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ABSTRACT 

The interactions of five 1251-lectins of differing binding-specificities with seven 

glycoproteins containing known carbohydrate chains were investigated on polyacryl- 

amide gels after electrophoretic separation. The glycoproteins were also chemically 

modified in the gels in order to gather additional information, The glycoproteins 

used were: porcine thyroglobulin (PTG); bovine-serum fibronectin (BFN); human- 

serum transferrin (HTF), bovine fetuin (BFE); subfractionated, hen ovalbumins 

having galactosylated, hybrid-type, carbohydrate chains (OVG); agalactosyl, hybrid- 

type-carbohydrate chains (OVH); and high-mannose-type-carbohydrate chains 

(OVM). Wheat-germ agglutinin (WGA) stained BFE, OVG, and OVH, but removal 

of sialic acid from BFE resulted in loss of WGA binding. After desialosylation and 

Smith degradation in situ, BFE and HTF reacted strongly, and PTG slightly with 

WGA. Ricinus conmunis agglutinin I stained PTG, BFN, HTF, and BFE after 

removal of sialic acid. Arachis hypogaea (peanut) agglutinin reacted only with BFN 

after removal of sialic acid. Lens culinaris hemagglutinin bound only to PTG, and 

concanavalin A bound to PTG, BFE, HTF, OVH, and OVM. The results were con- 

sistent with previously proposed lectin-carbohydrate-binding specificities, indicating 

that lectins may be used to determine the carbohydrate-chain structures of particular 

glycoproteins, even in complex mixtures. 

INTRODUCTION 

The heterogeneous nature and relatively small quantities of cell-surface glyco- 

proteins have been a major hindrance to elucidating the structure and function of 

these molecules, and only a few structures of cell-membrane glycoprotein-carbo- 

hydrate chains have been determinedI_‘. In order to overcome the difficulties of 

carbohydrate analysis using small quantities of membrane glycoproteins, it has been 

necessary to develop methods of examining the carbohydrate-chain structures of 

individual glycoproteins in heterogeneous mixtures. The detection by direct, radio- 

labeled-lectin staining of the carbohydrate chains of individual glycoprotein, after 
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their separation by sodium dodecyl sulfate (NaDodSO,) ~pol~acrylumide, slab-gel 

electrophoresis has been used for cellular, lectin-binding-componelit analysrs”~~ ” 

This technique has now become mot-e LIS~LI~, aincc recent stttdies on the interacttons 

of lcctins with c,ligosaccllarttle~ or glycopeptide\ hacc dcmc~nstratrtl that certain 

lectins are capable of recognirrlig specific classes of saccharidc chain\ 2 ’ (‘. .4lIhough 

the interactions of lccttnx with glycoprotrtns ma> hc affected 1,) m;r11> factor>’ _, 

accumulating evidence on lecltn-bindiilg-site 5pccificitrcs has enahlccl ii4 to csliniatc 

some of the structural ft‘ntures ofcarbohydrate chains nfgljcoproteina b! in~~c~ttgating 

their interactions with xcvcral. apccific: Icctins. WC report hetun the handing of li\c 

lectins to sec’en different glqcopr’otein\ bcarin, 0 ht~own corboh\dratc ~tructut-0. attct- 

their separation by clectrophorcais c)n NaDndSO,- po1~ac:r~iariitd~ fcl\. M’c ;lls(\ 

combined thif technique wtth spccttic cat-bohydr;ttu-chain chctnical modttication\ 

in ~irlr, tn order to dtltcrmtnc bomc carb(-rhydralo structural chatactcri~~is.s of gl!cc)- 

proteins. 

EXPERIMENTAl 

C;/~‘cnproteins. I~” Porcine thyroglobulin (PTG), purchased from Sigma Chern~- 

cals Co. (St. Louis, MO 6317X), was further purified by gel filtration on Scphacryl 

S-300 (Pharmacia, Uppsala. Sweden) in the prescncc of 0.5 ” ,, UaDodSC),. The maiot 

peak-fraction was pooled :tnd stored at 20 Bovine-serum fibrourctin (BFN) ot 

cold, insoluble globulin \tas purified according to Eng~~ll and Ruoslnhtt’ ’ from call‘ 

serum (Irvine Scientific. Santa Ana, CA 92705 ). Human transt’ct-rin ( HTi‘) and bo\ inc 

fetuin (BFE) were purchased f’rc)m Sigma Chemicals xnd used ~II-ectl!. C)\~albun:iti 

(Sigma. Grade V) was further subfractionated IIILO four fraction:, on Con A Scpharosc 

(Pharmacia) accordtng to Iwasc c’f (I/. ’ “_ The fraction cc>ntaining g;tl~tctos!l:tted. 

hybrid-type carbohydrate chains (denoted OA b) I~vasc (‘I (I/.“’ and Ot!G in this 

paper), agalactosyl, hqtbrid-rqpc carbohydrate chain:, (dcnotcd OC by I\\a\c (‘t c/l.’ ” 

and OVH in this paper), and 1iigh-m~tnnc~se-~yi~e carbnhydt-ate chain\ (dcnc)ted OD 

by lwase c’t (il. ’ ‘j and OVM in this paper) were LISA. The structures oftjlL‘C;tl.hOli!(ft-atc 

constituents of these standard glycoproteins, as detcrmincd h> \~;tntamoto (‘t it/. “I. 

Tsuji ~‘t N/. 21, Takasaki (>I r/l.“. Spil, (‘f (I/.‘~. Montrtluil”. Nilsson 1’1 Q/.“. Tm 
?f &,/,2b.Z 7 , and Yamashita r’/ N/.” are given in Scheme I 

Lectim. -~~ Wheat-gcrnt agglutintn (WGA) ~vas purtticd according to Bloch 

and Burger”). Kicimks ct~~~u~~w~is agglutinin I “’ ( RCA, ) and 1 rtrihi~ /I ~~pcym/ 

(peanut) agglutinin”’ (PNA) were puri6cd as described previousI>. cxcc’pt that acid- 

treated Sepharosc 6B was used tnstcad of”’ Sepharose -IB or Scphalnhc 613 /.c,/I.s 

dinat hcmagglutinin (LCH). purified according to Sage and Green “. \\;I:, kindI> 

provided by Dr. C. I_, Reading of our department. Concannvnlin ,I ictm ‘4) nab 

purified according to Agrabv:tI and Goldstein3’. All lccttns \+‘crc todtnated \\ ith 

Na”‘1 (New England Nuclear. Boston. MA 07 I IS) and chloraminc-T xcording 10 

Burndge”. and then purified on specific-affinity columns. Specilic r-adtoacti\, itics ot 

the ’ “1-lectin ranged from 1 IO 5 c.p.m ipmnl. The ~:trh~~li\~lr;ttc~-I,i~~~~i~~~ bpecttici- 
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PTG aNeuAc-t3~Gal-t4~GlcNAc~2aMan-t3(6)~Man~4~GlcNAc-r4~GlcNAc~Asn 
6(3) 
t ; 

aNelrAc+6bGal+4BGlcNAc+2aMan UFUC 
4 

aNezrAc-t6~Gal-t4~GlcNAc-r2aMan-t3~Man~4~GlcNAc~4~GlcNAc~Asn 
6 
t ; 

aNmAc+6BGal+4BGlcNAc+2aMan aFuc 

aMan+2aMan+2aMan+3~Man+4~GlcNAc+4~GIcNAc+Asn 
6 

aMun+ZaMan+3aMan 
6 

BFN aNeuAc-r6(4)PGalj4(3)BGlcNAc-,2aMan-t3BMan-i4PGlcNAc-t4BGlcNAc_tAsn 
6 
t 

GtNeuAc 

aNeuAc+6(4)~Gal+4(3)~GlcNAc+2aMan 
6 

aNeuAc 

HTF aNeuAc-t6~Gal~4~GlcNAc-,2aMan~3~Man~4~GlcNAc~4~GlcNAc-tAsn 
6 

aNeuAc-+6,9Gal-+4flGlcNAc-+2c(M& 
3 

aNeuAc-t6~Gal~4~GlcNAc-t2aMan-t3~Man~4~GlcNAc-t4~GlcNAc~Asn 
6 

BFE ctNeuAc-t3~Gal~4~GlcNAc-t2aMan-t3(6)~Man~4~GlcNAc~4~GlcNAc-* 
6(3) 4,8GlcNAc+Asn 

aNeuAc-t6/?Gal-t4~GlcNAc+2aMan 
4 

aNeuAc+3jGal+3BGalNAc+Ser(Thr) 
6 

t 
aNeuAc 
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Scheme I (continued) 

xMan+3aMan 
6 

OVH /lGlcNAc 

2 
/lGlcNAc+4aMan 

1 
3 

GlcNAc-+4~Man-+4~GIcNAc_t4PGlcNAc+Asn 

nMan+3rMan 

t 
aMan 

OVM ~Mun-t7aMan-,3BMan-t4PGlcNAc~4BGIcNAc-tAsn 
6 

xMan-+_iaMan 
6 

Scheme 1. Structures of the carbohydrate chams of the glycoprotelns used In this study. There 
are minor differences due to incomplete glycosylation at the nonreducing, terminal ends (possible 
missing residues indicated In Italics), and also some alternative linkage povttons (indicated by 
parentheses). For further detail?, see original references. 

ties of these lectins are presented in Scheme 2. Further details are described in the 

Results section. 

Pol~~ac.r’?.lanzi~e-~el clectroj7hore.sis. - Electrophoresis was performed in 

NaDodSO, according to Laemmlr3” on 1.5mm thick, 7”,, polyacrylamrde. running 

gels with 4”,, stacking gels. Each standard glycoprotein uas dissolved in J”,, of 

NaDodSO,, 1 “<, of Z-mercaptocthannl. 0.5mM EDTA, IO”,, of‘glycernl. and 62.5mhr 

tris-phosphate buffer (pH 6.8, sample buffer), at a final conccntr:itlc)n 01 50 /cg’mL. 

Three glycoprotein mixtures containing i pg each of PTG, HTF. and OVG: BFh 

and OVH; BFE and OVM. respectively, vverc loaded onto the slab-gel along \\ith ii 

mrxture of molecular-weight standards (myosrn. .2/, - 300 UOO: /~-I,-lalacto~idase, 
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aNeuAc+ 
aNeuAc+ 
crNeuAc-+ 

f 
WGA 1 

PNA fpGal+3BGalNAc 

-+4,!?GlcNAc+2aMan+3~Man-+4~GlcNAc+4/?GlcNAc+Asn 
6 6 

LCH + t T 
+4BGlcNAc+2aMan aFuc 

+2aMan+3pMan-+ 
6 

Con A -+ T 
-+ZaMan 

Scheme 2. Interpretation of the binding specificities of lectins used in this study’2-17,40. 

PTG 

HTF 

BFE 

- MY 200K 

c- GA 116K 

- PH 93K 

- BA 66K 

ti OV 45K 
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Fig. 1. Positions of migration of OVG, HTF, and PTG (lane 1); OVH and BFN (lane 2); and 
OVM and BFE (lane 3) after electrophoresis on 7 0; polyacrylamide gels in the presence of 1% 
NaDodSOa: M, markers are: myosin (MY), ,0-D-galactosidase (GA), phosphorylase b (PH), bovine- 
serum albumin (BA), and ovalbumin (00 



RESIILTS 

Birdity of‘ lt.GA to .stmhrd ,qi!,l.o/)~otcitw. Binding of ’ L51-labclcd WGA 

to the standard glycoprotcin\. after electrophorrsis 111 7 “_ p~)lyacr~lamid~ gels. 

indicated that BFE. OVG. and OVtl reacted cvlth this Icctin. \\hcrea~ PTG, BFN. 

HTF. and OVM fallcd to react ( 1F1g. 2 ). After \inlic acid had hew h> drol> red from 
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1 2 3 B 5 6 7 8- 9 

-MY 

- 

---GA 

-PH 

----+A 

215 

---OV 

Fig. 2. Autoradiograph of NaDodSOA-polyacrylamide gel stained with I”“I-WGA. Each lane 
contained 1 ,~g each of the same glycoproteins as described m legend to Fig. 1. Lanes I, 4, and 7: 

OVG, HTF, and PTG; lanes 2, 5, and 8: OVH and BFN; and lanes 3, 6, and 9: OVM and BFE. 
Lanes 1-3, untreated and treated with 1z51-WGA; lanes 4-6, desialylated by mild acid-hydrolysis 
and treated with 12X-WGA; and lanes 7-9, desialylated, Smith degraded, and treated with lz51- 
WGA. Molecular weight markers are the same a5 in Fig. 1. 

the glycoproteins by heating the gels in the presence of mild acid, followed by washing 

and staining with ‘251-WGA, binding to BFE could no longer be detected, whereas 

the ovalbumins having hybrid-type-carbohydrate chains retained their WGA-binding 

properties (Fig. 2, Lanes 4-6). These results demonstrated that WGA binding to 

fetuin was mediated by sialic acid-containing carbohydrate chains, as suggested by 

Monsigny et al. 3g and Bhavanandan and Katlic’ ’ (Scheme2). On the other hand, sialic 

acid was not involved in the interactions of ““I-WGA with OVG and OVH. In this 

case, the terminal 2-acetamido-2-deoxy-b-D-glucopyranosyl group that is linked to a 

/3-D-mannopyranosyl residue appeared to be important, as shown by Yamamoto 

et al.” using glycopeptides of known structures. Thus, comparing WGA-binding 

to the glycoproteins separated by gel electrophoresis, before and after mild acid- 

hydrolysis, enables distinction of the two different, outer carbohydrate chains that 

may form the combining sites for WGA. 

In order to obtain further information on the carbohydrate core-structures, 

glycoproteins in polyacrylamide gels were desialosylated, subjected to Smith degrada- 

tion. and tested with 1251-WGA. The degradation products of HTF and BFE bound 

to ‘251-WGA, and the Smith degradation product of PTG bound slightly to “‘I- 

WGA (Fig. 2, Lanes 7-9), but 1251-WGA did not bind to any of the other glyco- 

proteins after these treatments. The three glycoproteins binding to ‘251-WGA share 

the common feature of having complex-type sugar chains with three outer branches 

(see Scheme I ). Although PTG contains this type of complex-sugar chain, its content 

is relatively low20. Smith periodate-degradation of the carbohydrate chains, after 
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removal of sialic acid. is believed to produce a /Lr>-Glq~NAc-( 147 )-[/i-l+2lc/~h’.4c- 

(1 4)]-r-~-Man/,-( I +6)+1)-Man/‘-( I +3)-/i-u-GlcltNAc-( I -Al)-l;-I,-C;lc/~hAc-( I --$ 

4)-Asn structure that presumably interacts strongly \+ith WGA. Con~cr-scl!. Smilh 

periodate-degradation of bibranched. complex-type, carhohqrlrate residues results 

in a /?-D-Man/?-( 1 --4)-/l-1,-Glc/~NAc-( I -TV)-/l-t,-Glc/,NAc-f I ---I)-Aw structure that 

does not interact strongly with WCA. OVH and OVM wcrc not bound b? WGA 

after Smith degradation. This result IS consistent with the prcviouh lindings” that 

the trimannosylchitoblose core-btructure of‘ the asparaFinc-linhecs. carbohydrate 

chain is not bound to WGA. Smith degradation of OVG gaw :I ,/LI)-GIc/JNA~-( I --I)- 

a-n-Man/l-( I +3)-/j-r>-Manp-( I -+4)-/LD-GIc/JNAc-( I -4)-/i-n- Glc,~l\lAc-( I --+-I)-Am 

structure that did not react with WGA. as suggested by \r'aman~oto ('I u/.". 

Binclinp o/’ RC.3, NIIC/ PN.4 to .stcrm/md ~/r!~.c.oj,,.c)luilr.s. .-. f’nor to rcmo\~al ot 

sialic acid, PTG. BFN, and HTF bound to RCA, only wcnl\lq (Fig. 3. lanes l--3). 

The nature of the binding of ’ ” I-RCA, to thcsc siallc acid-containing glycoprotcins 

is unclear: it may be explained either by the linkage bet\ceen 4alic acid and I)- 

galactose residues’(‘. or by the existence of a small proportion of carbnhydratc 

chains devoid 01’ mlic acid. RCA, hound strongly to the standard glycoproteinx 

containing complex-type. carbohydrate chains. such as PTG. Hf.\. HTF. and 

BFE, after sialic acid had been removed (FIN. 3. laws 4 6 ). Ok G hho\+ed the wmc 

lo~v binding of “‘I-RCA, before and after mlld acid hydrol>5ih. Thcx t’chiilta art 

consistent \vith our earling finding’ ’ that RCA, i\ useful 111 the ilctcctlk;n of complc\- 

type. carbnhydratc chains hawng :I terminal Gal -Glc?iAc sec~uellcc~ (sc‘llL’lllc‘ 2). 

Although this experiment did not provide evidence for the preclw \pcciiicity of 

RCA, and its apparent, lower bindrng-constant to Gal -<;uINAc ~LICIIC~‘~“~‘. this 
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1 2 3 4 5 6 

-----MY 

-6A 

-PH 

--BA 

-----+I 

Fig. 4. Autoradiograph of NaDodSOa-polyacrylamide gel stained with l%LCH or with lz51-con A. 
For content of lanes, see legend to Fig. 2. Lanes 1-3: untreated and treated with lz51-LCH; lanes 
4-6: untreated and treated with 1351-con A. Molecular weight markers are the same as in Fig. 1. 

difference in specificity has been confirmed by Tsao and Kim41. Of the standard 

glycoproteins, PNA interacted only with BFE after removal of sialic acid (Fig. 3, 

lanes 7-9), which is consistent with our previous results” showing that PNA binds 

preferentially to the Gal-+GalNAc sequence (Scheme 2), a conclusion confirmed by 

others”‘. Binding of this lectin to any of the standard glycoproteins, before removal 

of sialic acid, was not observed. Thus, the complementary labeling-profiles of RCA, 

and PNA appear to be useful for determining whether the galactose-containing carbo- 

hydrate chains belong to the mucin- or complex-type as described earlier”. 

Binding of LCH and con A to standard glycoproteins. - LCH bound only to 

PTG among the standard glycoproteins (Fig. 4, lanes l-3). This result is consistent 

with the finding of Kornfeld et aLI6 who showed that LCH binds to glycopeptides 

having two a-D-mannopyranosyl residues with free OH-3 and -4 groups, and an 

a+fucopyranosyl group linked to the 2-acetamido-2-deoxy-D-glucose residue linked 

to asparagine. As shown in Scheme 1, BFN and HTF contain such complex-type, 

carbohydrate chains, but do not contain an L-fucopyranosyl group linked to the core. 

BFE has an L-fucosyl-containing carbohydrate core, but with three outer branches. 

Con A interacted with PTG, HTF, OVH, and OVM (Fig. 4, lanes 4-6). From 

previous observations of binding to glycopeptides13s14, con A is known to bind to 

high-mannose-type, agalactosyl hybrid-type, and complex-type carbohydrate chains 

having two outer branches that possess two a-D-mannopyranosyl residues with un- 

substituted OH-3 and -4 groups (Scheme 2). Our results are consistent with these previ- 

ous reports, except for BFN which bound con A only weakly. The reason for this 

behavior is unknown, but it is possibly due to the unusual content of sialic acid 

residues of the BFN carbohydrate chains”. 



Pectins have been \A:idcly used for the study of the strclcturcs and functions ~:i‘ 

cellular glycoproteins. but only until recently has the exact natnrl: 0f th,: binding 

specificities of soinc lectins been elucidated. This report describes ;i pr~ccdure !‘(>I 

estimating the structure of carbohydrate chains of individual f,l!col~roleiii-~c,mpo- 

nents, after separation 13) NaI?odSO, -~polyacrylamii!e fCI-ClCCil.rrlll:i~l.Cii~: ThC 

technique presented herein ii based on procedures described b> OtliC.l.%i’ “. but it is 

more refined. because (a) the braining conditions MUX carcfulI\ conti-~:lkd to a\c?id 

nonspecific or low-aflinit! binding of ‘IT I-lcctins. (b) lcctin binding \\:i> \vith chemical 

modifications of the C~l~~hO!i~~d!XtL! ch;iil:\. and (c) the labeling 01’ c:!cll glycoprolcin 

was compared to the labeling nf the 5amc glycoprotein \\ith ’ “i-l~lins ilaiiny 

related cal-bohydrate-binding specificities. Thus, when ci)nccntt.~ltior:s o!‘ “‘1-con A 

10 times higher than usual here i~sed, not only glycoprotcins not iist!;ill! stained hut 

simple proteins, loaded as molecular-weight markers. wcrc weakly at;;il:td. It \~;Is Am 

important to monitor the concentration and activity of the labeled Ifctini h!-in<:asuring 

the binding to erythroc! tes. The mrtthods described hcrc+n have b:cn ~~l‘nl I’oI- 

identifying the lectin-reactive molecules produca! b> ccli~. and for cPCci.miGng lhc 

types of carbohydrate chains of individual glycoy7rotein-coii~p~~ile~~~, \~hik i7 poly- 

acrylamide gels. The rmjor advantage5 of the procedure arc‘ that (aj i: is applicahlc 

to virtually any mixture ofglycoprotcins that issoluble in NaC>o.lSO,: (h) ~hc: nnal~sis 

may be performed in the presence of a large excess of nonglyco~g latcd pratcll~x: :~nd 

(c) the chemical modifications arc performed after clectrophorc\i~, and L;IC mollilicd 

glycoproteins xi-c identified at Lhc position i.)fclcclrc,phorctic migratik71~. T‘iic Wchnilluc 

has been applied s~icccssfuily to lho analysis 01‘ complc~ mihlii1.25 ilf gi!~i~pr~~lcins 

from rnLlrine-mela:loin:i cells that pcjsscl;s difrering niclostatic abilitic5 li. 

When applying the Icctin-labeling lo mixtures of cellular gl>i’oproWi~is: the 

following pKC~LlliOilS 171ubt be Ilcdctl: (a) ill lllc cXpcrimcnlc dcs2:-i:ICcI licri.in. the 

amount of skindard plycoprotcins \vas Jiscd at I /lg. I>111 lhc !rctu;li :lIl~oLill:> ot 

cellular glycoprolcins may not bc known. ‘Thus, wcalily stained bands in gcl3 ct)uld 

result f’rom either ii low :iniollnt of a particular componcnl. i)r ;I IOWCI- 12ctiil-;lilinii.> 

for the carbohydrate ch;\ins. In this respect. it is cxtrLtnrei> Import;lnt to use rcl:itive:! 

low concentrations ot’ lcctins ii1 llie staining pi-ocrcl~~i~~~. 111 orticr to ,1\0id hiiidit:g 

to low-allinity r-eceptoi-s. Since the association constants of the jntcrac?i4?n:, of kno\\ ii 

&tins with glycopcptide receptors were Co~iG_lci-cd l”Ld . . . 5 x 1 ()“*I ’ Iccljn con- 

centrations as low ;ts 0.1 O.Zj(hl ncrc iwtl. Flowcw~, wtw \vitjl SLLCI: <t;iiiling con- 

ditions, large amounts or low-aflinity, ~lvcopr(~tein-lectill rccrptor:, COKI~ he d~“tectcd 

as posilivr binding. In this regard. comparisoii bcl~bccn the labclings b! I:.clinr ha\ in;! 

related spcciiicitics provitl~4 :~titiition;ti informalion. (b) The cc~nii~rariorl o!‘ ~U’O 

diffcrcnt glycoprotcins cannot hc difYcrcntiat2d l‘roni the prcscncc c,i‘ :I 5inglc glyc~o- 

protein containing niultiplc, h~terogencous curhohydralc chains. Ic) 1-1~ cfrect, IIH 

lectin binding, of multiple cat&hydratc chains linked to a single poI\~pcplIde_ is ~ot 

yet fully understood. Although, in this study, only remo~tl of Galic acid and Smith 
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degradation were applied, other chemical modifications are possible, such as removal 

of L-fucose and sialic acid by acid hydrolysis . ” Alkaline degradation would be 

difficult owing to the instability of the polyacrylamide gel under alkaline conditions, 

but electrotransferring the glycoproteins to another membrane may be feasible. 
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