing factor R from rat WL 20% (b)* (1] ) L
anterior pituitary and brsin, SU 75 sad 84D | Con A () Antigen usociated with ntegrins rom plesme | WL () (136
tespectively WL — y-Interferon - B6H12 (Ab)
Growth f-transforming factor R from chick WL (b) [116 B,-SU of integri .
; g tegrin (R of fibronectin from larvae Con A (b) {137
45 buman tiwue, mouse 3T3 ocll of smphibian Pleurodeles wal
Platelet growth factor R from porcine uterus WL (9% 90 times)* {17 GF-Con A
WL ~ Mono Q - (Ab to phosphotyrosine) Transferrin R from mouse NS-1 plasmacytoms | 4L (b GB)* (138]
Fibroblast gkrDowth factor R from bovine brain, | WL (100% b, to (18] cells, SU 9095 kD
125-165 remove heparin . . .
DEAE — Mono Q -» WL ~ (Growth factor) ngfil%:nk.bl)( from chicken oviduct, 180 kD 4L (bGP) [139}
lnsulivlike growth factor | WL (Purificaion 3672 times) | [119] Vitconetia R from humaa M2! melanoms Con A, LL (9 (140}
R from omocytoma PC12 l
cells and bovine adrenals J
Insulin-like growth factor 1 WL () [120) V}‘mﬁ“““i‘t“wﬁb‘m R WL o) (141}
R from human placenta LM 609 ( Ab)m-oWL
R for platelet-derived growth factor from WL (o) 121 Intea . _
. grin ;s (adhesion R of vitronectin) WL 142)
cat brain, 145 kD from kmmen placeata, ® e
Growth bormone R from cultured human WL better than Con A, 123 LM 6-5-MN142-WL
tymphocytes 1L, a1, ﬁ;amﬁu R &m&mn-m g) fro?): h9m:nb WL (9b 100%) (143
" ial cel lines, 150 +(110— 125)+95
Insulin-like growth factor I1 WL (b) (123 o h
R from buman lipid cells, 260 kD AC - WL -+ (Ab to GP-Illa)
(SUET+60 kD) Laninin R (200/120 kD-integri) of BS0 WL () (144
Heparin-binding growth factor R from human | WL (t)** (124 seurobjtoms ol (ntegrn o)
hepatoma Hep G2 cells, 130 kD Lainin
mnkmf? wad gyt &olouy:oum WL (b) [1249) mmm m xv;:icn WL (b) {145
t om human phﬂﬂl neut v
teukemic cels lines, 84 kD gxl%tjan:nbcrofthccadhmnfamﬂy).mkb
WL (@7%; 13 times)® 12 .
wlatereton R from buman lymphoblatod 7% ) (12 Adhesin R of neural cells from C2 muscle cells | AL (5) (146]
Human B-anferou R 10D WL (90% b yield 68%) (126 M““’“w mm‘;:m‘m“ lf;g“klﬁmse OTT&0S0 | CL-1 (b) 147)
WL - Al
yInterferon R from human foreskin fibroblasts | CL-1 (100%; 26 times) (121 Gfﬁ'g“kg &%{‘“‘“ﬂ o [Willebeand factor R, :"n‘} gﬁ“ﬁ{)‘l of actin [148)
Interferon - CL-1
y-Interferon R from human placenta, 90 kD WL (b)** [128] G:;&gfommmh”” Rtovessd | WL(}) [149]
WL - Interferon WL - DEAE
Other roceptors nad ankeual autigons GP-TIb/lla of human plaeies Con A (b GPIb/Illa+ [150]
Complement CR1 R from buman peripheral | LL (b) [129) Con A - Heparin - GF ~ WL %‘%‘ngﬁ}mﬂgﬁﬂl
nerve myelin, 190 kD
]mmunoglobuh& Fc-trqmn& l:hrﬁ:nm . LL () (130] G{LIY'OVfJEW platelets LL (removul of GP-IIb/Tlla [151)
patients wi ic leukemia
IL- clg'“ WL ® GP v, Ib)
s Mactogobui R fom hunta placents, WL (b) (134 GEIV of hunan platchts (CD 36-4ke) BID | WL () (17
m ’
GF ~ Macroglobulin -+ Moo Q-+ WL GP-V of human platelets WL (66%; 7 times)® )
Mouse lactotransferrn R, 130 kD Con A, L-FGA (b (132 Superouc 12+ Mono Q-+ WL
, GP-IX of human platelets, 17 kD WL () (154
Fibronectin R from rat bepatocytes and WL ) (133
fibroblasts, 155-+115 xhﬁp' . WL ~ (Ab to GP-Ib) » GF (HPLC)
WL - (Fibronectin hexapeptide) Thromboxane A-2 Riprostagandin H2 R from | GF WL (2%; 1620 times)* | [155]
SU R of mouse sarcoms fibronectin, 135 kD | WL (no b, purified by (134 human
&LL-»WL-AC-»HA filtration) GF - WL - Red agaros - GF (HPLC)
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Table 1 (contd.). Table 1 (contd.).
Receptors, sources, schemes of purification Result of using IL (yield, %; Refs. Receptors, sources, schemes of purification Result of using IL (yield, %; Refs.
(sorbents) purity, times in parentheses, (sorbents) purity, times in parentheses,
notes) notes)
Glycocalicin of human platelets WL, Con A, CL-1** E-FGA | [156, 157] GP of adipocyte ghosts from porcine great PL (b) 1181)
WL - Mono Q omentum, 47+79 kD
' , PL - DEAE - GF
Bean lectin R from porcine spleen lymphocytes FGA (b) [158)
. . Lipoprotein R from insect fat body, 120 kD Con A (b)* [182)
Peanut lectin R from mouse immature AL (b) [159] DEAE +HA -+ Con A= AC
thymocyles, 170 180 kD
. . R of cytolytic (antitumour) activity of mouse WL (b) [183]
GP Thy-1 (antigen) of mouse thymocytes Con A (83%; 19 times) [160) peritoneal macrophages, 153+ 140+90 kD
Con A - (Ab to Con A) - GF
Antigen Thy-1 of mouse thymocytes, less than Thorn apple lectin [161] R for the activation of cytotoxic activity from Eristalis L (b) [184)
77kD+28 kD (<27 kD not b 50%; mouse macrophages, 460 kD (110+170)
0/
retarded 25%; 28 kD b aad R for Mycoplasma presmoniae microbe from | WL (b) (185]
desorbed 25%) human lusg MRC-S fibroblasts
Mammalian interlcukin 3 R, 140 kD WL G) (162 GP of type I alveolar oels of rabbit snd rat | Maclura L (5" (184
Interlukin 4 R from gibbon WL (35%; 4. times) 1163 lung, 230 and 200 KD respectively
MLA 143 ine Tymphocyies, 30 KD ) GP from human diplid fbroblast PL (purfcation 58 tmes) | 187
PL (HPLC), Con A (HPLC) Con A (purification 6 times)
CDwld ntigen from T-tymphocyis of patients | WL () e GP inducd by aldoserone from toad bladder | WL (purification 20 times) | 188
F10-44-2 (MAb) - DEAE WL - CM -» GF epitheia cel, 65+70 kD Cond )
Leukotialin sisloformin, CD 43) from human | WL and CL-1 (b 100%), (165 Epidermal factor R from A-431 cells, 170kD | Con A and LL (b OS)** 189]
levcocyies (MOLT-4 celh), 95 kD Qon A and LL (partal b Unigue kiduey antign in human renal diseas, | Thom appleperoridase L (5) | (190]
BOTpHOn X e BN 98+ 105 kD out of 5 L*%*
(except for WL)**
s . GP-1I from chromaffin granules of bovine WL (b) [191)
Leukosialin from human line HL-60 WL (b) [166] L
%myi?w adrenals, SU 80— 100 kD
= GP-1 ssociated with ovocyte lysosomal Bovine heart La (b), (19
Leukosialin from human K562 erythroleukemic | WL better than other lecting | {167) membrancs from the chinese hamater, Tomato La (b)
ukocytes, 105 kD SU 135+ 115 kD
Lymphocytic antigen from membrane, 28 kD LL (b)** (168) Tmmb&wkgl’ from frog olfactory WL (50 times) (193]
g . ") H H "
o o °.°“““f““ fucose from human | Aleuria lectin (b) 69,1701 ) tigen B8 from rat olfactory neurones, 215 KD | WL, CL (b asialoGP) 194
DEAE - (slurs lectin) P o lodndropll culured o, 39+ 77 KD | WL e than Con A, 1199
GP containing A-antigen from human blood Snail lectin (b) (1 IEC~WL LL (no b wi
oup A (1) ety 00 £D LL SL, dolichos L)
(SU42-35 kD) GP from bovine brain oligodendrogls, WL (yield 70%) [196]
GP containing Cad-antigen from human blood | Dolichos L better than 117 gé' ”vk,'i
Cad-group erythrocytes snail L, WL, E-FGA, -
Maclura L GP from human brsia myelin and AL ) 197
Glycophorin M from human blood St*-group | LL (removal of glycophorin N) | [173] Slgodendrooytes, 120 kD
erythrocytes
Glycoprotein precursors of blood group N Vicia nijuga L (o), AL (b) 174 Antigen of mouse cezbellum Puring cell Con A ) 199
antigen with Thomson — Friedenreich (T) GFCon A=GF
antigen activity from patients with malignant —Lon A~
carcinons of the ovacy (Vica uniuga L)->AL GC binding hyaluronic acid from Sweck mouse | WL (69 100%; 22 times) | [19]
H H 10,
Glycophorins A, B, N from human blood LL (o glycophorin N b) 179 buin (0C i "g‘n"““ 50% proteogtycans)
Dantu-group erythrocytes ~GF~D!
. . R for a-latrotoxin (neurotoxin) from bovine WL (70%; 4 times), b [200, 20t}
Glysephortn A B, C. E from bunsn WL (eparation of A+B+C | 117] b s, 300 20D (OB0+ 1604 0+ 5) | S0 of toin (00+ 180
WL(HPI.C)—’CIIH.M DEAE -+ WL - Ab
Glycophorin A from buman MM- and WLO 0% for MMand | (1771 Compls of sorpion atorn with ratbrsin | WL (bfSU of Nechame) ) [20)
NN-erythrocytes 70% for NN), CL-1 (b of e
asisloglycophorin) GP of cows milk lipid droplets GP-1, 2, 3, Con A, WL 203
Gonococcus R from human erythrocytes Con A (b) [180) 45,67 g;;’ i‘ §b jed

(band-3), 186 kD (SU 93 kD)

GP-7 not b
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Table 1 (contd.).

Table 1 (contd.).

Receptors, sources, schemes of purification Result of using IL (yield, %; Refs. Receptors, sources, schemes of purification Result of using IL (yield, %; Refs.
(sorbents) purity, times in parentheses, (sorbents) purity, times in parentheses,
notes) notes)
R for endogenous factor —cobalamin from WL, LL and Con A [204) . P I
TR (Ve Raeubtn stow LR w010, |20 Z
WL (b 75 kD) by Epstein—Barr virus
LL and Con A
(b75+65+43 kD) R for measles virus from Vero cells LL (b) [225)
Histocompatibility antigens H-2° from mouse WL (80%; 8 times) 1205 PL )
RAL S pumout el R for the minor group of rhinoviruses from | LL (yield 100%) 26
human HeLa cells, 450 kD CL-2 (yield 100%)
- 0,
Other class I histocompatibility antigens $ lecting?*** [206-208) LL~GF~IEC Con A (sicld 20%)
Transcript GP of nuclear pore membranes succWL (b)** [227)
Gcl:l;f mouse small intestine and teratocarcinoma | Dolichos L [209) of monkey COS-1 cells, 62 kD
Dolichos L - dolichos L Glycoconjugates of inducers of buman and animal diseases
GP binding collagen from mouse MDAY-D2 WL (b) {210, 211] Recombinant GP-160 of HIV-1 from Verocells | LL (b) (28]
horeticular tumour cells infected with two vaccinia viruses
(collagen type I R), 110+ 130 kD LL -» (Ab to GP-41) » mono Q- LL
WL - L.FGA -~ GF
) ) Prion GP from brains of hamsters with LL, CL-1 (b asialoGP)** [229)
GP from human embryonic PA-1 carcinoma Thom apple L (b) [213) virus-like infection, scrapie type of illness, out of 6 lectins
cells, 80—120 kD 2%+28kD
R for type I fimbrise (lectin) of . col from Fimbriac type 1, by Autigen of the paeumonis initiator, Con A better than WL [230)
guinea pig erythrocytes, 65 kD Con A (b)** Preumocystis carinii bacteris, from infected (SL and asparagus lectin
ferret lungs, 66—110 kD o b)
SialoGP of Morris hepatoma 7777 cells WL (b) [178} Superose-12 - Con A
Epitectin (Ca-antigen) of human pharyngeal WL (irreversible binding) 1214 Bacteria! antigens (vaccines) of the Bordetella L(b) (231
carcinoma cells, 1-1.5 MD (390 +350 kD) family
Ab-WL
) . . GP from the coating of spores of Con A (b) [232)
Prencoplastic antigen in liver carcinogenesis Con A (73%; 6 times) 215} Bacillus sphaericus 1593 (toxin for gnatworm)
from malignant nodes of rat liver, Culex pipiens
145 kD (2 SU)
GF+Con A GP of plasma membranes of Spiroplasma citri, Con A (b) [233]
84D
GP of human malignant melanoma SK-Mel-37 Con A—-WL (b) 1216}
cells, 110 kD Antigens of promastigotes of 14 strains of Potential fectin sorbents [234]
Con A-WL Leishmania, 1486 kD (14 L)**
GP of rat hepatoma cells, 130 kD Con A (b) 17 Surface antigens of protozoa Trypanosoma Con A (separation of 94 [235]
Con A - GF — (Ab to alkaline phosphatase) brucei brucel variant AnTat 1.1, 60+94 kD and 60 kD)
Con A -+ HPLC (RP)
GP of rat liver and Morris hepatoma 7777 cells, | Con A (HPLC) (b) [218]
60+80+100 kD Antigens of epimastigotes of protozoa WL (different affinity for [236]
Con A (HPLC), Con A Trypanosoma cruzi (72 kD) and specimens cach antigen)
of the metacyclic (90+85+ 55 kD)
Antigen from Walker 256 rat carcinoma WL (removal of 98% [219) CB ~DEAE - WL - Con A - GF (72 kD)
cells, 57 kD contsminating protein) CB - DEAE -+ WL - HA - Con A (55 kD)
CM-WL-Phe; Con A
GP-85 of infectious tripomastigote form of WL - WL [237
GP of human embryonic PA-1 carcinoma Thom apple L (b) [166) Trypanosoma cruzi, including sialic acid and
cells, 80-120 kD residues of fucose and o-1,3-galactose
GP of HM-1 pluripotent embryonal carcinoma Phytolacca L (b 48%) [220) Protective Ag of ringed tick (vaccine), 86 kD WL and Con A (b) [238]
cells, more than 90 kD Tho/mbz;pple L and lotus L WL - Con A - EP » WL - GF (HPLC)
(17% b),
PTL (no b) Filarial surface antigens of adult nematode — Con A, WL, SL, lotus L [239)
parasites Brugia malayi, 29+ (17—-200) kD
Dystrophin complex from rabbit dystrophic WL (removal of myosin and [t, 221)
skeletal muscle, 156+ 50+43+35 kD ATPase) Tegumental glycoconjugate antigens of adult Con A and LL** {240-242)
specimens of Schistosoma mansoni, (out of 7 lectins)
Tumour antigen associated with Herpes simplex | Con A (b) 1222 23-300kD, 24kD
virus from human liver carcinoma, 70 kD
GF -+ DEAE +~GF »Con A G};gfk%chmsoma mansoni from infected mice, | AL (b) [243)
GP of BNK-21 cells infected with Herpes simplex | Con A (b) [203)
virus Virulence antigens of the 3rd stage of the LL (b) [244)
nematode —parasite Trichinella spiralis
Major GP induced by Epstein—Barr virus, CL-2 (100%; 144 times) [223)

320kD
DEAE - CL-2
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Table 1 (contd.).

Receptors, sources, schemes of purification Result of using IL (yield, % Refs.
(sorbents) purity, times in parentheses,
notes)
Glycoconjugates of microscoplc fungi

Adhesin R of cells of the slime fungus WL (b) [245]

Dictyostelium discoideum at a late stage

of development, 95+ (40— 50) kD
GP-34 specific for the ‘stalk’ stage of the slime WL (b) [246]

fungus Dictyostelium discoideum NC4

(absent from spores)

Antigens of the mycelial fungi dspergillus Con A (b) [247)
Jumigatus, Mucor pusillus, Petriellidium boydii,

Trichophyton rubrum

*Lectin affinity chromatography was the most effective purification
stage;

**Investigation of receptors in combination with their treatment
with endo- and exoglycosidases;
***Affinity for labelled lectin.

Abbreviations used

Ab—antibody;
MAb—monoclonal antibody
AL—arachis lectin
Asn—asparagine
ATP—adenosine triphosphate
AC—affinity chromatography
b—binding
BSA—Dbovine serum albumin
CB—Cibacron Blue
cGMP—cyclic guanosine
monophosphate
CL—=castor oil plant lectin
CM——carboxymethyl
Con A—concanavalin A
DEAE—diethylaminoethyl
EP—electrophoresis
GF—zgel filtration
GL—gorse lectin
GP—glycoprotein(s)
Gp—zglycopeptides
GrL—griffonia lectin
HA—hydroxyapatite
HIV-1—human
immunodeficiency virus type 1
HPLC (RF)—high performance
liquid chromatography
(reversed phase)
IEC—ion-exchange
chromatography
L—Ilectin(s)
L-FGA, E-FGA—bean lectin
(leuco and erythro forms)
LL—lentil lectin
OS—oligosaccharides
PL—pea lectin

PS—phosphocellulose
PTL—potato tuber lectin
SDS—sodium dodecyl sulphate
SL—soyabean lectin
SU-—subunits
succWL—succinylated wheat-
germ lectin
Receptor nomenclature from
Trends in Pharmacological
Sciences, 1991, Supplement,

35 pp

Purification of receptors or separation of their subpopulations is
also possible by retardation of the glycoprotein during elution
from the lectin sorbent without the use of desorbing carbohydrates
(.e. due to weak affinity interactions with the lectin).!61:20%284
Separation by retardation on elution has also been described for
mixtures of glycopeptides when using immobilised bean or castor-oil
plant (Ricinus communis) lectin which confirms the effect of glycans
on elution behaviour.

The simplest procedures for purifying receptors comprise
filtration through one lectin sorbent (absence of binding) and
binding with another lectin sorbent (concentration of receptors) for
example by the scheme: wheat-germ lectin (WL™)»Con A™ or
Con A">WL™, as in the case of trypanosome antigens or rat
kidney ATPase.2¢*°! Other purification schemes are also used, for
example lentil (Lens culinaris) lectin (LL*)->WL™ (fibronectin
receptor'**), LL* -Con A™ (prothrombin precursor’!’), WL* ~
LL* >castor-oil plant lectin-l (CL-1*) (insulin receptor®®),
WL™* —bean leucoagglutinin (L-FGA*).2'%2!! The combination of
Con A" > WL" is used in the case of melanoma antigens, dipeptidase
IV and Mg?*-ATPase,?16290-21.305 314 WL* -Con A” in the case
of the protective antigens of arthropods.”®®* The examples of
combination chromatography on lectins indicated above enable the
separation of multiple forms (subpopulations) of receptors and an
increase in the overall yield of any receptor heterogeneous in the
carbohydrate portion. An example of appreciably increasing yield is
the purification of dipeptidyl-dipeptidase IV by affinity HPLC on
paired columns of immobilised Con A and WL.%! In several cases
rechromatography of antigens and receptors on immobilised LL,>%
WL,%:%% dolichos (Dolichos biflorus) lectin®® or peanut (Arachis)
lectin®” is used.

As is evident from Tables 1 and 2 the maximum degree of
purification of receptors when using a particular type of lectin is
achieved in the majority of cases by varying the first stages of
purification immediately after solubilisation of the receptors with
detergent. However it must be remembered that chromatography of
crude preparations may lead to irreversible contamination of the
lectin sorbent and a reduction in its affinity capacity.!?>!%:!
In addition preferential binding of some receptors at the expense of
others to WL at the first stage of purification may be expected, for
glycoproteins from thrombocytes for example.

Lectin affinity chromatography of receptors is frequently used in
combination with other affinity sorbents. Paired columns of
immobilised thyrotropin and griffonia (Bandeiraea simplificifolia)
lectin-I (GrL-I) enable thyrotropin receptors to be purified
808-fold.’®® Immobilised heparin and WL are convenient, following
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(Con A)-sorbent, for the removal of thrombospondin and fibrinogen
from a preparation of thrombocyte glycoproteins IIb—IIIa.!>
Immobilised WL is convenient, following immobilised fibroblast
growth factor (elution of heparin receptors), for the removal of
heparin from the receptor preparation.''® After chromatography of
thymocyte Thy-1 antigen on (Con A)-sorbent immobilised antibody
to Con A was used to remove lectin molecules partially washed out
from the sorbent with desoxycholate.'®® When purifying carcinoma
cell galactosyl transferase the filtrate from the (CL-1)-sorbent was
applied to immobilised N-acetyl-D-glucosamine 2%*

Table 2. Purification of enzymes (receptors) bound to cell surfaces
and organelles with immobilised lectins.
Enzymes, sources, purification schemes Result of using IL (yield, %, Refs.
purification, times, notes)
Oxido-reductases
L-Trp oxidase of ficld cabbage (peroxidase-like) | Con A (83%, 4 times) [248)
Ribonucleotide reductase of rat liver, SUSY kD | Con A (b) [249]
Peroxidase from human placenta Con A (90%, 20 times); 1 {250)
removal of eosinophilic
peroxidase, mycloperoxidase,
catalase and cytochrome P-450
Dopamine-p-hydroxylase associated with the Con A (66%; 120 times)* [251)
p-adrenergic R from bovine adrenal medulls
Con A~DEAE-GF (HPLC)
Dopamine f-hydroxylase from rat adrenal, Con A (removal of [252)
300 kD (SU 75 kD) chromogranins)
Con A - GF (HPLC) - IEC (HPLC)
Tyrosinase from hamster melanoma Con A (80%; 7 times)* 1253}
DEAE +GF -+ Con A
Teansferases
N-Acetyglucosaminide-p-1, Lgalnctolyl CL- (no b) [254)
transferase of mouse F9 carcinoma cells
IEC - XL -1 - Acetylglucosamine —
a-Lactalbumin
Galactosyl transferase of the Golgi apparatus Con A (73%; times) [255)
of the buddmg yeast Schizosaccharomyces GL-1 (b)
pombe, 61 kD
DEAE (HPLC) -+ UDP-hexanolamine -
Con A ~Mono Q
Tyr-protein sulphotransferase of the Golgi WL (b 37%)** [256)
apparatus of bovine adrenal cells, 5054 kD
N-Heparan-sulphate sulphotransferase of rat WL (44%; 3 times) 1257)
tiver, 97 kD
DEAE - Heparin -+ ADP -» WL
Oligosaccharyl transferase, stabilised with Con A (b) [258)
phosphatidylcholine, of calf thyroid microsomes
Ty kinase of cat beain (R of colony WL ()" (121, 259)
stimulating factor type 1 or obtained from
growth factor of thrombocytes), 145 kD
Tyr kinase of insulin R of rat brain and liver WL (b) [260, 261)
Protein kinase/interleukin-1 R from rat tiver WL (b) (26)
mesangial cells in culture (SU 48 kD)
Pl\ocpholambm kinase of mammalian heart affinity for Con A [263]
sarcoplasmic reticulum cells, SU 56+ 53 kD

Table 2 (contd.).

Enzymes, sources, purification schemes Result of using IL (yield, %, Refs.
purification, times, notes)
Arginine-specific ADP-ribosyl transferase of Con A (88%; 50 times)* [264]
animal skeletal muscle microsomes, SU39 kD | WL (zo b)
DEAE-Con A-GF (HPLC)
Poly A polymerase of the nucelar membrane of | Con A (5 times)** [265)
rat liver cells, 64 kD
Estorases
p-Nitropheny! acetate esterase type A from Con A (80%; 3 times) [266]
1ot liver microsomes, 61 kD
Con A +GF - DEAE -+ HA
Carboxy esterase E1 from rat liver Con A (b)** (267}
microsomes, 175 kD (SU 59 kD)
Peptidase associated with acetylcholinesterase Con A (b) [259)
of the electric ecl and ewe brain basa! ganglia
AC-GF-Con A
o?hme of fly integument, 180kD | Con A (b) 1268)
Con A-G]
Phospholipase A-1 of rat liver lysosomes Con A (156%; 165 times)* [269, 270)
Con A - Chromatofoc. » GF;
(Orange+ Red agarose) -+ Con A - Phe
Acid phosphatase of promastigotes of Mexican Con A (72%; 14 times)* 7]
and Brazilian Leishmanii (inhibited with citrate)
GF - DEAE-Con A
'-Nucleoudm/nucleue of promastigotes of Contains Asn-OC, 272)
Leishmania donovani, 43 kD available for L**
-Nucleotidase of rat heart, 74 kD Con A (123%; 13 times) {273
CM - Con A - DEAE » ADP
5. Nucleoudue of rat kidney, 69 kD Con A (94%; 17 times) 1274
Con A—+AD
'-Nucleotidase of bovine thyroid, 150 kD (2 SU) | LL (81%; 10 times)* [275)
LL -+ AMP
Cell wall ribonuclease of the fungus Possible affinity for Con A [276, 277)
oryzae, similar to ribonuclease
T-2-L in carbohydrate composition
Sphyngomyelinase of human placental lysosomes, | Con A (100%; 21 times) [278)
123 kD (SU 62 kD)
Con A - Sphyn‘mylphonpharylchohnz -
Hexyl - IEC (HPL
Nucleotide pyrophosphatase of humen placents | WL (96%; 2 times) 279}
CB -+ AMP » WL — ADP —+ GF -+ DEAE
Nucleoside diphosphatase type B from rat brain, | Con A (48%; 6 times)* 1280}
75 kD (thiamine pyrophosphatase associated
with 1D4)
DEAE +Con A~ GF -+ CB -
Cu?* chelate » GF
Glycosidases
a-Glucosidase of human placental lysosomes, Con A (9% 12 times) [281)
110kD
Con A~ GF
Glucosidase I]-processing GP from cow Con A (79%; 8 times) [282)
mammary , 290 kD
Con A - HA —+ DEAE
Glucosidase I1- g GP from bean shoots Con A (73%; 10 times) {283]
and soya cell culture, 220 kD (2 SU)
DEAE -+ HA - Con A » GF
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Table 2 (contd.). Table 2 (contd.).
Enzymes, sources, purification schemes Result of using IL (yield, %, | Refs. Enzymes, sources, purification schemes Result of using IL (yield, %, | Refs.
purification, times, notes) purification, times, notes)
SU, Na*, K*-ATPase of rat brai WL and CL-1**, 303305
a-1,2-Mannosidase-processing GP from rabbit Con A (T7%; 27 times)* [284] D'(m,i;,, molecule on \:f.: di,]u;n,) mt;nm ConA [ ]
liver microsomes, 52 kD and porcine intestine, 6080 kD
DEAE ~Con A - GF -+ CB - GF
\ i kD , WL, 51,
- Fructofuranosidase from radish cell walls 4L [285] “go,,ﬂ';{i';{.;;"“(;gfg,’ musck, 107 Con A, WL, LL () B, 308
(similar to cytoplasmic)
. ATPase of dog kidney and human K562 cells WL, Con A and CL-1 (b), [307-309)
Trehalase of the American cockrosch, 110kD | Con A (48%; 32 times) (286] (P-glycoprotein), 170 kD AL (no B)
Con A»GF
ATPase ‘P’ type (forming phospho WL (71%; 2 times) [309a]
Trehalase of the brush border of rabbit renal Con A (b 20%) 1287 intermediate) from cholinergic synapses of
cortex cells of the electric organ of Torpedo californica,
Phe; Con A 110+ 104 + 98+ 60 kD
HA - WL - GF (HPLC)
Saccharase —isomaltase complex from a biopsy LL (all forms b), [288]
sample of human small intestine, snail L (b 212 and 245 kD) GTPase of rat olfactory neurones, 55 kD Con A-FITC (b)*** [310]
210+ 212+ 245 (SU 145+ 130 kD)
Lyases
N-Acetylglucosaminidase from spermatosoids Con A (69%; 2.5 times) [289)
of the surface membrane of Phallusia mammilata, Carbonic anhydrase of ovine salivary gland, WL and Con A (b)** 1311
158 kD (2 SU) 540 kD (SU 45 kD)
DEAR - Phenyl -+ Con A + EP Sulphonamide -+ WL —+ GF
Proteases Catalytic component of bovine brain adenylate | WL (30%; 2 times) [312)
cyclase sensitive to hormone, 120 kD
Dipeptidyl peptidase IV of rat liver Con A -+ WL (74%; 46 times), | (290, 291]
Con A= WL Arg, Con A (84%; 32 times) Catalytic component of the adenylate cyclase WL (52%; 12 times) B13
Con A (HPLC) » WL (HPLC) system of bovine brain cortex sensitive to
. calmodulin, 155 kD
Carboxypeptidase N from human placenta, LL (27%; 2.5 times) [292) Calmodulin + WL
280kD
HA - LL - Histargin Atrial natriuretic factor R with and without WL (55%; 1.3 times) [314)
cyclase activity (guanylate cyclase) from bovine
Carboxypeptidase M from human placenta, Con A (b) [293] adrenal glomerula cells
62kD GTP-»WL
Aminopeptidase N from rabbit intestine WL (b) 193] Particle-bound highly active guanylate cyclase of | Con A (25%; 3—6 times) [315]
. rat lung
Aminopeptidase N from porcine intestinal Con A (37% yield, removal 1294 Con A -»GTP
mucosa, 130 kD SU of SU % kD)**;
(Stilbenedisulphonate) » Con A affinity for CL-1, WL, Phosphorylated form of guanylate cyclase of sea | Con A (5 times) [316}
tomato L urchin 160 kD
GTP~ EEAE -+Con A
Peptidase dependent on Ca?* participating Con A (107%; 3.3 times) [295]
in the action of the pairing pheromone of yeast Carboxylase from rat liver microsomes dependent | Con A (b 80%) 317)
Rhodosporidium toruloides (type ‘s’ cells) on vitamin K LL (b 70%)
DEAE - Con A
Proteinase of the surface of pm::D:ﬁgom of Con A and LL (b) {296)
fous Leishmanii species, 63 kD SU T . . . .
various pecieh *Lectin affinity chromatography was the most efficient step in the
Trypsin-like proteinase/esterase specific for Con A (b) [297) enzyme purification
Arg from rat liver insulin R ks s e . . . T .
investigation of the enzyme in conjunction with its treatment with
Cysteine proteinase/neutral mgle‘l:tmne from WL ?ﬁn:}catm 10 times; [298) endo- and exoglycosidases
human malignant LOX oma cells remo metalloproteinase *okk ; i 1 ;
SU 170 kD with SU 50 kD affinity for non-immobilised lectin
Sephacryl » WL
Abbreviations used (see also Table 1)
Other hydrolases
Lipoamidase of pig brain, 140 kD WL (purification 10 times) [299] ADP—adenosine diphosphate GrL-I—griffonia lectin-I
CM - DEAE - GF » WL AMP—adenosine monophos- GTP-—guanosine triphosphate
Ampicillin acylase of bacteria Pseudomonas Contains 13% hexose with (300] phate L corr o
melanogenum, 146 kD (2 SU) probable affinity for L ATP—adenosine triphosphate RNA—ribonucleic acid
FITC—fluorescein isothio- —uridine diphosphate
NAD-bg.Izcohydrome of bovine thyroid L) [301) UDP—uridine diphospha
le thyrotropin R Cyanate
GF -LL
Enzymes are named in accordance with the International
+ + i
N;i& K ATl;‘s'igi'k'I‘)k‘d“’ cortex ‘(}:101‘: (’:‘) g-‘glll),)’ﬁ D) (302, 303] Classification (Enzyme Nomenclature, Recommendations of the
Con A -»WL Nomenclature Committee of the International Union of

Biochemistry, Orlando, Acad. Press,

1984, 646 pp).
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Tandem chromatography has also been used in other
combinations of a lectin sorbent with non-lectin sorbents. Paired
columns with immobilised Con A and phenylalanine are effective in
the purification of phospholipase A;,%® with Affigel S-145 and with
immobilised WL in the case of the thromboxane A, receptor.'®
A technologically simple procedure is the filtration of partially
purified receptors through carboxymethyl sorbents before and after
immobilised WL for receptors of interleukin 4 and glycoprotein
CDw 44.'*!% The possibilities of tandem chromatography using a
lectin sorbent are well illustrated for the thromboxane receptor
which was purified 1620-fold on paired columns directly from the
crude solubilised protein extract.'>> In addition paired combinations
of lectin and non-lectin sorbents give an increase in the yield of
receptors.!

The use of immobilised Con A, PL, WL and CL-1 in variants of
affinity HPLC is promising for the purification of membrane-bound
glycoproteins. 76187.218:291

2. Solubilisation of receptors and features of the lectin affinity
chromatography of receptors

Many factors are important when carrying out lectin affinity
chromatography. These are the solubilisation method to increase
receptor solubility, buffer composition (detergent type, organic
solvents, buffer types, pH, ionic strength, presence of metal cations
or EDTA, the need to reduce disulphide bonds in proteins, protease
inhibitors, phospholipids, etc.), method of application, washing and
elution, times and temperatures. For each receptor purification it is
necessary to select the optimum procedure for lectin affinity
chromatography depending on the lectin sorbent chosen (lectin type,
matrix, means of lectin immobilisation, capacity of sorbent for
conjugated lectin or binding of model glycoconjugates, conditions for
regeneration and storage for repeated use). The actual procedure for
chromatography on a lectin sorbent under the conditions selected is
a simple operation. The complexity of working with a lectin sorbent
is seemingly determined by the presence in these proteins not only of
carbohydrate-binding regions but also of regions of hydrophobic
binding, binding of cations of divalent metals and by the presence of
other domains.

Perhaps the most complex factor is the selection of the means of
solubilising receptors (type of detergent or solubilisation by
treatment with hydrolases).

Most frequently 0.5—1.0% Triton X-100 (TX-100) is used for
the solubilisation and lectin affinity chromatography of receptors.
TX-114 has also been used, for example in the case of glycoproteins
of thrombocytes and kidney.¥*!2!%0  Carbohydrates are also used
occasionally for solubilisation instead of TX.2%2  Since high
concentrations of TX-100 cause desorption (washing off) of lectin
from the sorbent,?'® lectin affinity chromatography of receptors is
carried out at concentrations of detergent lower than in the initial
solubilisation in the crude extracts when using immobilised
Con A2I825529286 W 9711912520229 o1 (olichos lectin.2®
Extremely low TX-100 concentrations (0.01—0.02%) were effective
in the purification of olfactory receptors.'3%  The absence of
TX-100 did not permit elution of receptors even at high
carbohydrate concentrations (0.5—1.0 M) in the case of (Con A)-
sorbent.'¥%2152%  Ag a rule, it is important to control the ionic
strength of the buffer when selecting the detergent concentration. The
buffer ionic strength is wusually increased during lectin
affinity chromatography from 0.1—0.2 M to 0.4—0.5and evento 1 M
NaCl or KCl in the case of receptors of neurotoxin or bovine
dopamine.”*® Chromatography of receptors on WL-sorbent is carried

out as a rule in the presence of 5—10 mM Mg?* jons”"7:107:119.125.279
and/or 1 —2 mM Ca?* jons #*46:50,52,131,133,142 145,200 42+ cations are
also used in the chromatography of receptors on FGA- and (CL-2)-
sorbents but in the case of Con A-, LL- and (pea lectin)-sorbents
0.5—1.0 mM manganese, potassium and magnesium chlorides are
used together.

Various combinations of TX-100 and Na desoxycholate are also
used,3210.211.239.289 aphough in some cases the preferential use of
nonionic detergents (TX-100 and CHAPS) rather than cholate has
been recorded, such as on solubilisation of the serotonin transporter,
Na-channel, etc.?**"3  Cholate (0.5—1.5%) is used in the
solubilisation of erythrocyte Cad-antigen, liver esterase, the antigens
of nematode parasites and AIDS virus, 5'-nucleotidase and
macrophage receptors,!7%18423%,266,275 During lectin affinity
chromatography the cholate concentration may vary depending on
the type of receptors being investigated. For Dopamine receptors
0.2—0.3% is used,”” for tumour glycoproteins?'®2!1:216 apd
proteins of T-lymphocytes'®1%* and thrombocytes 0.4—0.5%,'>* for
thyroid gland glycoproteins®™?*® 0.6% and for the L-Glu receptor
0.05%.3%

A 0.5-2% solution of 3-[3-(cholamidopropyl)dimethylammo-
nium}-1-propanesulphonate (CHAPS) is widely used for the
solubilisation of receptors, > /7 0%111112.2488.265 1t g seemingly
promising to use fractionation of receptors with detergentc. In the
case of vasopressin receptors, contaminants are removed by a
preliminary treatment with 0.5% CHAPS and the actual receptors
are solubilised in high yield on subsequent treatment of the extract
with 2% CHAPS’* When solubilising Ca-binding sarcolemma
glycoproteins and receptors of corticotropin releasing factor
6—8 mM CHAPS is used.*?!!® The concentration of CHAPS varies
in the following way during chromatography on WL-, Con A- or
(CL-2)-sorbent: 20 mM for the glutamate receptor, 0.1—0.8% for
other transporter glycoproteins?®*"52 and 1% for receptors of
inositol triphosphate, the bacterial antigen of infected ferret lung
cells and carboxypeptidase M.**2302%3

One more nonionic detergent, Nonidet P-40 (NP-40), is widely
used for the solubilisation of receptors at concentrations of
0.5 205.72:129,143,159,161.212,224,283,295303 | (e concentrations of
NP-40 are used during chromatography on lectins, e.g. 0.1 —-0.2%
for WL- and (Con A)-sorbents,’?>!® 0.4—0.5% for immobilised
Con A2 LL,'6® WL,'%:145 AL '5° and thorn apple lectin.2!? The
concentration of NP-40 was reduced from 0.4 to 0.07% at the stage
of eluting receptors with carbohydrate.>*® The need to use 0.4%
NP-40 for oligosaccharide transferase is explained by the fact that
the glycans of this glycoprotein bound to asparagine are inverted
inside the membrane vesicles and do not react with the lectin without
previous treatment with a relatively high concentration of
detergent,2*

Digitonin (1—2%) 1is also used for the solubilisation of
receptors. ¥547:50.51,53,54.59.61,64-66.68.76.79.809398  Occasionally it is
expedient to change the type of detergent. Thus, after solubilisation
of receptor complexes with 1% digitonin (for example Ca channels)
the components of the complexes may be separated successfully
using 1% TX-100.°*%*  Digitonin (0.1%) is used in the
chromatography of opioid receptors,>®$!"%* receptors of dopamine
and cholecystokinin,’98%%8 4 _adrenergic receptors,®>*® and
receptors of dihydropyridine and Ca channels, *#749-5153
Chromatography is usually carried out in this way on WL-sorbent

although there are also data for immobilised CL-2,°® LL and
Con A, 59:64:98.305
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n-Octyl-B-D-glucopyranoside (0.05—0.2 M) is also used for the
solubilisation of receptors.'?%!31:135,137.141,144.226  Tpe gotylglucoside
(40—50 mM) is included at the stage of purification by gel filtration
as in the case of Pi-integrin and sphingomyelin.'*”?®  The
octylglucoside (2 mM) is wused during chromatography of
glycoproteins of animal lung alveoli on immobilised Maclura
lectin.'®¢ Yeast peptidase solubilised in NP-40 was chromatographed
on (Con A)-sorbent in the presence of 0.3 mM octylglucoside.?>*

Sodium dodecyl sulphate (SDS: 2%) is also used for the
solubilisation of receptors of slime mould antigen,?*® the cationic
detergent DTAB for H*,K"-ATPase®®® and 8 M urea for the
bacterial antigen of infected ferret cells.*° Tween-20 or Tween-40,
Renex-30 or Brij are used for lymphocyte receptors!3%160:164
Lubrol PX for adenylate cyclase and guanylate cyclase’!>3!13:315:316
and lysolecithin in combination with other detergents for
Mg? " -ATPase.’®® Replacement of Brij (0.5%) by cholate (0.5%) or
Zwittergent (1%) is used in the purification of antigens on
WL-sorbent.!¢+23%  Emulgen-109P (1%) is also used for the
chromatography of fucosylated erythrocyte proteins on immobilised
aleuria (Aleuria aurantia) lectin,’®® Zwittergent (0.5%) in place of
TX-100 (0.5% for the chromatography of Purkinje cell antigen on
(Con A)-sorbent,'”® Tween-60 (0.1%) in the purification of adeaylate
cyclase®?3®  and Lubrol (0.1—1%) in the purification of
guanylate cyclase®'*2!% on immobilised WL and Con A respectively.

Occasionally Cj;Eg [n-dodecylocta(ethyleneglycol) monoester] is
used, 1% for solubilisation®*”3%* and 0.1% for lectin affinity
chromatography.?®*

Traditionally SDS is used during lectin affinity chromatography,
0.01% at the stage of eluting with N-acetyl-D-glucosamine
for WL-sorbent,**3%2 0.1—0.5% for (Con A)-sorbent??>235318 op
WL-sorbent,?*¢ 1% for the non-specific elution of receptors,
particularly for immobilised SL, CL-1, Con A and LL.'65!%%318 The
use of such a set of non-specific elutions will possibly be useful for
regenerating lectin sorbents. However, it is necessary to keep in
mind that SDS may be precipitated as a solid in the presence of metal
cations,?®® and may wash out lectin from the sorbent and reduce the
lectin capacity, as in the case of immobilised Con A.2** In addition
some proteins are able to form complexes (such as dimers) even in
the presence of SDS as in the case of the opioid receptors.5

The multistage process of receptor chromatography on a lectin
sorbent (application, different variants of washing the sorbent,
elution of receptors) is characterised by a reduction in detergent
concentration or by variation of combinations of different detergents
and by the possible absence of detergent at the very last stage,
viz. elution of receptors with carbohydrate. This is seen when

purifying thrombocyte glycoprotein-Ib,’*®  lymphocyte antigen
CD 43,'%5 dopamine receptors,”’ sarcolemma receptors,*”? yeast
galactosyl transferase,®® insulin  receptors®> and adrenal

glycoproteins!®! using immobilised WL. The detergent itself (SDS)
was ineffective even at high concentrations in comparison with
N-acetyl-D-glucosamine in eluting the purified receptors from the
WL-sorbent.'® Desorption of receptors with carbohydate without a
detergent (TX-100) did not occur for the (Con A)-sorbent
(see above).

Treatment of extracts or purified membrane glycoproteins with a
chloroform —methanol mixture was also carried out to solubilise
phospholipid-containing glycoproteins (such as ligatin) or to remove
lipid contaminants.!”?37-31% Treatment with organic solvent is
seemingly also important when regenerating the lectin sorbents used
in the first stages of purifying receptors because of the
contamination of the sorbents with glycolipids.?®!

Apart from the means of solubilisation enumerated above there is
undoubted interest in the data on the solubilisation of receptors with
hydrolases since the soluble receptors obtained frequently do not
even require the presence of detergents in the elutant during lectin
affinity chromatography.  Phospholipase C is used for the
solubilisation of hepatoma glycoproteins,?'” trypsin for lysosomal
enzymes,?®® trypsin in combination with TX-114 for CD 36
antigen,'*? Ca?*- and thiol-dependent proteinase for thrombocyte
glycoprotein-Ib,*® papain for lymphocyte Fec-receptors solubilised
with Tween and Renex and purified on a WL-sorbent®® and
lysozyme for the treatment of the high molecular form of fly
integument alkaline phosphatase associated with chitin and purified
on a (Con A)-sorbent.2®  Trypsin was also useful for the separation
of the subunits of the saccharase —isomaltase complex from human
intestinal membranes.?%’

Organic solvents are used together with detergents during receptor
chromatography on immobilised lectins and improves the
stabilisation of receptors while reducing hydrophobic interactions
between receptor and lectin. Ethyleneglycol is used in
chromatography on (Con A)-sorbent, 1 M for the purification of
Thy-1 antigen,'®® 20% for phospholipase A; 2 and 10% (together
with 25% glycerol) for guanylate cyclase.’!® The increase in
concentration of ethyleneglycol used may be compensated by a
reduction in the concentration of carbohydrate eluting the
receptors,!®  which indicates the possibility of also using
carbohydrate for reducing the hydrophobic binding of receptors with
the lectin. Chromatography on immobilised GL-1 was carried out in
the presence of glycerol (5%) but the concentration of glycerol
was varied when using WL-sorbent from 10% 3%30:52111117.163
[for (Con A)-sorbent®'°], to 20% '552%2%7 [for (Con A)-sorbent?*¥)
or 30%.17

B-Mercaptoethanol (1 mM)?**%3 was used in the purification of
the rat inositol triphosphate receptor and of trypanosome antigens
on a (Con A)-sorbent and 10 mM f-mercaptoethanol in combination
with 2% detergent in the isolation of the glycosylated subunits of
ATPase on WL-sorbent.’®  Evidently other agents capable of
reducing disulphide bonds in protein complexes may also be used.

Problems of eluting receptors, bound to lectin sorbents,
with carbohydrates are important.  Excess concentrations of
carbohydrates are usually used (up to 0.5 M, more rarely 1 M
monosaccharide) as in the following, a-methyl-D-mannopyranoside
and o-methyl-D-glucopyranoside for Con A, LL- and PL-sorbents,
N-acetyl-D-glucosamine for immobilised WL and thorn apple
lectin, lactose or D-galactose for immobilised CL-1, CL-2, AL and
SL, N-acetyl-D-galactosamine for SL and L-fucose for immobilised
GL-1 and aleuria lectin. Occasionally stepwise elution with
increasing concentrations of carbohydrate or a linear carbohydrate
gradient is used, such as in the purification of membrane-bound
oxidase?® and histamine receptors® on (Con A)-sorbent or
membrane-bound lipoamidase,?*® receptors of dihydropyridine and
dopamine transporter*”®® on WL-sorbent.  Firstly this enables
removal of contaminating glycoproteins with a lower affinity for the
lectin, secondly, it permits separation of subpopulations of receptors
close in physicochemical properties, thirdly, it enables removal from
the sorbent of firmly bound glycoproteins with the aim of
regenerating the immobilised lectin, fourthly, it affords a quantitative
assessment of the strength of the binding of the purified receptors to
the lectin in order that excessive concentrations of carbohydrate are
not used for subsequent desorption. It was shown that lipoamidase
was eluted at 60 mM N-acetyl-D-glucosamine,”®® dopamine
transporter at 125 mM N-acetyl-D-glucosamine,®® histamine
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receptors at 80 mM o-methylmannoside,®® but Trp oxidase was
separated into forms eluted at 10, 20 and 50 mM o-methylglucoside
respectively.2*®*  Before elution of receptors with a carbohydrate
specific for the lectin it was useful to wash the lectin sorbent either
with lower concentrations of the same carbohydrate (a variant of the
stepwise elution with carbohydrate) as for LL- and (Con A)-
sorbents!3#2%%2%% or with a carbohydrate non-specific for the lectin
at a relatively high concentration (0.5 M) as for WL- and (griffonia
lectin-I)-sorbents.!%%183227  When working with immobilised bean
lectin, the elution of lymphocyte receptors was carried out without
using carbohydrate (monosaccharides were unsuitable for this lectin
which is specific for oligosaccharides) by acidifying the elutant to
pH3'® as was used for the elution of eukaryote nuclear
glycoproteins during chromatography on WL-sorbent.??’

When working with immobilised WL, significantly more effective
eluting agents are used in place of N-acetyl-D-glucosamine. These
include chitotetraose,'*> 3—10 mM chitotriose!0:110-112.163 o1 15 M
chitobiose (containing 10 wt.% chitotriose as contaminant) as for
immobilised thorn apple lectin.!®! It is not excluded that
contaminating chitotriose and chitobiose in commercial preparations
of N-acetyl-D-glucosamine make an appreciable contribution to the
specific desorption of the receptors indicated above.

Provision of a relatively long contact time for the immobilised
lectin and the glucoconjugate solution (when applying it) and with
the desorbing carbohydrate (when eluting glycoconjugates and
regenerating the sorbent) is a feature of lectin affinity
chromatography. The contact time depends on the temperature.
For complete binding of receptors with a WL-sorbent incubation of
the mixture was carried out for 16—70 h at 4 °C 93107.154155239
or 1.5-3h%101L ynder conditions of suspending the
sorbent®>10710154239 1 recycling application of the receptors onto
the sorbent as a variant of the column chromatography.’s»19%111.155
Elution of receptors from WL-sorbent with carbohydrate was carried
out overnight®® or for 1.5—3 h at 4 °C,*™ 15—20 min at room
temperature'®***2 or with a double treatment with carbohydrate for
30 min and longer.”>'°%!6>  Extended contact of receptors and
sorbent was also used for immobilised thorn apple, lentil, soyabean
and lotus lectins.'3*2'223® When working with (Con A)-sorbent, the
application of receptors was carried out for 12—21 h at 4 °C 239316
or for 4 h at room temperature.2% Desorption was carried out with
portions of carbohydrate after incubation for a period of several
hours*”%%2° and increasing the temperature to 37 °C with the aim
of reducing the hydrophobic binding of receptors to the lectin.?>2%0

An important factor of lectin affinity chromatography is the
affinity or sorption capacity of the lectin sorbent determined either
by binding model standard glycoproteins or by the quantity of
lectin immobilised in 1 ml gel (the companies manufacturing lectin
sorbents usually indicate the capacity from the amount of lectin in
1 ml gel). Since the data shown in Tables 1 and 2 comprise
lectins immobilised on agarose in an overwhelming majority, data
on the capacity of agarose sorbents will be considered below.
The commercial preparations of WL-agarose (Sepharose, Affigel)
most frequently used have the following lectin capacities: 5 or
1-2 mg ml™? gel (Pharmacia, Sweden2'*), 6—10 mg ml™
(E.Y. Lab., USA?%), sorbent manufactured by Miles—Yeda
(Israe’?°), 1 mg ml~' (Bio-Rad, USA'**) etc. In some cases
investigators have synthesised the sorbents themselves, for example
WL-Sepharose 4B (6—20 mg ml™ 3%8117) WL-Affigel-10 (5—10
mg ml~ 83196) and WL-Reactigel-6X (5 mg ml~! '®®). Comparison
of the synthesised WL-Sepharose sorbents with various lectin
capacities in the range 0.08—10 mg ml™ showed that one
glycoprotein (glycophorin A for example) was well bound on the low

capacity sorbent (0.08 mg ml™"), but for other glycoproteins (such as
fetuin, ovomucoid and «;-glycoprotein or orosomucoid) capacities of
more than 3 mg lectin per ml gel were necessary.!’® Erythrocyte
glycophorin receptors and receptors from hepatoma cell were
successfully obtained from crude extracts in good yield and a high
degree of purity by purification in one step on WL-Sepharose
(0.08 mg ml').!" When purifying insulin receptors, it was shown
that the maximum yield of receptors was achieved using Miles-Yeda
WL-sorbent in comparison with similar sorbents from other
companies.’?® WL-agarose with a capacity of 4 mg ml™! or above is
most frequently used for purifying receptors. Exceptions are
hepatoma cell sialoglycoproteins'?*!7® and «,-adrenergic receptors.3?
It was noted that when applying an excess quantity of receptors to a
WL-sorbent its sorption properties were increased and there was a
corresponding increase in the yield of material bound.¥® The same
effect may also be observed on increasing the contact time of
receptor and lectin (see above).

In the majority of the cases shown in Tables 1 and 2 the
WL-sorbents are used as sialo-specific reactants for binding
sialoglycoproteins which may readily be checked by treating the
receptors with sialidase.?*® Immobilised succinylated WL is used as
a sorbent specific for N-acetyl-D-glycosamine, as in the purification
of the nuclear pore protein of mammalian cells,”?’ or unmodified
WL-sorbent for the purification of oligodendroglial glycoproteins.'?
It is better to use immobilised slug (Limax flavus) lectin in place of
WL-sorbent for the purification of glycoproteins (such as eel
Na-channels) which contain polysialic acids [(NeuAc-a-2,8-),]3°
Among the other widely used lectinagarose sorbents those with
relatively high capacities may be mentioned such as 10—16 mg mil~!
gel for Con A (Pharmacia, Sweden), 12 and 4 mg ml™* gel for CL-1
and bean erythroagglutinin.'®® The capacity of LL-Sepharose is
2 mg ml™! gel (Pharmacia, Sweden). (Con A)-Sepharose of low
capacity (0.5 mg ml™!) is used for the purification of yeast
peptidase. 2

The means of immobilising the lectin onto the agarose may
influence the binding of receptors. A comparison of the various
means of activating Sepharose for the subsequent immobilisation of
Con A showed that the maximum capacity of the sorbent for lectin
at minimum selectivity towards glycoproteins was achieved for
activation with cyanogen bromide, a significant reduction in
capacity at maximum selectivity was found for activation with
divinyl sulphone and intermediate results were obtained with
glutaraldehyde.’®'  Lectin—agarose sorbents immobilised with a
carbodiimide have also been used for the purification of receptors.'*®
It was noted that irrespective of the means of activating agarose the
selectivity of the lectin sorbent was increased when applying an
excess amount of the glycoprotein being purified.3?! It is possible
that the reason for the irreversible binding of part of the applied
glycoprotein when using a lectin sorbent obtained from cyanogen
bromide-activated Sepharose (such as LL-Sepharose) is the presence
of unblocked residues of carbonate and imidocarbonate groups,
which are eliminated by previous treatment of the activated agarose
with 0.1 N HC1.322 An additional treatment of the immobilised lectin
with glutaraldehyde in the presence of the appropriate lectin
carbohydrate is recommended for the stabilisation of lectin sorbents
with the aim of preventing washing out of lectin and reducing the
sorbent capacity particularly in the presence of detergent.®-13
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II1. Investigation of receptor glycans with lectin
sorbents

A selection of lectins with a known oligosaccharide specificity
may serve as an effective instrument for the structural analysis of
receptor glycans (see reviews on the specificity of lectins towards
glycans’®3%* or glycoconjugates®'). Such an analysis frequently
leads, with the aid of combined chromatography, to lectins of the
desired glycoproteins or their glycopeptides and oligosaccharides
(see examples in reviews?!>>26) sometimes combined with treatments
of the glycoconjugates with glycosidases, with glycosoxidases, with
chemical modification of the carbohydrate portion or with chemical
deglycosylation. The choice of lectin may prove to be useful for the
separation of the receptors obtained into sub-populations depending
on their microheterogeneity in carbohydrate. For example,
glycophorin A type N, in contrast to glycophorin A type M, does
not have glycans bound to asparagine (Asn) which enables both
types to be separated readily on immobilised LL 17*'7 but not on a
WL-sorbent.!”” Glycophorins A, B and C are readily removed from
glycophorin E by their specific binding to immobilised WL.!7
The Thy-1 antigen does not have glycans bound to serine/threonine
(Ser/Thr) and its separation into three sub-populations occurs due to
the Asn-glycans 1) not reacting with the lectin fraction, 2) being
retained (emerging in a large volume of eluent) and 3) bound (as a
result of glycans of the polylactosamine type).!®! The neural cell
adhesion molecules (N-CAM) of brain contain tissue-specific
Ser/Thr-bound glycans with an affinity for immobilised AL,'*¢ and
also polysialic acids possibly reacting with slug lectin.3>*?* The
hexose transporter in defective cells has unmasked Asn-glycans of
the oligomannose type but in normal cells these glycans are masked
by Asn-glycans of complex type which reduces the affinity for Con A
and increases binding with WL.?® Tri- and tetra-antenna (poly-
antenna) Asn-glycans of a complex type are detected in
lactotransferrin and transferrin receptors and are particularly
numerous in the transferrin receptor according to results from the
interaction with L-FGA."*>»13813%  The varying ratio of Asn-bound
glycans of various types is readily determined for various
histocompatibility antigens and their a- and B-chains using
combinations of lectin affinity chromatography of the
oligosaccharides by the analysis of the three fractions from (Con A)-
sorbent, the three fractions from (CL-1)-sorbent and the two
fractions from LL-sorbent.20-208

The oligosaccharide structures of the erythrocyte [B;-adrenergic
receptor and of B-fructofuranosidase’®?®* have been established with
the aid of lectins, as has the common localisation in subunits of
glycans of the oligomannoside and of complex types in dopamine
receptors,”>  the  distribution of poly-antenna sialylated
oligomannoside glycans and of glycans with a branched residue of
N-acetyl-D-glucosamine in the four non-identical sub-units of the
acetylcholine receptor.®® The presence has been revealed of glycans
of the lactosamine type in the B-sub-unit of the thrombocyte Ib
receptor and in the o,-like component of the Ca-channel sensitive to
dihydropyridine or in both sub-units of the intestinal peptide
receptor,”**%!¥ and also in two sub-populations of the
dopamine receptor, in the receptors of corticotropin releasing factor
and in o;-adrenergic receptors.57>!1> Differences between six of the
seven glycoproteins of milk lipid droplet membranes were
successfully detected with the aid of two immobilised lectins (Con A
and WL) as a result of the retention of these glycoconjugates on
elution.2

Chromatography on lectin is important not only for the
assessment of glycan structure and correcting the carbohydrate
microheterogeneity of receptors but also for obtaining functionally
active sub-populations of receptors, such as in relation to the
enzymic activity of receptors.’”!'%3!% When purifying on lectins
glycoprotein receptors with an established glycan structure it is
possible to take the features of the interaction of a lectin with
standard reagents into account for subsequent standardisation of the
lectin specificity.

When studying receptors it is possible to use a set of lectins in
combination with glycosidases and in combination with antibodies.
In essence, the combined use of lectins and antibodies is foreseen in
all antigen purification procedures since initially antigens are
precipitated from extracts by immunoprecipitation (in Tables 1 and 2
several cases are shown of immunoaffinity chromatography jointly
with a lectin sorbent). Since immunoprecipitates comprise a
collection of polypeptides (such as sub-units) the localisation of
glycans in antigen components by lectins enables one to speak of the
intra-antigenic specificity of lectins. Often the carbohydrate
structures in the glycoconjugates themselves emerge in the role of
antigens important for biorecognition.!®!:170:326 1y addition
carbohydrates may play an appreciable role in receptor function, as
in the case of complement receptors, the transporter activity of
Na*/H"-antiporter and of the glucose transporter.**2*3?7 [n other
cases glycans of a particular type are not important for receptor
function, for example the receptor of lutropin or E-cadherin.'%3%
It is possible that glycans are important for the directed assembly of
receptor components (see above) and also serve to anchor the lectins
and lectin-like effectors. There is scope for the purification of
antigens using lectins as is evidenced by the data on the antigenic
specificity of lectins in relation to cells. 333!

IV. Interconnection between receptors, endogenous
lectins and enzymes

The antigens of human leucocytes and their interaction with
adhesion receptors and receptors of homing lymphocytes have
attracted considerable interest from investigators.*® As a rule the
antigens of leucocytes are glycoproteins,'s® such as CD 36, CD 43,
CD 44, CDw 44,152164.199,332.333 (pi0h react with immobilised lectins.
In additicn some antigens themselves display the properties of lectins
(for example CD 14 binds lectin lipopolysaccharide®**) or adhesins
(such as antigens CD 8, CD 11, CD 19, etc.*¥¥3¢), In addition
antigens are frequently associated with enzymes. Leukemia antigen
CD 13 is aminopeptidase N,7 CD 45 is a protein-tyrosine-
phosphatase,®*® C 73 is an exo-5'-nucleotidase®® etc. Antigen 1D 4
from mammalian brain is not only associated with a type B
nucleoside-diphosphatase but also reacts with lectins forming a triple
complex.*®  Enzymes forming part of the so-called adhesin
molecules on cell surfaces participate actively in the functioning of
membrane channels (such as Na™ ,K*-ATPase of rat brain®**) and
serve as receptors of polydomain proteins of the extracellular matrix
(for example, chicken muscle 5’'-nucleotidase is a fibronectin
receptor>*!). In addition a serine esterase is necessary for the
development of monocyte adhesion due to IgG receptors (antigen
CD 32) and carboxypeptidase N (kininase I) possibly functions with
peptide hormone receptors (kinins).2*>32? An important role in cell
metabolism is played by the membrane-bound enzymes of tyrosine
metabolism, such as tyrosyl-protein sulphotransferase (which reacts
with a sialo-specific lectin®*®), tyrosinase (which reacts with an
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o-mannose-specific lectin??), tyrosine kinases in the composition of
insulin receptors?®-34334%) " receptors of insulin-like growth factor
type 1,'?° receptors of type I colony stimulating factor or growth
factor obtained from thrombocytes,'?'?® interleukin-3 receptors,'6?
receptors of the Ca®" antagonist or Ca-channel blockers,> and
receptors of lysosomal enzymes.>* Receptors with tyrosine kinase
and other protein kinases react specifically with WL (see Tables 1
and 2) and the receptors of the lysosomal enzymes themselves
display the properties of lectins specific for mannose-6-phosphate.
It was also shown that the phosphorylation of proteins by kinases
may be inhibited by initiation factor 2 reacting with a lectin specific
for the N-acetylglucosamine residue,>’ although the activation of
receptors containing kinases by binding with a sialospecific lectin is
also possible.’! The data presented indicate the close interaction of
cellular antigens, enzymes and lectins forming a single complex
functioning system. Other examples of modulation (inhibition or
activation) of membrane enzymes by lectins have been shown
previously.* The highly effective procedures listed in Tables 1 and 2
for the purification of receptors and membrane-bound enzymes of
various classes of the International Classification (achieving a degree
of purification of 50 —440 times on a lectin sorbent) are additional
proof of the possibly important role of the participation of
endogenous lectins in the regulation of such receptor systems.

An important role in biorecognition is discharged by a receptor
lectin!012:20.326348 which has been well studied in the case of
mammals and is a complicatedly organised oligomeric high
molecular glycoprotein with a set of functionally different domains
(collagen type, carbohydrate-binding portions, carbohydrate-
containing portions as targets for other lectins, growth factors
regulators of the complement system, etc.). Examples are the
receptors of mammalian liver asialoglycoproteins,'® receptors binding
IgE or IgG (antigens CD 16, CD 32, CD 64),33¢3%3% homing
receptors>® 3%  and other adhesion proteins with lectin
properties.>*”*® Each of the receptor proteins indicated may under
definite conditions function according to one of the domains
expressed, consequently it is occasionally difficult to determine
whether the receptor is behaving as a lectin or as a donor of
carbohydrates in a reaction with another glycoprotein. In such cases
help is obtained from an analysis of the primary amino acid
sequence or analysis of the nucleotide sequence with subsequent
recognition of portions of homology with known lectins. Thus the
similarity has been demonstrated for lectin domains of the Fc
receptor for IgE and lectin-35, which contains RNA, and other
soluble lectins,>*3%%3%° IgE and IgG receptors,** a laminin-binding
receptor of the non-integrin type and lectin-35,3! ELAM-1 adhesion
molecules and lectins,>*® insulin-like growth factor II and the
mannose-6-phosphate receptor**?%* and for elastin receptors and
galactose-binding lectins.3%3% A biochemical and immunological
similarity has been shown for the type III complement receptor
(antigens CD 11b and CD 18) with lectins and with conglutinin, 336367
the pB-glucan-specific receptor of monocytes (lectin) and the
phagocytosis receptor of complement alternative route activators,36
the receptor of circulating mannosyl glycoproteins from liver
sinusoidal cells (lectin) and cerebellum lectin R1,°® and also the
erythrocyte lectin receptors, glucose transporters and band 3, 4 and 5
proteins,?’®3"! carbohydrate transporter and nucleotide-binding
protein.’ Other receptors and antigens also participate in
lectin —glycoconjugate interactions, such as the interaction of
endogenous ceruloplasmin (ferroxidase) and human
erythrocytes,?”>*7* complex-formation between antigen CD 4 and the
160 kD coat glycoprotein of human immunodeficiency virus type

2

1,>”> antigens CD 4, CD 8, CD 2 and CD 3 and mitogenic
exogenous (foreign) lectins of plants or microbial virulency factors.

Other examples of receptors similar to one another may be found
in Table 1. In addition, a structural and functional similarity
between the elastin and laminin receptors®®® and between the
ax-macroglobulin receptor and the low density lipoprotein
receptor®! has been shown.

Examples of receptor lectins and adhesins of various organisms
(including microorganisms) may also be found in books.25%76
Besides the lectins mentioned above with the usual (frequently met)
specificity towards carbohydrates (mannose-, galactose- and fucose-
specific) the specificity of new lectins as potential instruments for the
analysis of glycoconjugates must be mentioned. Receptor ligatin is
specific for mannose-6-phosphate in glycoprotein composition,25-1°
lectins of T-suppressors from fish roe are a-rhamnose-binding,'>*
receptors of lymphocyte homing display sialospecificity and an
affinity towards sulphated fucan,’**3%* the colonisation factors of
bacteria possess an increased affinity towards sulphated glycolipid,®
adhesive lectins of Protozoa (parasites, such as the stimulators of
amoebic dysentry) are directed to a galactoso/N-acetylgalactosamine-
specific protein,®”’ receptor lectins of insect larvae (such as
mosquitos) are N-acetylglucosamine-specific,>”® the sorption domains
on polysaccharides of several microorganism glycosidases and
receptors of macrophage phagocytosis are B-glucan-specific,?*® the
core protein of cartilage proteoglycan behaves as if xylose-specific,
type I fimbria of bacteria and lectins of several plant bulbs recognise
glycans of the oligomannoside type?! and the lectin receptors of
hepatocytes are specific for the L-glycero-D-mannoheptose residue in
lipopolysaccharides.?*7 After solubilisation of such receptor lectins
(with enzymes, low ionic strength, etc. see above) the preparations
obtained may be used in a set with the other commercial lectins as
described above.

V. Conclusion

Potential targets for lectins may be not only the glycoproteins
listed above (see also Tables 1 and 2) but also proteoglycans bound
to the cell surface (such as the hyaluronate-binding receptor or the
high molecular form of insect alkaline phosphatase associated with
chitin,'?2% polysaccharides with various degrees of branching and
bond type,2®2 lipopolysaccharides,?*?"" lipophosphoglycans®®
and glycolipids'®?!). Apart from the external and cell surface-bound
glycoconjugates many intracellular glycoconjugates bound to
organelles have been described, which react with a wide selection of
lectins,!! including poly A polymerase, ribonucleotide reductase and
glycoprotein 62 of the nuclear membrane???**%65 galactosyl
transferase of the Golgi apparatus,?®® phospholipase A, tyrosine
kinase and lysosomal a-glucosidase,?6%28%34% eykaryotic ribosomal
initiation factor-2,3*" glycosidases for processing glycoproteins of the
endoplasmic reticulum®®'2* and others (see Tables 1 and 2).
Procedures have been described for the purification and separation
of proteoglycans, polysaccharides and unidentified glycoconjugates
on lectin sorbents 2632383 Afier solubilisation in  95%
tetrahydrofuran in water glycolipids may be separated successfully
on immobilised lectins, such as on (snail lectin)-sorbent.>®* Bacterial
lipopolysaccharides may also in principle be separated by selective
precipitation with lectins, particularly in the case of various Ra type
lipopolysaccharides.
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Different variants of qualitative and quantitative microanalysis
using a set of lectins are used for the detection and identification of
receptor glycoconjugates.?’?”  Lectin— peroxidase conjugates are
widely applied in histochemistry particularly in cases of human
cancer and other diseases.®®* Lectins labelled with peroxidase or
biotin are most widely used in blotting variants of analysis, such as
in the «case of blood cell membrane glycoproteins,>’
histocompatibility antigens,”® sarcolemma glycoproteins*>  and
acetylcholine receptors.®® Lectin conjugates of this same type are
used with multiwell plates for immunoenzyme analysis in the study
of receptors of native cells of proto- and eukaryotes,*¥3% plasma
membrane receptors®®' or purified receptors, such as erythrocyte
receptors for type I fimbriae of bacteria and the phosphomannosyl
receptor.2!>¥2  In this way lectin analysis supplements the use of
antibodies to a significant extent,!3-386:3%3

Investigators have shown increased interest in receptors of
microorganisms both in the composition of the cell surface of
eukaryotes and the surface of protokaryotes (see Tables 1 and 2).
This is linked with the recognition of types of lectin, i.e. glyco-
conjugates, in infection and immune processes,’> >3 with possible
use of lectins in medical diagnostics,>****® and also when working
with bacteria, yeasts and fungi (examples®®*-395401),

Data on the interaction of lectins with glycans of soluble
glycoproteins®?® may be used in the lectin analysis of forms of
these glycoconjugates bound to cellular structures, since a significant
affinity has been established for the carbohydrate portion of
them as in the case of RNAase T,-L of Aspergillus oryzae’®
B-fructofuranosidase®®* and mammalian liver o-1,2-mannosidase,?®®
and also of recombinant glycoprotein-160 of the AIDS virus.??
Such affinity is explained by the general rules for the biosynthesis of
glycoprotein glycans in the endoplasmic reticulum and Golgi
apparatus of cells. In addition, in the process of glycoprotein
secretion into the extracellular space, glycoproteins remain bound in
several cases to the cell surface or are solubilised by endogenous
hydrolases (see above on the solubilisation of receptors).

It must be noted that the possibilities of lectins (there is even a set
of what would have seemed to be fairly well studied commercial
lectins) are still far from being exhausted since our ideas on the
specificity of lectins towards oligosaccharides, glycopeptides,
neo-glycoproteins (more broadly neo-glycoconjugates) and natural
glycoproteins with a known distribution of glycans on the
protein surface are constantly being extended, particularly in recent
times. The specificity of commercial lectins towards bacterial
glycoprotein,? steroid glycoside*? and carbohydrate-containing
antibiotics, animal glycolipid and bacterial lipopolysaccharide?! has
not been investigated in practice. New types of carbohydrate —
peptide bonds are being discovered, viz. Rha-Rha-Rha-Asn for
bacilli, Gal-B-1,3-GalNAc-Ser/Thr for fungi, Fuc-Ser/Thr,*0%40¢
Gle-a-1,6-Gle-p-1,6-Gle-a-1-Asn - % and GlecNAc-Ser/Thr !! for
mammals. The latter two structures react with immobilised Con A
and WL respectively.!!40°

The procedures for obtaining lectin preparations are therefore
relatively simple,>23854%6 and the list of highly purified lectins from
microorganisms, invertebrates, plants and animals is growing
rapidly.®*"® The use of lectin sets in combination with glycosidases
and antibodies as fine instruments for the analysis of glycoconjugates
is extremely promising.
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