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ABSTRACT 

The carbohydrate-binding specificities of pokeweed mitogen (PWM) were 

studied by interaction between ‘*‘I-PWM and purified glycoproteins. Human ery- 

throcyte-membrane, band-3 glycoprotein bound l’sl-PWM, but other glycopro- 

teins containing triple-branched (tri-antennary)-complex-, double-branched (bi- 

antennary)-complex-, hybrid-, high-mannose, or small-mucin-type carbohydrate 

chains failed to bind ‘*‘I-PWM. Pretreatment of human erythrocytes with endo@ 

D-galactosidase prevented ‘“‘I-PWM binding to the erythrocytes, as well as to 

band-3 glycoprotein from these cells. Poly(N-acetyllactosamine) glycopeptides and 

complex-type glycopeptides purified from band-3 glycoprotein and porcine thyro- 

globulin, respectively, were labeled at their nonreducing, terminal D-galactosyl or 

2-acetamido-2-deoxy-D-galactosyl groups by D-galactose oxidase-sodium borot- 

ritide treatment and examined for interaction with agarose-immobilized PWM iso- 

lectins. From the binding behavior of these labeled glycopeptides on columns of 

immobilized-PWM isolectins, and from the interaction of various glycoproteins 

bearing known carbohydrate chains with “SI-PWM, it was concluded that all three 

major PWM isolectins (Pa-l, Pa-2, and Pa-4) bind specifically to poly(l\r-acetyllac- 

tosamine) structures. 

INTRODUCTION 

Glycoprotein heterosaccharide chains consisting of repeating disaccharide 

units of D-galactose and 2-acetamido-2-deoxy-D-glucose were first described by 

Lloyd and Kabat’ for the blood-group substance of ovarian cyst fluid. Similar car- 

bohydrate chains have subsequently been found in various tissues and their secre- 

tions”. Glycans of higher-molecular weight having a similar repeating unit [poly(N- 

acetyllactosamine- or poly(N-acetyllactosamino)glycan] have been found in human 
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scribed until now, :rnd the 

herein. 

Such glycoprotelns ;IS porcine thyroglobulin, bovine wrum tibronectin. 

human serum transferrin. human lactoferrin. bovine fetuln. human tf,-acid glyco- 
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protein, subfractionated hen ovalbumins (OVG, OVH, and OVM), and human 

erythrocyte band-3 glycoprotein (HB3) were separated by polyacrylamide-slab-gel 

electrophoresis in the presence of sodium dodecyl sulfate. When these glycopro- 
teins, which included complex-type (porcine thyroglobulin, bovine fibronectin, 

human transferrin, human lactoferrin, bovine fetuin, and HB3), hybrid-type 

(OVG and OVH), high-mannose-type (porcine thyroglobulin and OVM), small- 

mucin-type (bovine fetuin), and poly(N-acetyllactosamine)-type (HB3) carbo- 

hydrate chains, were stained with 1251-labeled pokweed mitogen (“‘I-PWM), only 

HB3 bound ‘251-PWM before (Fig. 1) or after (not shown) mild-acid treatment to 

remove sialic acid13. This observation is consistent with the findings of Yokoyama 

et al. I4 who showed that HB3 strongly inhibits PWM binding to erythrocytes, even 

though the structures of its carbohydrate chains were not known at the time. Our 

results and those of Yokoyama et al. l4 suggest that the structure of at least one of 

the heterogeneous carbohydrate chain@*’ 
Since Yokoyama et al. l4 

of HB3 is involved in lectin binding. 
reported that the core portion of the complex-type 

carbohydrate chains may be important for lectin binding, we examined the effect, 

on the binding to PWM, of removal of the poly(N-acetyllactosamine) portion of 

the carbohydrate chains with endo-P-D-galactosidase. Human erythrocytes were 

surface-labeled by D-galactose oxidase treatment followed by reduction with 

sodium borotritide. When membranes from untreated and endo-P-D-galactosidase- 

1231567 

Fig. 2. Polyacrylamtde-gel electrophoresis of human erythrocyte membranes in the presence of sodium 
dodecyl sulfate. All the erythrocytes were labeled by D-gahCtoSe oxidase and sodium borotritide treat- 
ment. Lane 1: molecular-weight-marker proteins as in Lane 1, Fig. 1. Lanes 2, 4, and 6: untreated 
erythrocytes. Lanes 3,5, and 7, endo-P-D-galactostdase-treated erythrocytes. Lanes 2 and 3: Coomassie 
Brilliant Blue staining. Lanes 4 and 5: fluorograms produced after immersion with Enhance (New Eng- 
land Nuclear). Lanes 6 and 7: autoradiography after staimng with ““I-labeled PWM. 



Added lectm (pgl25OpL) 

Fig 3 Bmding of ‘2’I-labeled PWM to hum,m erythrocytea (0) untreated adult erythrocytcu. (0) 
adult crythrocyteb after treatment with Vdwro clzulerar neurammldase (50 mU/O 5 mL ot packed cells 
for 1 h at 37”): (A) adult crythrocytes atter treatment with endo-P-l1-palact~,sld~i~c I lO(l ml’AI 5 ml. ot 
packed cells for 3 h at 37”): and ( ;‘.) cord erythrocylec 

treated erythrocytes were compared after polyacrylamide-gel clectrophoresis, the 

followmg results were obtamed: (a) Staining with Coomassir Brilliant Blue R-30 

indicated that. after endo-p-I>-galactosidase treatment, HI33 accumulates at a fas- 

ter moving position. in the broad band-3 region of untreated erythroc>te\ (Fig. 2). 

owing apparently to loss of the large (and heterogeneous) portions of the HB? car- 

bohydrate chains. (b) Fluorography of the gels showed that all labeled terminal /3- 

D-galactosyI or 2-acetamido-‘-deoxy-~-galactosyl groups of HH3 had been re- 

moved by the enzymic treament; in comparison, tritium-labeled. nonreducing. ter- 

minal groups of glycophorin A remained after rnzymic treatment (Fig. 2 ). (c) “iI- 

PWM bound to untreated HE33 and other components in the band 4.5 region. hut 

failed to bind to any components after treatment of cells with end@-D-galac- 

tosidase (Fig. 2). 

Similar results were obtained in experiments where the direct binding of “‘I- 

PWM to untreated and endo-P-D-galactosidase-treated crythraqtes was mea- 

sured. After enzymic treatment with endo+?-D-galactosidasc. “iI-PWM falled to 

bind to erythrocytes, and sialidase treatment produced onl! a slight Increase in the 

binding of ““I-PWM (Fig. 3). Interestingly. the bindmg of “‘1-PWkl to umbilical 

cord erythrocytes was much lower than that to adult erythrocytes (Fig. 3). Prior ad- 

dition of poly(h’-acetyllactosamine)-type glycopeptide (HB.? N-l. 2 pg) to PWM 

(10 ~g/350 PL) inhibited 63%, of the binding to 5 x 10’ untreated. adult human 

rrythrocytes (data not shown). Further inhibition studies have not been performed 

because of the limited availability of the purified glycopeptlde. 

In other experiments. the major isolectins of PWM (Pa-l. Pa-?. and Pa--l) 

were purified and immobilized on agarose gels in order to examine their binding 

properties towards various glycopeptldes. In order to confirm that the poly(/V- 

acetyllactosamine) portion of the HB.3 carbohydrate chain is tmportant for interac- 

tion with PWM. three classe\ of glycopeptidcs including carbohydrate chains of 

poly(N-acetyllactosamint))-type (HB3 N-I. 1). triple--�branched. complex-type (por- 
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tine thyroglobulin UB-I-a, 2), and double-branched complex-type (porcine thyro- 

globulin UB-I-b. 3) were examined for their interactions with the immobilized iso- 

lectins. Compound 1 bound to all three immobilized isolectins. but smaller, com- 

plex-type glycopeptides (2 and 3) did not (Fig. 4). Since the core portion of the 

three carbohydrate chains is the same, the binding of 1 to the PWM isolectins prob- 

ably occurs through the peripheral portion of the carbohydrate chains. However, 

the nonreducing, terminal ABH blood-group antigenic structure of 1 is not likely 

to be involved in the binding of PWM because none of the PWM isolectins are 

blood-group ABO specific 15. This conclusion is supported by the observation of 

Yokoyama et al. ” that hexa-N-acetylchitohcxaose interacts with PWM, although 

this lectin possess much greater affinity for HB3 than for the oligosaccharide. They 

noted that Pa-l and Pa-2 isolectins possess similar binding specificities’“, and our 

results confirm their findings and suggest that the specificity of Pa-4 is also similar 

to that of Pa-l and Pa-2. From our results, we conclude that the PWM isolectins 

recognize and bind to poly(N-acetyllactosamine). The lower binding to umbilical- 

cord erythrocytes than to adult erythrocytes suggests that the lectin preferentially 

binds to the highly branched, blood-group I-antigenic structure that includes the /I- 

D-GlcpNAc-(1+6)-D-Gal sequence’69’7. 
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azide (1 mL) for 48 h at 37”. After gel filtration on Sephadex G-50 (1.0 x 100 Cm 
column), the phenol-SuIfuric acid-positive fractions r* were pooled, Iyophihzed, 
and redigested with Pronase. After the second Pronase treatment, the efution 
profiles of the glycopeptides were almost identical to the pattern obtained” for neu- 
tral oligosaccharides from hydrazinolyzates of HB3. The high-molecular-weight 
Carbohydrate Chains that contain poly(~-acetyl~aCtosamine) (Corresponding to N-l) 
were cpllected and labeled at the nonreducing, terminal D-galactopyranosyl or 2- 
acetamido-2-deoxy-D-galactopyranosyl groups by treatment’Y with D-gaiactose 
oxidase and reduction with sodium borotritide. The labeled glycopeptide was 
further fractionated by affinity chromatography on Ricinrls co~~li~~~ agglutinin I- 
agarose”. Bound glycopeptide, eluted with 0.2M lactose, was used in this studyh. 
The average molecular weight of the glycopeptide has been determined as -8000 
by high-speed, gel-permeation chromatography with a system”” equipped with twin 
columns to.7 X 75 cm) of Fractogel-TSK (Toyopearl) HW-55(S) (MGB, 
Gibbstown, N.J. 08027). 

Monosialogly~opeptjdes from porcine thyrog~obu~in were fractionated by 
ion-exchange chromatography after Pronasc digestion”‘, and labeled by treat- 
mentlY with D-gataCtOSe oxidase-sodium borotritide, The labeled glycopeptides 
were further separated into double- (bi-antcnnary) and triple-branched (tri-anten- 
nary), complex-type glycopeptides on ~oncanavaliu A-Sepharose”. Their car- 
bohydrate structures appear to be identical to those of the oligosaccharides UB-1-a 
and UB-1-b previously described”, 

PWM was prepared from pokeweed (Phytoluccu americanu) roots harvested 
in September at Point Blank, TX. The mitogen was purified and subfractionated 
into isolectin fractions Pa-l-5 according to Waxdal’“. The yields of isolectins Pa-3 
and Pa-5 were lower than those of the other isolectins, and they were not studied 
further. lsolectins Pa-l, Pa-2, and Pa-4 gave single bands on polyacrylamide-gel 
electrophoresis in the presence of sodium dodecyf sulfate. PWM was iodinated by 
the method of Burridge’” to produce a specific radioactivity of 8 c.p.m./ng of pro- 
tein. PWM isolectins Pa-l, Pa-2, and Pa-4 were immobilized on Am-gel 10 beads 
according to the manufacturer’s instructions (Bio-Rad Laboratories, Richmond, 
CA 94804). The amount of isolectin immobilized was calculated from the amount 
of unbound isolectin and was found to be 132, 196, and 270 FglmL of packed 
agarose beads, respectively. 

Enzymic treatment ~fh~~rn~~ e~yt~r#cytes. -Adult human erythrocytes were 
labeled by treatment with D-galactose oxidase-sodium borotritide and then di- 
gested with endo-~-D-galactosidase ~~~cher~c~iu fre~fnd~~, Miles) as described by 
Fukuda et ~1.~“. Sialidase (Vibrto cholerae; Galbiochem-Behring, La Jolla, CA 
92037) treatment was performed with 50 mU of enzyme and 0.5 mL of packed ery- 
throcytes in aulbecco’s phosphate buffered saline (DPRS, 1 mL) for 1 h at 37”. 

Polyacrylamide-gel electrophoresis. - Polyacrylamide-gel electrophoresis 
and subsequent staining with ““l-labeled PWM was carried out as previously de- 

scribed -. I’ i2”I-PWM at a concentration of 5 pg/mL was used, and the incubation 
was for 12 h. Mixtures of glycoprotein standards, equivalent for 2 fig each, were 



deposited on slab gels as indicated In the legend to Fig. I. Erqthrocytc membranes 

were prepared by hypotonic lv4is in 5mM Trix . HCI buffer (pH 7 F), and then 

washed with the same solution and dissolved in clectrophorrsix hnrnplc-buffer con- 

taining 2”; of sodium dodql sulfate at ;I concentration of IO” cell cyul\~:ll~ntsiII; 

/IL; 15 PL of each sample was applied to the gel. 

RltI~IIrlg (!f ‘-iI-/rrh~~l~~~i PWM lo t~r~l/lrocvtt~s. ~- Binding experiments were 

performed in small gla\s tubes containini serially diluted, l’S1-l;ibellcd PWM and 

5 x 10’ erythrocytes in DPBS containing 0.5G of bov~nc serum albumin (BSA) 

(Sigma Chemical). Incutxtions were performed for I7 h. After v,ashinp 3 times 

with O.?J~: RSA in DPBS to remove the unbound lcctln. the radioactivitx was 

counted with a Beckman hlodrl X000 gamma counter 

.4finitF (./lrO)rILitOKr~I~~~l?’ of -‘fl-laheld gl~c~~pcpt~~itx 0~1 mwiol~ilix~tl PWM 

isolectim. - Small columns (0.5 K 2.0 cm) of Pa-l, Pa-?. or Pa-3 i\olectins im- 

mobilized on agaroxe were equilibrated with DPBS. and “H-labelal glycopeptidr 

(-700 c.p.m.. equivalent to -200 ng) \+as Ioadcd onto each column. ,-4f’ter 30 min. 

rlutlon was performed with DPBS and subsequently with (1 3% dl\odmm trtra- 

borate in 0.7~ sodium hydroxide at ;i How rate of - I mLh. Each 23 I-i*L. fraction 

was collected and counted with NEN-Formula 96.3 (New England Nuclear. Boston, 

MA 031 IX) after being made neutral with 2t~1 acetIc acid. where ncxa_svr!, 
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