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.INTRODUCTION 

LYSOSOMAL ACID HYDROLASES 

The process of degradation of cellular. constituents ~ilj,. . 

o.ne of the main feature$ in ~aintenance .of the • steady sta1i~' .• 

·. Enzymes capable of cleaving various linkages found in gl:r,eo~ · 
/ 

proteins are primarily 'localized in lysosomes, organella w~~ 

a complete complement.of hydrolases to degrade almost all cellvy.~ar 
' ' :... ,")' 

constituents (1). Ther e~ibit optimum activity in acidi~. 

~edium. It has been observed that all. the lysosomal hydr~la's~s 

including those acting on glycoprotein substrates are themselves 
' ' '. '~ ' ' - --1 " c: . ' 

/' 

glycoproteins (2). This might explain the l,Ulusual abilit}"* oft . 

these enzymes to remain stable at an acid .pH and in the p,;C!!t,.·ence~ 

of lysosomal proteases. 

Glycoproteins are most diverse group of biological> 
.. 

polymers that are.constituents of almost all living organiSJilS 
> 

with the possible exception of bacteria (3) -~ Included in."thl$.:. 
7' -"~- ·'-' ,_,· :> _.J"' ·';" 

/ 

class of compounds are enzymes, immunoglobulins, hormones#. t.:a~ins~ 
- - . . ' ., -' ¥' ·,, f ) ' ' 

lectins and structural proteins. The carbohydrate units v~ ii;l' 

size and structure from that of a mono-or disaccharide to 

branched oligosaccha.t:ides consistJ,ng of about 20 ·or mor.e ~gqo._ 
' ' . .. ,. f.·, 

saccharide residues. The number of such chains in different; 

glycoproteins ranges between·! and over 100 and they are distri­

buted unevenly along the polypeptide backbones .• 

The carbohydrate units are classified ~ccording to the 

nature of their carbohydra_te peptide linkages. Oligosacch~~de~ 

cha.ins may. be linked N-glycosidically from GlcNAc to l.fsn 0;- ·, _ 

0-glycosidically from GalNAc/Gal to Ser or Thr in the pep1;ide.a 
' ~- •' " 
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Asn-linked oligosaccharides contain a common pentasaccharide 

core, Maned --+3 (Man0(1___..6)Mans1-4 GlcNAc/31.....,..4GlcNAc. To the 

pentasaccharide core are attached additional residues resulting 

in the formation of three ~lasses of N-glycosidic chains 

(Figure ..;1). (i) Oligosaccharide chains which contain only 

6-12 Man residues are attached to the core. These chains are 

often branched and are known as 'high mannose-type•. (ii) Those 

which contain the disaccharide Galfl144GlcNAc with or without 

NeuNac linked to Gal are known as 'complex-type'. According to 

the number of Gal131~4GalNAc units they have been designated as 

bi-, tri- and tetraantennary complex oligosaccharides. (iii) Oligo· 

saccharide unit in which both Man residues and Gal131-4GlcNAc 

are attached to the core is classified as 1 hybrid-type•. 

Variations on these basic structures are known. Thus 

Fuc may be attached in an &1-+6 linkage to the Asn-linked 

GlcNAc or in an o( 1--+ 3 linkage to a GlcNAc of one of the Gal/31--4-4 

GlcNAc units. Sometimes, the core Man is substituted by a 

GlcNAc residue. Non-ca.rbohydrate substituent& also occur in 

N-glycosidic units. Phosphate residues are present on C-6 of 

Man. Sulfated glycoproteins have been isolated from various 

animal sources (4). 

Oligosaccharide chains. attached to the peptide by 

0-glycosidic linkage from GalNAc/Gal to the hydroxyl group of 

Ser or Thr. The GalNAc-ser/Thr linkage is found mainly in 

mucins, blood group active glycoproteins and certain membrane 

glycoproteins. The simplest O•glycosidically linked 6l~go­

saccharides are NeuNAco(2~6GalNAc found in most submaxillary 
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Adopted from Elbein, A.D. (1984) CRC. Critical. Rev. 
Biochem. !§_, 22. 
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and GaL13l _,. 4GalNAc found in antifreeze glycoprotein of 

c fish (5). More complex a-glycosidic oligosaccharides . 
present in many glycoproteins. <>-Glycosidic linkage throug~ 

is .confined exclusively to collagens (6). Xyl...Ser is typical 

·of glycosaminoglycan linkage to peptides. 

Glycoproteins perform many vital roles in living systems. 

In spite of the remarkable advances in our knowledge of glyco­

protein structure and metabolism, little is "known about the 

contribution of the carbohydrate moieties for their functions. 

It.is apparent that carbohydrates in glycoproteins do. not perform 

a single function but act in a variety of ways •. In particular, 

they modify the physicochemical pr,operties of proteins by changing 

hydrophobicity, electrical charge, mass and size. Glycosylation 

is not a prerequisite for secretion. In most glycoproteins 

oligosaccharide chain is not immunogenic; a notable exception 

are the blood group substances. Carbohydrates serve as important 

recognition markers on glycoproteins and on cell surfaces. 

Studies with salivary glycoprotein that are rich in 

sialic acid have led to the conclusion that this saccharide is 

responsible for the high viscosity of mucous solutions {7). The 

antifreeze glycoproteins of Antarctic fish depend for their 

activity on the integrity of their disaccharide units (8). It· 

has_ been known for a ·long time that, glycoproteins especially if 

they are sugar rich, are relatively resistant to proteolys:ts. 

The resistance is probably due to the fact that, the oligosaccharide 
• 

chain is situated on the surface of the proteiQ and may act as 
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a local shield that hinders the approach of proteolytic 

enzymes to the peptide chain. It has also been suggested 

that saccharide units may function in directing the protein 

to its most stable conformation {9). 

Asymmetrically distributed saccharides of cell 

membrane is in the form of glycolipids and glycoproteins. 

The membrane glycoproteins play a part in what has often been 

referred to as the social behaviour of cells. Saccharides are 

important in determining the life span of circulating.glyco­

proteins and cells. The classic work of Ashwell and Morell 

has demonstrated that removal of sialic acid from circulating 

glycoproteins leads to a dramatic enhancement in the rate of 

their clearance from the circulatory system (10). Uptake 

depends on the recognition by the liver cells of the exposed 

Gal residues on the glycoprotein. A different system in 

which saccharides. serve as ~ recognition marker for the 

intracellular seggregation and pinocytosis of certain glyco­

sidases will be discussed later. 

Biosynthesis 

The polypeptide chains of glycoproteins are synthe­

sized by the same machinery that produces non-glycosylated 

proteins. Attachment of the carbohydrate chain starts 

during translation, although some residues are incorporated 

post-translatioQ.ally. The biosynthesis of N-glycosidic 

units proceeds by a mechanism different from that of • 

0-glycosidic carbohydrate chains, although the primary sugar 
• 

donors in the synthesis of bqth classes of carbohydrate units 



are sugar nucleotides and the enzymes involved are glyco,;,./ 
,• I ' ) 

syltransferases (11). Glycosyltransferases add with great. 

·: precision, single sugar J:esidues or oligosaccbarides· front. 

their activated donor substrates to suitable·apceptor 

molecules. These enzymes are most conveniently classified 

acco.r;ding to the sugar tra~sferred. Elongation of the 

oligosaccharide chain proceeds by sequential a.ction ofi, .. th­

transferases, the product of one glycosyltran-ferase s'f!rv•lng 

as the substrate for the next one. 

The biosynthesis of Asn-linked oligosaccharide is 

a multistep process which involves, (i) asseJn))ly of a 

lipid-linked oligosaccharide intermedie.te, (.ii) ·transfer~~· 

the oligosaccharide from the lipid carrl:er to the growing•.: 

peptide chain, and (iii) trimming of th~. carbohydra~e· ~it' 

and add.t."tion of peripheral saccharides • Through the pion~eJ:­

ing work of Leloir and his co-workers,. sq-ong evidence .. wa•r 
provided for the transfer of Glc, Man and GlclJAc from t.hei£ .... 

."' ' •,,,,,,:;;, 

respective nucleotides .to Dol-P, a phosphoi;yl.ated polY'ireJ:oi: 
··c· ' I ~ ·,, 1,~ ,'/'\ 

containing 14-21 isoprenol units, with ~-i$oprenql uni~ 

saturated (12). The lipid-linked oligosaccharide synthesized 
' /~ - { 

in the endop~asmic reticulum consists of G~c~M~9G~c»J\.C::2 " , 

linked to Dol via a pyrophOSJ?hate. ~he biOf~~theti~ ~ath~~Y. · .. 
of the so called dolichol phosphate cycle is :•chematically~ 

' - ' ' ' 

illustrated in Figure 2. Synthesis begins with the revers.ible 
\ 

transfer of a GlcNAc moiety from UDP-GlcNAc •tP Dol•P , • · , · 
*;- 0-, 

{Reaction.1), followed by the irreversible.transfer :of a 
~ :• ' 

second GlcNAc residue from UDP-GlcNAc to givce (Gl¢tlAc) 2-P ... P.'­

Dol (Reaction.2). The first five Man 



• 

.< Fstg ~2. Do;lichol':"'phos <hate c cle o " 
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directly from GDP-Man (Reaction.3). Addition of the last 

four Man and all three Glc proceed via the corresponding 

Dol-p derivatives (Reaction.4 and 5), formed from UDP-Man 

and UDP-Glc respectively (Reaction.4a and Sa). 

The presence of the tripeptide sequence Asn-x-ser/Thr 

(where X can be any amino acid except Pro and Asp) is a 

necessary condition for glycosylation to occur. The saccha-

ride chains seems to be preferentially attached to peptide 

sequences forming ~-turns (13). The presence of Glc in 

the lipid linked oligosaccharide serves as a signal for its 

transfer to protein. It has been suggested .that rapid 

folding of the polypeptide chain may be responsible for the 

lack of saccharide chains at potential attachment sites (14). 

The processing of oligosaccharides attached to the 

protein begins with removal of terminal o( 1-2 linked Glc 

residue by the enzyme glucosidase I in the lwnen of rough 

endoplasmic reticulwn (15). The enzyme glucosidase II acts 

after glucosidase I and removes stepwise the two inner ~1-+3 

linked Glc residues (Figure 3). The endoplasmic reticulwn 

QC-mannosidase catalyzed the removal of single Man'~~{tesidue 

from Man9GlcNAc2 to yield Man8GlcNAc2 • Processing ·continues 

by further trimming of o<1-42 Man residues to yield Man5GlcNAc2. 

This is accomplished by the action of Golgi~~-+2 mannosidase 

IA and IB (16). The transfer of GlcNAc to the Man residue 

linked oCl ~3 to the f3 -linked core Man is essential before 
' -· 

oc-mannosidase removes the two Man residue linked to Man, 
• 

which are lil')ked oc1~6 to the core Man. GlcNAc residue is 
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~ ... 
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~~ . .. 
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J UDP- • I GJcNAc-transferase 11 
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Fig.3. Scliematic representation of the processing re~6tions 
in the synthesis of complex-type aspcu;:agine-lin~~­
qligosaccharides. 

Adopted from Sharon, N. and Lis, H. (1982) 
Mol. Cell. Biochem~ ~, 177. 

• 

• 
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added by GlcNAc-transferase I in !31_,.2 linkage to the "'1_,.3 

linked Man, and this reactiQn is essential for normal proce­

ssing (17). Golgi~-mannosidase II removes the non core 

OC1 -...3 and c<1 ~6 Man residues to yield GlcNAc Man3 (GlcNAc) 2 • · 

The assembly of complex-type oligosaccharides is 

initiated by GlcNAc transferase II which adds .the next 

GlcNAc residue to ~1~6 linked Man. As soon as the second 

GlcNAc residue is added, L-Fuc can be incorpo~ated into the 

GlcNAc nearest the Asn residue by L-fucosyltransferase. 

Another GlcNAc residue may be added to the !l-linked Man of 

the core by GlcNAc transferase III (18). Galactosyltrans­

ferase catalyzes the addition of Gal in f3 1~4 linkage to the 

terminal GlcNAc residue of the branches. Elongation of the 

chain is completed by the addition of sialic acid residues 

in oc!'2~3 or0.:::2~6 linkage to the Gal residue or occassionally 

of L-Fuc in~1~3 linkage to the branch GlcNAc residues. 

Unlike the other common sugar nucleotides, the transfer of 

CMP-NeuNAc takes place with inversion of the anomeric carbon 

atom. Subsequent to the attachment of sugars the saccha~ide 

chain may undergo various modifications (19). The Man-6-P 

recognition marker is synthesized by the transfer of GlcNAc-

1-P from UDP-GlcNAc to the c-6 hydroxyl group of a Man residue 

and hydrolysis of the covering GlcNAc residue. 

The biosynthesis of oligosaccharides linked through 

GalNAc-ser/Thr occurs by sequential addition of one sugar 

at a time to the growing glycoproteins (19). The rirst step 

in the biosynthesis is the attachment of GalNAc to an hydroxy, 
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aminoacid in the peptide back bone, catalyzed by GalNAc 

transferase. There is an important branch point immediately 

after incorporation of GalNAc. If incorporation of sialic 

acid occurs, to form NeuNAc~2~6GalNAc, further attachment 

of carbohydrate cannot take place. If Gal is incorporated 

to form Gal f3 1 ~ 3GalNAc the pathway proceeds towards the 

synthesis of various saccharides. 

Some of the Hyl residues of collagen are glyco­

sylated by the action of galactosyltransferase to form 

Gal-~-Hyl. The Gal residue may serve as an acceptor for 

a specific glucosyltransferase forming Glc~1~2Gal (20). 

The glycosylation of collagen Hyl apparently occurs in 

concert with the hydroxylation of Lys in the endoplasmic 

reticulum and ceases when the collagen chain folds in to 

triplex. 

Regulation of glycoprotein biosxnthesis 

There are a number of potential sites of regulation 

of the N-glycosidically linked glycoprotein biosynthesis. 

These include regulation of the level of (1) initial glycosyl 

donors, sugar nucleotides; (2) glycosyl acceptor, Dol-P7 

(3) Glycosyltransferases and glycosidases that catalyse 

these reactions and (4) acceptor protein. There are at 

least two regulatory mechanisms known to affect the 

synthesis of nucleotide sugars essential for glycoprotein 

synthesis. The first of these involves inhibition of 

D-fructose-6-phosphate:L-glutamine amidottansferas~by 

UDP-GlcNAc {21). This enzyme catalyses the first step in 
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the synthesis of hexosamine from hexose and therefore 

controls the availability of UDP-GlcNAc, UDP-GalNAc and 

CMP-sialic acids. The second control point involves inhi­

"bi tion by CMP-sialic acid of UDP-GlcNAc-2-epimerase, an 

important enzyme in sialic acid biosynthesis (22). Enzymes 

· which degrade nucleotide sugars are present in mammalian 

tissues and may play a role in controlling glycoprotein 

synthesis. Thus liver plasma membrane carries on its outer 

surface an enzyme which acts as a nonspecific pyrophospha­

tase capable of cleaving various nucleotide sugars (23). 

The donor nucleotide sugars for all glycosyltrans­

ferase reactions involved in glycoprotein synthesis are 

formed in cytosol a site distinct from that of glycosyltrans-

£erase action. Once formed the nucleotide sugars are trans­

ported to Golgi and.are utilized for glycoprotein synthesis. 

The products of glycosyltransferase action, 5 1 -nucleotides, 

are potent inhibitors of nucleotide sugar transport, which 

potentially modulate glycoprotein synthesis. A rather 

bewildering array of inhibitory and stimulatory effects have 

been described in studies on the actions of nucleotides on 

glycosyltransferases. Some of these effects are probably 

the result of allosteric interaction between nucleotides and 

glycosyltransferase, while the others are caused by the . 

protection of nucleotide sugar from hydrolysis by pyro­

phosphatases (24). These studies suggest that intracellular .. 
nucleotide sugar concentration may play an important role 

• 
in the control of glycoprotein synthesis. Control of the 
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level of GDP-Man may affect the level of glycoprotein 

synthesis, since Man is uniquely found in glycoproteins. 

Two specific sites of regulation of protein glyco­

sylation would be those involving Dol-P synthesis and 

regeneration of Dol-P from Dol-PP. Possible sites for 

specific regulation of synthesis of Dol-P are either those 

involving condensation of isopentenyl units with farnesyl 

pyrophosphate or the reactions involved in the final structural 

alterations to the complete chain (254,:) One of the end 
''',':;,~-. 

product of the reaction between oligosaccharide-P-P-Dol and 

acceptor protein is Dol-PP. Presumably for Dol-PP to 

•recycle' and serve as an acceptor, it must be enzymatically 

converted to Dol-P. An enzyme that acts on Dol-PP has not 

been discovered in eukaryotes (79). Another possible site 

of regulation is the interconvertion of Dol and Dol-P. 

Although a phosphatase that acts on Dol-P has not been 

reported, a kinase that converts Dol to Dol-P has been 

detected (26). 

Quantitative or qualitative modification of glyco­

syltransferases also controls glycoprotein biosynthesis. 

They can be broadly classified as (1) factors which affect 

the availability of substrates, cofactors and cations, 

(2) factors which activate, inhibit or modify enzyme acti­

vity, and (3) factors which affect the synthesis and cata­

bolism of enzyme protein. Genes control the synthesis of 
oligosaccharides primarily by be~ing structural genes for 

a large variety of glycosyltransferases. Little is known 
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~bout the mechanism that regulate the .expression of glyco­

syltransferases. 

Williams. and Lennarz have obtained evidence that 

indicates that the substrate specificities of the processing 
- ' 

enzyme can differ between tissues and or speci~s (27). These 

findings indicate the control of processing involves more 

· sophisticated mechanisms than simple exposure of the oligo ... 

saccharide chains. It may·be that interaction of protein 

sig:nals with certain signal glycosyltransferases, which. 

mediate the terminals teps in oligosaccharide assembly, I 

determines which of the many possible structures the mature 

oligosaccharide will have. ·Alternatively, differences in 

the interaction of. the oligosaccharide with 'the underlying'· 

peptide may determine the nature of the final structure (2~). 

One determinant of oligosaccharide processing is the 

location of the protein in the cell. The glycoproteins 

resident in endoplasmic retic.ulwn, not having been exposed 

to Golgiprocessing enzymes, would be expected to have only 

high mannose units; HMG-coA reduc.tase has Man6 (GlcNAc) 2 and 

Man8 (GlcNAc) 2 chains (29). These findings indicate that 

the physical accessibility of the oligosaccharide t.o processing . ' 

enzymes can control processing. The interaction .of P;I"Otein 

subunits may also influence oligosaccharide processing. 

Pollack and Atkinson noted that the location of glycosylation 
' I 

sites in the polypeptide chain correlates with processiflg (30) • 

.. 



12 

Glycosylation 
,, 

Great interest has been focussed .·on compounds that 

prevent glycosylation of Asn-linked glycoprotein or 

cause alterations in the structure of the oligosaccharide 

chains. Inhibition of the transfer of GlcNAc-1-P to the 
' 

lipid carrier can prevent glycosylation of the protein, 

where as inhibition of other reactions in the formation of 

lipid-linked saccharide can modify the oligosaccharide 

·structure. Alternatively, inhibition of the synthesis of 

·the carrier, Dol-P will also prevent glycosylation of the 

protein. Another way to prevent glycosylation is to modify 

the amino acids in Asn-x-ser/Thr, the tripeptide that carries 

the oligosaccharide chain. Several plant alkaloid and sugar 

analogues, with nitrogen in the ring instead of oxygen 

block the processing pathway at various stages, giving rise 

to modified oligosaccharide structure. Finally, the trans­

port of glycoproteins from the endoplasmic reticulum through 

the various Golgi stacks is inhibited by certain ionophores; 

this effectively stops terminal glycosylation. 

Tunicamycin, an inhibitor of lipid-linked oligo­

saccharide formation is a nucleoside antibiotic composed of 

uracil, a fatty acid and two glycosidically linked sugars. 

This antibiotic inhibited the first step in the lipid-linkeCi 

saccharide pathway, i.e, the transfer of GlcNAc-1-P from 

UDP-GlcNAc to Dol-P, to form Dol-PP-GlcNAc (31). Tunicamycin 

acts as a tight binding, reversible inhibitor, and.might be 

a substrate-product transition state analogue. TUnicamyc.tn 
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may inhibit protein synthesis, and any observed effects on 

glycoprotein function or cellular physiology must be considered 

in that light (32). Tunicamycin has been used in great 

nwnber of studies to examine the role of oligosaccharides 

in the properties and function of various glycoproteins. 

several other antibiotics have been shown to inhibit 

the formation of lipid-linked saccharides in cell free 

eXtracts of various tissues. Arnphomycin inhibited the 

formation of Dol-P-Man. In extracts of brain, amphomycin 

inhipited the formation of Dol-P-Glc, Dol-P-Man and · 

Dol-PP-GlcNAc, showing that the inhibitor might form a 

complex with Dol-P, thereby inhibiting these reactions (33). 

Tsushimycin is a lipopeptide antibiotic that appears to have 

the same site of action as arnphomycin. Bacitracin, a 

peptide antibiotic, also inhibits lipid-linked saccharide 

formation. The action of bacitracin is due to its ability 

to form a complex with poly isopreny 1 phosphates.. Thus 

bacitracin appears to effect all of the reactions in which 

polyisoprenyl phosphate participate (34). Diumycin was found 

to inhibit Dol-P-Man synthesis. The antibiotic also blocked 

the transfer of the second GlcNAc (35). The antibiotic 

flavomycin also interferes with the formati9n of lipid­

linked monosaccharides. Showdomycin probably inhibits the 

lipid-linked saccharide pathway because of the reactivity of 

of its maleimide groups towards -sH groups on the. sensit~ve 

enzymes (36). 

When cultured animal cells are incubated with 



14 

2-deo.xygl,ucose, the sugar is converted to both UDP-2-deoxy­

glucose as well as to Dol·~-2-deoxyglucose. The major 

cqmpound involved in the inhibition of protein glycosylation 

ls GDP-2-deoxyglucose that serves as a sugar donor for the 

formation of Dol-PP(GlcNAc) 2-2-deoxyglucose, which cannot be 

further elongated (37). The accumulation of such abnormal .. 
"lipid-linked saccharides may prevent glycosyiation and may 

alsotie up all the available Dol-P. The UDP and GDP deri-
t 

vatives of 2-deo.xy-2-fluoromannose were also found to inhibit 

lipid-linked saccharide synthesis., A number of sugar analogues . 
including 4-deoxy-.4-fluoro-D-Glc, 4-deo.xy-4-fluoro-D~Man~ 

2-deo.xy-2-fluoro-D-Man and 6-Deoxy-6-fluoro..oo-Man appeared 

tQ inhibit the synthesis of lipid-linked saccharide (38). 

Glucosamine inhibits an early-stage in the assembly 

of the lipi<l-linked olJI.gosaccharides, but the inhibition 

requires intact cells (l9). Mannosamine was also an inhibitor,. 

and appears to inhibit at. a different step in the biosi'nthetic 

pathway than gluccisamine (40).· One problem with the use of 

sugar analogues is that they may be metabolized in the cell, 

leading to alterations that indirectly affect protein 
' 

glycosylation. Some uncouplers of oxidative phosphorylation 

and Glc starvation also effects glycosylation (41). 

Oligosaccharide processing inhibitors havespecific 

sites of action on'the c,;Jlycosidases, leading to altered 

of.igosaccharide structure. Swainsonine was shown to be•a 

potent inhibitor of lysosOIJl&l ce-mannosidase (42). .;It was 
" 

suggested that the inhibitory action of swainsonine results 



L 

15 

from the structural similarity of its protonated from to the 

mannosyl cation. The liver Golgt Ot!'~mannosidase II was decreased.· 

Castanospermine, a plant alkaloid, was found to be a strong 

competitive inhibitor of a:--glucosidases (43). It also 

inhibited /3•glucosidase although less effectively in a 

competitive manner. 

Deoxynojirimycin as'well asnojirimycin is a Glu 

analogue with an amino group substituted for the oxygen a tan 

in the pyranose ring, were found to be potent inhibi~ors 

of «"-glucosidases_ (44). Based on the inhibition of gluco­

sidase by deoxynojirimycin, the Man analogue of this compound 

was synthesized chemically and shown to be an inhibitor of 

«'-m~nosidase lA and IB (4SJ. Glycosylmethyl-p-nitrophenyl­

triazenes irreversibly inactivate lysosomal f3 -galactosidase 

and 13-glucosidase in vitro (46). 

Threonine analogue, !3 -hydroxynorvaline inhibited the 

glyc.osylation by m9dification of the ,amino: acid sequen~e at 

the Asp residue that becomes glycosylated (47). Threo-8-

fluoroasparagine, markedly inhibited glycoslylation by its 

incorporation in to prot~in (48). Several inhibitors of 

protein synthesis also have been found to effect the synthesis 

of lipid-linked oligosaccharide. Inhibitors of Dol-P for­

mation, li~e compactin and 25-hydroxycholesterol inhibit. 

the synthesis of lipid-linked saccharides and in turn 

ptotein·glycosylC~;tion (49,50). 

· Microheterogenei t;r u 

Different molecules of the same glycoprotein may 
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differ in the size and composition of their carbohydrate 

units, a phenomenon known as microheterogeneity (51). 

Individual glycosylation sites tend to have characteristic 

oligosaccharides, and when microheterogeneity is encountered 

it usually consists of a family of closely related oligosaccha­

rides which may differ from oligosaccharides at another site 

on the same protein. The single carbohydrate unit of 

ovalbumin is not identical in all molecules of a single 

preparation (52). Although microheterogeneity has apparently 

not been demonstrated on a single preparation of ribonu-

clease B, the glyqoprotein isolated in different laboratories 

by different procedures has been reported to have variable 

ratio of Man to GlcNAc (53). 

Microheterogeneity is believed to be an outcome 

of the mechanism of biosynthesis of the carbohydrate units (3),· 

which are secondary gene products and are attached to the 

nascent polypeptide chain by a co-post translational 

modification. It is evident from the preceeding discussion 

that a key factor in determining the synthesis of a 

particular N-linked oligosaccharide is the level of expression 

of the various glycosyltransferases. Difference in the 

relative activity of these enzymes among species and tissues 

can account for many of the variations in oligosaccharide 

structure that occur. Further, the substrate specificities 

the transferases determine the structural identity of the 
,~t1:;i:. l} 

oligosaccharide sequence. This process is a non-template 

mechanism of information transfer and is, therefore, subjected 

to higher incidence of error than a template mechanism. This 
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fact is believed to be one of the factors responsible for 

the microheterogeneity of glycoproteins. Thus the micro­

heterogeneities found in many glycoproteins represent 

oligosaccharides in varying stages of completion, or resulting 

from transglucosylations that do not have absolute speci­

ficity (54). The chain terminating mechanism may also 

play a role in the phenomenon of heterogeneity; however, we 

have no knowledge of this mechanism. As a result of micro-

heterogeneity it is often very difficult to establish the 

structure of carbohydrate moieties of glycoproteins. 

Immobilized lectins have facilitated the·isolation and 

purification of such glycoproteins and helped in coping 

with the problem of microheterogeneity. 

The degradation of glycoproteins maybe initiated by 

the action of either proteolytic enzymes or glycosidases in 

the lysosomes. The lysosomal concept was initiated when de 

Duve et al noted that several acid hydrolases were concentrated 

in a particulate fraction from rat liver, sedimenting between 

the mitochondria and microsomes (55). These hydrolases 

display latency if the particles are properly isolated. 

Integrity of the membrane shield surrounding the particle 

is essential for latency of the enzyme. An injury to the 

membrane by known abnormal situations could liberate the 

contained enzymes and lead to the digestion of the cell 

itself (56). 

Lysosomes, unlike the other ~ntracellular organells 
·• 

cannot be identified by the usual morphological criteria of 
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size, shape and internal structure, because of the great 

diversity of these properties. Primary lysosomes are 

granules of acid hydrolases, newly synthesized by the cell 

and they have not yet been active in molecular degradation. 

Their proteins are ~ynthesized by ribosomes attached to 

rough endoplasmic reticulum and channelled to the smooth 

surfaced particles of this,system, and then to the Golgi 

apparatus appearing £inally'within small Golgi vesicle (57). 

Several types of lysosomes arose from a specialized region 

of smooth endoplasmic reticulum at the inner surface of 

Golgi stack namcad (GERL) (58). GERL appeared to form coated 

vesicles which may act as primary lysosomes., The subsequent 

fate of a primary lysosome is to fuse with a phagosome 

containing the material to be digested, thus forming a 

secondary lysosome, or with a secondary lysosome providing 

it with additional enzyme molecule, or exceptionally, with 

the cell membrane, discharging its enzyme in to the 

extracellular environment. 

Lysosomes can have hete.tophagic or autophagic function 

depending on whether the substrate· for intralysosomal 

digestion originates from outside or inside the cell 

respectively (59). In the heterophagi.c function exogeneous 

materials are/ engulfed by phagocytosis or pinocytosis, 

ending up with in a cytoplasmic vesicle surrounded by ~ 

membrane. Endocytotic vacuoles becomes digestive vacuoles 

when they receive lysosomal hydrolases. ~. This involves, 
• 

merging with either primary lysosomes or secondary lysosomes. 
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Jn the autophagic function of lysosomes,. a piece 

of cell's own cytoplasm becomes segregated by a membrane, 

which eventually surrounds it completely, and separates it 

from the rest of tht\ cell. These vacuoles contain mito­

chondria, en4oplasmic reticulum, rnicrobodies,_particulate 

glycogen and ,other cytoplasmic entities that show various 

degrees of disorganization. Having obtained its battery·. 

of; lysosom<?-1 hydroj.ases an autophagic vacuole becomes, a 

$econdary lysosome. 

A special kind of autophagy occurs in secretory· 

cells (60). It involves direct fusion of a lysosome with 

a secretory granule without preliminary seggregation and,.. 

leads to the intracellular breakdown of the secretion 

products. The term •crinophagy' has been suggested by 

de Duve for this pro<?ess to distinguish it from .autophagy.' 

I ' 

L-ysosomal enzymes may also be secreted by exocy-., 
' . 

tosis, and be active outside the cell in the degradation 

of some extracellular components (61). lt.is thought thC?.t 

this is an essential condition for the efficiency of the, 

hydrolytic process, because it allows the cell to create 

a microenvironment suitable for digesti9n. Lysosomes are 

equipped with ATP-driven proton pump which maintains the 
i 

lysosomal acid! ty. Some progress has been made in the .-

characterization of. this system (62). The lysosomotropiQ:':: '. 

agents, better named acidotropic agents haye found to r!lise 

intralysosomal pH and impairs the delivery of enzymes -
• 

to lysosomes (63). 

. L 
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The final products of intralysosomal ~igestion, if ' 

sufficien-t;ly.small diffuse or transported across the lyso­

somal membrane to enter cellular metabolism. The non­

digest~ble products that are unable to pass through the 

lysosomal membrane will acc~ulate in lysosomes causing 

pathological overloading of these organella. Most of the 

cells,· appear unable to discharge.the residue of, their 

lysosomal digestion. Their lysosomes are recycled througn 

numerous consecutive digestive events, and in the process 

bepome laiden with increasing amount of residue~. This 

phenomencm is accelerated in various storage dise~ses 

characterized by the congenital lack of one or more of the 

lysosomal hydro lases.' 

Man-6-P was disc011ered as the recognition marker in 

/the uptake of lysosomal enzymes (64). The functions of 

phosphorylated.recognition.marker depends on ,their inter­

action with Man-6-P receptors. Two types of Man ... 6-P 

receptors are known. (a) cation independent rece'ptor (MPR) 

and (b) cation 9,ependent receptor (65). The binding to 

receptor followed by selective packaging into vesicles, 

separates the newly synthesized enzymes from other products. 

Receptor-ligand complex dissociates below pH 5.7. In vivo 

the same mechanism appears to be utilized for dissociatioa 

of receptor~ligand complexes (66). CURL (compartment for 

uncoupling receptor and ligand) is a likely candidate.as 

the site where receptors are physically separated from 
• 

lysosomal enzymes~ The route of transport of ly-sosomal enzyme .. 
from CURL to lysosomes is. not known. It may involve packaging 
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into specific vesicles in the CURL, which fuse with 

existing lysosomes. A more likely possibility is gradual 

transition of CURL elements to lysosomes (67). Man-6-P 

independent mechanism also contributes to targetting lyso­

somal enzymes in normal tissues (68). 

Lysosomes effect the digestion of biological material 

through the large collection of hydrolytic enzymes acting 

on most of the bonds found in proteins, nucleic acids, 

lipids, oligosaccharides and polysaccharides. Lysosomes have 

been shown to be capable of digesting proteins extensively 

both in vivo and in vitro through the synergistic action 

of a series of endo- and exopeptidases that release peptides 

and free amino acids. The cathepsins are important among 

the peptidases of lysosomes. Cathepsin A is a carboxy­

peptidase, and its action is slowed down by the presence of 

carboxy-terminal basic amino acids (69). ·Cathepsin B 

is found to be an endopeptidase of broad substrate specifi­

city (70). Cathepsin Cor dipeptidylaminopeptidase I 

attacks polypeptide chains at the amino terminal to sequen­

tially remove one terminal dipeptide after the other (71). 

Cathepsin D is the major acid protease of animal tissues 

with a specificity similar to that of pepsin (72). The 

cathepsins are involved in the extensive hydrolysis of 

proteins at an acid pH including the peptide moiety of 

glycoproteins (73). A complete hydrolysis of nucleic f!Cids 

to free pyrimidine and purine nucleosides and inorganic 

phosphate was achieved by several lysosomal enzymes. 
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A lipase acting on fatty esters of glycerol is 

present in the lysosomes (74). Lysosomes contain phospho­

lipase Al, which splits the acyl ester bond at C-1 of the 

phosphoglyceride, and phospholipase A2, active on the ester 

bond that involve c-2 (75). 

An acid sphingomyelinase was found in brain and it 

hydrolyses sphingomyelin into ceramide and phosphoryl 

choline was appeared to be restricted to lysosomes (76,77). 

Lysosomes from brain was also shown to contain ceramidase 

which hydrolyze the acyl bond in ceramide (78). Enzymes 

capable of releasing free hexose from galactocerebroside or 

from glucocerebroside have been located in the lysosomes (79). 

Lysosomal arylsulfatases are involved in the desulfation 

of sulfatids. 

Gangliosides contain more complex oligosaccharides. 

The digestion of gangliosides requires the sequential action 

of neuraminidase, /3 -galactosidase, N-acetyl- 13-hexosaminidase, 

B-cerebroside-~-glucosidase and ceramidase. All these 

enzymes have optimal activity at acid pH. Neuraminidase 

releases sialic acid from di-and trisialogangliosides but 

not from monosialoganglioside (GM1) and from Tay-sachs 

ganglioside (GM2) (80). Four distrinct !3-galactosidases are 
. 

active in the degradation of glycolipids: Galactocerebroside 

-{3-galactosidase, monosialoganglioside-13-galactosidase, 

lactosyl ceramide-B-galactosidase and digalactosyl glutosyl 

ceramide ... a:-galactosidase. A crude preparation of./3-galacto­

sidase from rat brain, hydrolyzed Gal from the terminal 
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position of GM1 ganglioside and GA1 ganglioside, the two 

glycolipids that accumulate in GM1 gangliosidosis (81). 

Dawson and Stein (82) have shown the deficiency of lactosyl 

ceramide-!3-galactosidase, the enzyme that releases the 

terminal Gal from lactosyl ceramide in a congenital disease 

with the accumulation of lactosyl ceramide. The enzyme that 

is deficient in Fabry's disease was identified as «-galacto­

sidase. Table.l gives a collection of various inborn 

lysosomal disorders. Two different form of N-acetyl-B­

hexosaminidases are involved in the hydrolytic degradation 

of gangliosides and that of globoside. 

Majority of the enzymes that hydrolyze glycosyl 

bonds in mammalian tissues are located in lysosomes and 

they form the single largest group of enzymes in these 

organella. Glycosidases are implicated in the digestion of 

oligosaccharides and carbohydrate chains of !flUCopolysaccha­

rides, glycolipids and glycoproteins. Glycosidases are of 

two types (1) endoglycosidases which act within the main 

chain and (2) exoglycosidases which mediates stepwise attack 

at the non-reducing end groups of the polymorphic carbo­

hydrate structures. Many of these hydrolases have been 

assayed on synthetic substrates and that their action on 

natural substrates are often less well known. 

Several disaccharides, cellobiose, gentibiose, turanose 

and trehalose, which all resisted digestion by macrophdge 

lysates caused the vacuolization of the lysosomal ,system, 

where as maltose, isomaltose, melibiose and lactose, which 



could be hydrdlyzEki by the macrophage.C(-glucosi~ase or 

a-galactosidase did not. Thus, it appears that some 

disaccharldes are digested ·.in vivo in lysosOin~s forqtiag. 

monosaccharide products that can diffuse freely out of 

these organella • Liver lysosomes also contaiq an c("-gluco• "'· ' 
! ' . • . 

. sidase that· is able to hydrolyze the «1~4 glycosidic 1. 

linkages of maltose and glycogen (83), ·This enzyme is 

deficient in type J;I glycogenosisr(Pomp•s .disease) an 

" inborn error of metabolism characterized by the accumul?tion 

of c;;Jlycogen in lysosomal vacuoles (84). 
;e. 

In the digestion of proteoglycans l)ydrolysis of 

protein core·may be as important as that of carbohyd:r:;ate 

chains. An acid hyaluronidase with opt.imal·acti~ity arou1,1d 

pH ,6.0-has been demonstrated in various ti~sues (85),: and. 

found to be associated with lysosomes (86). In vitro 
' ~ 

purifiedlysosomal ftyaluronidase·acts 9n both chondr;oitin 
" . "' ~ ' I 

4-aJld 6-sulfate although less rapidly than on hyaluronic 

acid (87). It was shown that hyaluronate was first degraded 
' . ' / 

by the endohexosaminidase action of hyaluronidase to 

oligosaccharides which are 'then attacked by two exoglyco­

. sidases, f3•9lucuronidase and N-acetylo...(3-g~ucosaminidase, 
I· 

both of lysosomal ord.gin (88). The'hydrolysis of keratan 

sulfate, proceeds through a. pathway. 'similar i?O that of 

hyaluronate degradation but involvip,g .the action' of specific 

sul:fatase f<;>und in lysosome~ (89) ~ as well as that o.f •. 

B-galactosidase, .a lysosomal· enzyme which,' is defi<?ient in . 

GM1-gapgliosidosis, in which tissues accumulate a glyco-. 
/ 

.samiqoglycan identical to keratan sulfate. > . 
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Complete degradation of glycoprotein with in cells 

requires as many glycosidases as there are distinct glyco­

sidic bonds in the molecule, an unknown number of proteolytic 

enzymes and a specific enzyme cleaving the carbohydrate to 

protein linkage. Lysosomes contain enzymes acting on practi­

cally every glycosidic linkage found in glycoproteins. 

Carbohydrate portion of glycoproteins split off sequentially 

from the non-reducing end by exoglycosidases present in 

lysosomes, and the absence of a particular exoglycosdase 

prevents the action of enzyme next in line. Schemes for the 

catabolism of complex N-glycosidic chains are given in 
. 

Figure.4. The digestive activity of highly purified lysosornes 

at an acid pH on several glycoproteins has been studied in 

vitro by Aronson and de Duve (90). With orosomucoid or 

fetuin as substrate, both containing oligosaccharide chains 

with the sequence NeuNAc~2~3GalP1~4GlcNAc linked to the 

core, peptide cleavage started rapidly up to the splitting 

of about SO% peptide bonds, before the attack on the oligo-

saccharide chains. 

The first step in the degradation of the carbohy-

drate chains of glycoproteins involved the removal of 

terminal sialic acid by a lysosomal neuraminidase. Ganglio-

sides were also hydrolyzed by the lysosomal neuraminidase. 

Apart from general catabolism of glycoproteins, tissue 

neuraminidases might conceivably function in the control· 

of the biological activity and life of glycoproteins (91,92). ,. 
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-After the complete removal sialic acid, ~-galacto­

sidase acts to release Gal from the oligosaccharides of 

glycoproteins. The acid 8-galactosidases ~e optimally 

active in the pH range 4.0-4.5, is believed to be of 

lysosomal orig~n. The hydrolysis of terminal Gal residues 

,from GM1 ganglioside is stimulated by an activator protein (93) •. 

The absence or reduced catalytic activity of 8-galactosidase 

has been associated with an inherited metabolic disorder 

GM1 gangliosidosis (94). The acid ~-galactosidase appear. 

to be under common genetic control, distinct from that of 

neutral a-galactosidase, which is ·found with ~ normal range 

of activities in GM1 gangliosidosis patients (95). In 

humans, acid a-galactosidase activity exists as low and high 

molecular weight forms (96). Both forms were thermolabile 

and stimulated by Cl- ions. A common subunit for the low 

and high molecular weight form was described (97). Two 

forms of the enzyme was shown to be immunologically 

identical (98) • 

N-Acetyl-B-hexosaminidase hydrolyzes terminal 

GlcNAc from the oligosaccharide chains of glycoproteins. 

Lysosomal N-acetyl-~-hexosaminidase hydrolyzed the 

13-glycosidic linkage of both N-acetyl.glucosaminides and 

N-acetylgalactosarninides (99). Two isoenzymes of N-acetyl­

tJ-hexosamiriidase has been demonstrated in human tissues (100). 

• 
The·two forms of the enzyme shows similar catalytic 

activities. Form B is not inactivated at 500c for 4h, 

whereas form A is heat sensitive enzyme and is comp\etely 
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inactivated under these conditions. Both forms of the 

enzyme share a common subunit. Deficiency of N-acetyl-

8-hexosaminidase A was found in Tay-sachs disease. Mammalian 

N-acetyl-8-hexosaminidase has been shown to release 

terminal GlcNAc from hyaluronic acid or chondroitin-4-

sulfate. 

Alpha-linked Man residues in the oligosaccharide 

chains were hydrolyzed by a lysosomal ~-mannosidase and 

the enzyme was found to be deficient inoc-mannosidosis, an 

inborn error of metabolism where Man rich glycoproteins are 

found to accumulate in tissues. zn2+ was found to be 

essential for the enzyme activity (101). Thee-linked Man 

residue present in the core region of Asn-linked oligosa­

ccharides is hydrolyzed by a lysosomal r3 -mannosidase (102). 

L-Fucose a frequent constituent of glycoproteins is 

released by the action of a lysosomal oe-L-fucosidase. It 

was found to be deficient in an inborn error of metabolism, 

fucosidosis, in which Fuc containing glycoproteins and 

glycolipids accumulate in tissues. 

carbohydrate-peptide linkages found in glyco­

proteins were hydrolyzed through the action of lysosomal 

enzymes. A lysosomal N-acetyl-~galactosaminidase has 

been found to hydrolyze the a-glycosidic linkage between 

GalNAc and Ser (102). Beta-Aspartylacetylglucosaminidase 

that split GlcNAc-Asn linkage has also been demonstrated 

in the lysosomes of rat liver and kidney (103). This 

activity required both ~-amino and carboxyl groups of the 
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carbohydrate linked Asn, which could not be substituted. 

But the carbohydrate could be either GlcNAc or an oligo­

saccharide with GlcNAc at the reducing end (104). The 

glucosylgalactose units that are bound to the Hyl of 

collagen by a e-o-glycosidic bond may be degraded by the 

sequential actions of lysosomal ~-glucosidase and e-galacto-

sidase (105). 

ANIMAL LECTINS. 

Lectins are a group of di-or polyvalent carbohy­

drate binding proteins of non-immune origin, grouped 

together because they all agglutinate erythrocytes. 

Saccharide specificity of individual lectins reveals a 

wide range of variation with respect to configurations and 

substitution patterns at different carbon atoms of the 

monosaccharide. Lectin-carbohydrate interaction is used 

as a tool in various biochemical and clinical studies (108). 

Vertebrate lectins can be subdivided on the basis 

of whether or not they are integrated into membranesz 

(a} integral membrane lectins that require detergents for 

their extraction and calcium ion for saccharide-binding 

activity and (b) soluble lectins (109,110). This subdivision 

probably reflects a fundamental difference in the general 

functions of these classes. The first group consists of 

lectins that differ in their saccharide specificities and 

physicochemical properties (111). Among the best charac~erized 

lectins of this class are the Gal and Man/GlcNAc specific ,. 

receptors of mammalian and avian hepatocytes respectively 

(112,113) and the receptor for Man-6-P present in a variety 
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of cells (68). Recently, an endogenous lectin specific for 

thiodigalactoside and GalNAc has been isolated from micro­

somal fractions of baby hamster kidney cells (114), and a 

Gal specific ~ectin has been purified from extracts of 

metastatic a 16 melanoma cells (115). 

The first purified soluble vertebrate lectin was 

the a-galactoside-specific lectin from the electric organ 

of the eel Electrophorus electricus by Te.ichberg et al (116). 

Subsequently, many lectins with the same specificity were 

also found in many tissues of animals and in embryos at 

the very early stages of their development (109). Isolectins 

were also found (117). Most of the soluble lectins isolated 

from vertebrate tissues bind 8-galactosides. The soluble 

13-galactoside-specific lectins are of similar molecular 

size, each consisting of two subunits of Mr.=13,500-16,000 

(109). They exhibit immunological cross reactivity, which 

can be correlated to the phylogenetic distance separating 

the species from which the lectins are derived (118). All 

soluble a-galactoside-specific lectins require a reducing 

agent to maintain their carbohydrate binding activity. 

Significant sequence homology was demonstrated between the 

soluble 1.3-galactoside-binding lectins from different 

vertebrate species (119). 

Vertebrates also contain anotner group of soluble 

13-galactoside-binding proteins that have been isolated 'as 

monomers (Mr.=13, 000-14, 000). The monomeric lacto,se­

binding protein from chicken (designated as chicken lactose 
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lectin-II) has been well characterized (120). It differs 

from the dimeric chicken lactose lectin-! in subunit 

molecular weight, isoelectric point and peptide map as 

well as immunologically. Since, chicken lactose lectin-XI 

· ilgglutinates erythrocytes, it must either have two carbo­

hydrate binding sites per monomer or form dimers or oligo­

mars when interacting with cells. A IJlOnomerio (3-galactoside­

binding lect~n isolated from rabbit bone marrow has been 

named erythroid developmental agglutinin (121). 

Not all soluble vertebrate lectins are a -galactoside 

specific. Those from the serum of tbe eel Anguilla 

rostrata are specific for L-Fuc and consists of 12 sub­

units (122). A soluble lectin from Xenopus laevis oocytes. 

and eJ.l!bryos a1:so co11tain 12 subunits and specific for both · 

oe-and 13-galactosides <··123). 

Biological role of lectins. 

'Integral membrane lectins are thought to mediate 

the binding of soluble extracellular and intracellular 

glycoproteins as well as cells. The classical example is 

the lectin of mammalian liver that binds Gal and is 

believed to function as a cell s.urface ·receptor for circulating 

asialoglycopr~teins. The Man/GlcNAc specific lectins 

· of avian hepatocytes binds to asialo-agalacto gl¥co_proteins 

(113). Another example is -the pinocy;tosis _of glycoprotein& 
i ' (t. 

with terminal non•reducing Man/GlcNAc residues by ~ac~ophages# 

mediated by a..macrciphage surface lectin specific for these 

sugars ~(12'4) •.. The Man-6-P-specific lectin mediates the 
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targetting of ,hydrolytic enzymes to lysosomes1. Galactose-
\ 

specific lectins present on various human and murine tumors 

were suggested to influence the pathogenesis of cancer meta• 

stasis by"promoting the format~on of tumor cell aggregates 

in the circulation and their adhesion to the endothelial 

layer of capillaries (125,126). 

Soluble vertebrate lectins appears to be secreted. 

In some cases there is a shift from an intracellular to 

an extracellular location with differentiation. For example, 

chicken lactose lectin-I, which is concentrated intra• 

cellularly in developing muscle becomes extracellular with 

maturation (127) • Like wise a r·at 13-galactoside-binding 

lectin in lung is concentrated in elastic fibers (128). 

There is also evidence that chicken heparin lec.tin is 

secreted by muscle cells differentiating in tissue culture. 

Lectin secretion into extracellular matrix suggests that 

it may function by interacting with extracellular glycocon­

jugates; it is. likely that such binding occurs in nature 

and is biologically significant. 

Since vertebrate lectins are ontogenetically regulated, 
• evidence for a possible mechanistic role of lectins in the 

development of vertebrat.e tissue has evolved. The striking 

increase in chicken muscle lectin correlates temporarily 

with fusion of these cells to form polynucleated myotubes, 
• 

indicating that the lectin plays a role in this process. 

Thiodigalactoside a potent inhibitor of the lectin blocks 

the fusion of cultured myoblasts (129). 

. 
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To determine the functions of lectins it is necessary 

to isolate the tissue glycoconjugates which they normally 

bind. The natural ligands are abundant in tissues rich 

in the lectin and also localized in the same compartment. 

The endogenous receptor of,t.he (;)-galactoside-binding lectin 

from chick embryo skin may have a polylactosaminoglycan 

structure (130), which has recently been suggested to be a 

differentiation marker in developmental tissues (131). 

The significant sequence homology demonstrated between the 

~-galactoside-specific lectins from phylogenetically distant 

vertebrate species, is likely to reflect an important 

physiological role for these lectins in ontogenic events 

and differentiation steps (119). Human placenta lectin 

stimulates the production of tumor killing factor by 

murine macrophages and human monocytes (132). These results 

suggest the possible involvement of this family of lectins 

in the immune system. 

• • • 



AIMS AND OBJECTIVES 



33 

Mammalian 8-galactosidase (EC 3.2.1.23) exists in· 

multiple forms and kinetic studies with synthetic and 

natural substrates have been reported in purified pre-

parations (133-137). The acidic form is believed to be 

of lysosomal origin (138). The wide-spread occurrence and 

broad substrate specificity of the acid e-galactosidas~ in 

mammalian organs is probably related to the multiple 

physiological functions of the enzyme. Occurrence of an 

inborn error of metabolism, GM1 gangliosidosis (139)and 

its clinical variants, characterized by the accumulation 

of gangliosides and glycosaminoglycans due to the deficiency 

of acid 13-galactosidase had increased the interest in this 

field. 

There are few reports in the literature on the 

structural studies of lysosomal enzymes. Detailed 

structural study of this enzyme would help in understanding 

its structure-function relationship. Evaluation of the 

oligosaccharide structure will add·information towards 

the role of glycosylation in glycoproteins. 

The presence of 13-galactoside-binding lectins in 

the human placental tissue is an important observation. 

The structural comparison of the binding sites of the 

enzyme and the lectin acting on ~-galactoside deserves 

attention. The exact biological function of lectins are 

not clearly known. Much effort has been invested in search • 

of applications of lectins. As a result, lectins have 

become invaluable tool in biologtcal and medical research in 
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diverse fields. They continue to be the focus of intense 

interest in their own right. Recently, it was suggested 

galactoside-binding lectin is involved in the 

immune system (225). To gain an insight into the physiological 

function and relationship with other B-galactoside-bindi9g 

lectins a detailed study has been undertaken. 

The objective of the present study is to undertake 

structural studies on human placental acid /3 -galactosidase 

and ~-galactoside-binding protein in the following directions: 

(a) Modification of specific amino acid to obtain an insight 

into the residues involved at the active site, (b) elucidation 

of structural features of oligosaccharide chains by lectin­

Sepharose affinity chromatography and their effect on the 

activity, (c) inhibition by various saccharides, (d) N-terminal 

amino acid sequence determination, (e) binding characteristic& 

of the lectin with fluorescence and isotope-labeled saccharide 

derivatives and (f) immunological studies of the enzyme and 

lectin. 

e "• 



CHAPTER - II 

MATERIALS AND GENERAL METHODS 
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MATERIALS 

Galactopyranosylamine, thiodigalactoside, galacto­

samine, dulcitol, melibiose, raffinose, stachyose, 1-0-methyl­

«-ande-D-galactopyranoside, galactose, p-aminophenyl 

thiodigalactoside, N-acetylglucosamine, arabinogalactan, 

p-nitrophenol, p-nitrophenyl derivatives of oc:-and 13-

-D-galactopyranoside, trinitrobenzene sulphonic acid, 

p-hydroxymercuribenzoate, dithionitrobenzoic acid, fetuin, 

N-ethylmaleimide, N-acetylimidazole, N-bromosuccinimide, 

bovine serum albumin, ovalbumin, soybean trypsin inhibitor, 

acrylamide, ~•-methylene-bis-acrylamide, N,N,N',N',­

tetr~nethylenediamine, Coomassie brilliant blue G, 

dansylchloride, dansyl derivatives of amino acids, galact~se 

oxidase, horse radish peroxidase, trifluoroacetic acid, 

2-mercaptoethanol, 4-methylumbelliferyl-13-D-galactopyranoside 

and lysostaphin were purchased from Sigma Chemical co. 

St. Louis, u.s.A. Phenylisothiocyanate, 2-hydroxy-5-

nitrobenzyl bromide, 2-methoxy-5-nitrobenzyl bromide, diethyl­

pyrocarbonate and 1,2-cyclohexanedione were obtained from 

Fluka, Buchs, Switzerland. Sephadex, Sepharose and blue 

dextran 2000 were products of Pharmacia Fine Chemicals, 

Uppsala, Sweden. The molecular weight marker proteins and 

Coomassie brilliant blue R-250 were purchased from Pierce 

Chemical co. Roc~ord, u.s.A. Biogel P-60 and P-100 were 

obtained from Biorad Laboratories, Richmond, U.S.A. 1-0~methyl­

~-D-mannopyranoside, 1-0-methyl-oc-D-glucopyranoside, N-ethyl-
. " 

morpholine were the products of Koch-Light Laboratories Ltd., 
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Colnbrook, England. SDS is a product of BDH chemicals, 

Ltd., England.Dowex 50x8 and dowex 1x4 were purchased from 

Serva Feinbiochemica, Hidelberg, Germany. Galacto-1-deoxyno­

jirimycin was a generous gift from Prof. Legler of .university 

of Cologne. Low and high methylated polymer of galacturonic 

acid was a gift from Dr. Richard Joseph, Central Food 

Technological Research Institute, Mysore. NaB3H4 was from 

Amersham International plc. England. All other reagents 

were of analytical grades and obtained from local sources. 

METHODS 

The protein concentratiqn was estimated according 

to the method of Lowry et al (140) with crystalline bovine 

serum albumin as standard and/or Bradford's protein assay (141) 

with crystalline ovalbumin as standard. 

The total carbohydrate content was estimated by phenol 

sulphuric acid method of Dubois et al. (142) with Gal as 

standard. 

Preparation of affinity matrices 

Concanavalin A was isolated from canavalia gladiata 

according to the method of Surolia et al (143). It was 

coupled to Sepharose 4B by the proceedure of Axen et al (144). 

50ml of thoroughly washed Sepharose 4B was suspended in 50ml 

of water and lOOml of 2M sodium carbonate. The temperature 
0 • 

of the slurry was maintained at 10 C and 1.5gm of cyanogen 

bromide dissolved in dimethylformamide was added to'"the gel 

suspension with stirring. After 5 min the activated resin 
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was filtered through a sintered glass filter and washed 

thoroughly with 0.1M sodium bicarbonate buffer, pH 8.5. The 

gel was transferred to Con A solution (500mg Con A dissolved 

in 50ml O.lM sodium bicarbonate, pH 8.5) and stirre~ slowly 

at 4 °c for 18 hr. The unreacted active groups were blocked 

by mixing for 1 hr with O.Sml ethanolamine. The.gel was 

washed successively with O.lM sodium bicarbonate, pH 8.5, 

O.lM sodium chloride, distilled water, 0.02M Tria-HCl, pH 7.4 

containing lmm Mg2+, ca2+, Mn2+ and finally with o.02M 

Tris-HCl, pH 7.4. 

Wheat germ agglutinin was purified from wheat germ 

on chitin column according to Bloch and Burger (145). Castor 

bean (Ricinus cummunis) was the source of RCA and was purified 

by affinity chromatography on cross-linked guar gum according 

to Appukuttan et al (146). Jack seed agglutinin was purified 

from Jack fruit seeds (Artocarpus integrifolia) according to 

the method reported from this laboratory (147). Winged 

bean agglutinin was purified from Psophocarpus tetragonolobus 

on sepharose-6-aminocaproyl-D-galactosamine column according 

to Appukuttan and Basu (148). 

Asialofetuin-sepharose 4B was prepared according to 

deWaard et al (149). 200mg of fetuin type III was desiali­

lated in 0.1N H2so4 at 80°C for 1 hr. The desialylated· 

protein was dialyzed against 0.2M sodium bicarbonate with 

3 changes at 4°C for 18 hr. It was coupled to 20ml of 

packed activated Sepharose 4B according to cuatrecasas (150). 
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Protein A was extracted from Staphylococcus aureus 

(Cowan strain I) by digestion with lysostaphin. It was 

purified by affinity chromatography on Immunoglobulin­

Sepharose 4B coloumn according to Hjelm et al (151). The 

purified protein A was immobilised to Sepharose 4B by 

cyanogen bromide method as mentioned earlier. 

Purification of B-galactosidase A and B 

Two forms of acid 8-galactosidase were separated 

and purified to homogeneity from human placenta by the 

method of sarasija and Basu (152), using a four step procedure 

involving: (1} Con A-sepharo~e 4B affinity chromatography, 

(2} gel filtration on Sephadex G-200, (3) ion exchange 

chromatography on DEAE-5ephadex A-50 and (4} affinity 

chromatography, on mercurial-Sepharose CL-4B. The yd.eld 

of the enzyme was low. The method was modified by inducting 

a second Con A-Sepharose affinity chromatography, after 

DEAE-Sephadex A-50 chromatography. Normal human full 

term placental tissues were collected from Trivandrum 

Medical College on ice. The tissue freed from cords and 

adhering tissue material was thoroughly washed in cold 

distilled water and kept frozen at -20°C until use. The 

trophoblasts were separated from fresh tissues and kept 

overnight at o0c. All preparations were carried out at 

0-4°c unless otherwise mentioned. 

Frozen placental tissue (500g) was homogenized 

with 2.5 1 of o.02M phosphate buffer, pH 7.0 containing 

0.1M NaCl in a SORVAL Omnimixer for 3 min at full speed. 
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20 1 000g for 20 min in SORVAL RC-SB. The residue was 

discarded. 

Solid ammonium sulphate (400gto/l) was added to the 

supernatant with constant stirring and pH was maintained 

at 7.0 with dilute NH40H. The suspension was stirred for 

30 min and centrifuged as before. The pellet was dissolved 

in minimum volume of O.OSM phosphate buffer, pH 7.0 

containing O.SM Nacl. The solution was dialyzed against 

20 volumes of the same buffer with two changes for 16 hr. 

The dialyzed enzyme was centrifuged and passed through 

Con A-sepharose 4B column {2.Sxl5cm). The column was washed 

with O.OSM phosphate buffer, pH 7.0 containing O.SM NaCl 

at 25°C until the effluent had an absorbance of less than 

o.os at 280 nm. The enzyme was eluted at 25°C with the same 

buffer containing o.SM oC-methyl-D-glucopyranoside and lOml 

fractions were collected. Active fractions were pooled and 

dialyzed against 0.02M phosphate buffer, pH 7.0 with 3 changes. 

The dialyzed solution was lyophilized. The residue was 

dissolved in minimum volume of o.02M phosphate buffer, 

pH 7,.,0 containing o.lM NaCl and dialyzed against the same 

buffer with 3 changes for 16 hr. 

The dialyzed enzyme (Sml) was passed through a 

Sephadex G-200 column (2x78cm; Vo-104ml). The colwnn was 

equilibrated and eluted with o.02M phosphate buffer, 

pH 7.0, containing O.lM NaCl at a flow rate of 12ml/hr. 

After collecting 80ml in bulk, 3 ml fractions were collected. 

The enzyme activity was found to be separated into two peaks. 
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The first peak, which appeared just after the void volume 

was 1.3-galactosidase A and the second peak at inner volume 

of the column as a-galactosidase a. 

Beta-galactosidase A and a-forms were dialyzed for 

12 hr with 3 changes against 0.02M phosphate buffer pH 6.0, 

and applied to DEAE-sephadex A-50 columns (1.8x10cm) 

equilibrated with the same buffer. The columns were washed 

with lOOml of the same buffer, followed by lOOml of the 

same buffer containing O.lM Nacl. The enzyme was eluted 

with 0.2SM Nacl in the equilibrating buffer. 

The pooled active fractions of both A and B forms 

were adsorbed to second Con A-sepharose column (1.8x7cm) 

after increasing the NaCl concentration to 0 .SM. The column 

was washed with o.OSM phosphate buffer, pH 7.0 containing 

O.SM NaCl until the ~£fluent had an A280 below O.OS. The 

enzyme was eluted at 25°C with the same buffer containing 

O.SM c<-methyl-D-glucopyranoside and Sml fractions were 

collected. Active fractions were pooled, dialyzed against 

0.02M phosphate buffer, pH 7.0, containing lOOmM NaCl with 

3 changes for 15 hr and concentrated by ultrafiltration 

through Amicon PM-10 membrane. 

Purification of ~-galactoside-binding protein 

Frozen placenta or trophoblasts were. used for the 

isolation of B-galactoside-binding protein. The buffer 

used for all the experiments was 20mm phosphate-150mM 

sodium chloride-4mM mercaptoethanol, pH 7.2 (phosphate 

buffered saline, PBS), unless otherwise mentioned. 
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Galactoside-binding protein was isolated according to 

Hirabayashi and Kasai (153) with modification. One hundred 

gram of tissue was homogenized with 500ml of PBS, pH 7.2 

in SORVAL omni mixer at 25% of its maximum speed for 2 min. 

The homogenate was centrifuged at 6000g for 20 min. The 

pellet was extracted twice with lOOml of PBS, pH 7.2 

containing lOOmM lactose for 30 min• After ea~h extraction 

the supernatEint was collected by centrifugation as above. 

The protein was precipitated with solid ammonium 

sulphate (56g/100ml) from the pooled lactose extract •. The 

precipitate obtained by centrifugation at 10,000gx20 min 

was dissolved in minimum volume of PBS. The lectin solution 

was dialyzed for 18 hr agaim t the same buffer. 

The dialyzed solution was passed through an 

asialofetuin-5epharose column (2x18cm). The column was 

equilibrated and washed with PBS, pH 7.2, until the.effluent 

had A 280 below 0.02. The galactoside-binding protein was 

eluted with the same buffer containing 20mM lactose and 

3ml fractions were collected. The hemagglutinating activities 

of the dialyzed fractions were assayed with trypsinized 

rabbit or human B+ve erythrocytes. The active fractions 

were pooled, dialyzed against PBS, pH 7.2 for 18 hr and 

concentrated by ultrafiltration through Amicon PM-10 

membrane. 

The purity of the proteins were examined by poly-

"' acrylamide disc gel electrophoresis at pH 4.3 in 13-alanine-

acetic acid buffer and at pH 8.3 in Tris-HCl buffer according 
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to Davis (154). 20-40pg prot;eins were used in each tube 

at 23°c. The protein was fixed on the gel by keeping in 

12.5% trichloroacetic acid for 1 hr. The gels were stained 

with coomassie brilliant blue R-250 and destained with 

methanol:acetic acid:water 1:1.5:17.5 (V/V). 

The molecular weight of the native protein was deter­

mined by gel filtration on Biogel P-100 according to 

Andrews (155). The column was (2x78cm) equilibrated with 

PBS, pH 7.2, containing 2.5mM mercaptoethanol at 25°c. 

2.5ml fractions were collected at a flow rate of 12ml/hr. 

The column was calibtrated with the standard proteins, 

cytrochome C (12,500), soybean trypsin inhibitor (21,500), 

jack seed agglutinin (40,000) and ovalbumin (45,000). 

The subunit molecular weight was determined by 

SDS-polyacrylamide gel electrophoresis according to 

Laemmli (156). Electrophoresis was carried out in small 

vertical slab gel unit {Hoefer Scientific Instruments, 

San Fransisco, California) on 1.5mm thick slab gel 

(10% W/V) at 15 rnA current at 23°c. The standard marker 

proteins used were jack seed agglutinin (10,000), aldolase 

(34, 500):, ovalbumin (45, 000) and bovine serum albumin 

(67,000). All the proteins were heated in boiling water 

bath for 3 min with 2% SDS and 10mM 2-mercaptoethanol, 

prior to application on the gel. Each well contained 
• 

5-10~ of protein. The protein was stained with Coomassie 

brilliant blue R-250 or by silver staining accordin~ to 

wray et al (157) and destained as described earlier. 
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Chemical modification of amino acids 

The amino groups were modified by treatment with 

trinitrobenzene sulphonate according to Fields (158). The 

protein in O.lM borate buffer, pH 8.5 was treated with 

10~1 of l.lM TNBS for 5 min. at 23°C. The reaction was 

stopped by adding 0.3ml of O.lM NaH2Po4 • 

The protein (112_pg) was citraconylated as described 

by Atassi and Habeeb (159), using 50fl reagent in water 

pH adjusted to 8.2. The pH was maintained at 8.2 during 

the addition of citraconic annydride using 5N NaOH and the 

reaction mixture was incubated at 23°C for 2 hr. 

Maley .tation was carried out as described by Butler et '•al 

(160). The protein (112~g) in 0.2M borate buffer, pH 9.0 

was treated with 100p1 maleic anhydride (3mg/ml) at 23°C 

for' 5 hr. 

Sulphydryl groups of the proteins were estimated 

and modified with DTNB according to Habeeb (161). The 

proteins in 0.08 M phosphate buffer, pH 8.0 were treated 
0 ' with o.02ml DTNB (4mg/ml) for 15 min at 23 c to modify the 

-SH group. 

Sulphydryl groups were also modified with pHMB and 

N-ethylmaleimide according to Riordan and Vallee(162). 

The proteins were incubated with pHMB (10-4M) or 

N-ethylmaleimide {10-3M) for 1 hr at 23°c. Modification of 

-SH group by iodoacetic acid (10-2M) was carried out at 
0 . @ 

23 c for 1 hr. The free -SH groups were estimated with 

DTNB by Ellman's method (163). 
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Histidine residues were modified by carbethoxylation 

with diethylpyrocarbonate according to Miles (164). The 

proteins in O.lM potassium phosphate buffer, pH 6.5 were 

incubated with 25pl of lOmM diethylpyrocarbonate in ethanol 

at 23°C for 1 hr. 

Arginine residues are specifically modified by 

the diketone phenylglyoxal hydrate by the method of 

Takashi (165). The reaction mixture prepared by mixing 

1% solution of phenylglyoxal hydrate dissolved in 0.02M 

N-ethylmorpholine-acetate buffer, pH a.o to equal volume 

of proteins dissolved in the same buffer. The reaction 

was carried out for 16 hr. at 23°C. 

Arginine residues were also modified by treating 

with 1,,2-cyclohexanedione according to Smith (166). The. 

enzyme proteins were treated with 15M excess of reagent 

in 0.2SM borate buffer, pH 8.0 at 37°C for 2 hr. The 

reaction mixture was dialyzed in 0.2M borate buffer, 

pH 7.0, since arginine regenerates slowly when borate is 

removed by dialysis. 

Tryptophan was modified with 2-hydroxy- and 

2-methoxy-5-nitrobenzyl bromide according to Horton and 

Koshland (167). 3mg of these benzyl halides in 50~1 

acetone were added to the enzyme proEeins in o.02M 

phosphate buffer, pH 7.0 and lectin in PBS, pH 7.2. 

2-Hydroxy-5-nitrobenzyl bromide was allowed to react for 

Smin, where as the less reactive 2-methoxy-Snitrobe~zyl 

bromide was treated for 16 hr at 23°c. Tryptophan was 
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Spande and Witkop (168). The enzyme proteins in 0.1 M­

formate-buffer, pH 4.1 was treated with 50~1 of 20 mM 

N-bromosuccinimide for 30 min at 23°C. 

The tryptophan residues were determi'ned by measuring 

the absorbance at 250nm and 280nm before and after oxidation 

to oxindole chromophore with a mixture of dimethylsulphoxide, 

concentrated HCl and glacial acetic acid as described by 

Savige and Fontana (169). 

Tyrosine residues were estimated and modified by 

acetylation with N-acetylimidazole as described by 

Riordan and Vallee (162). The proteins in 20mM sodiwn 

barbitone buffer, pH 7.5 was acetylated by treating with 

400mM excess N-acetylimidazole at 23°c for 1 hr. The 

number of 0-acetylated~ tyrosyl groups in the protein was 

calculated from the absorbance change at 278 nffi:li''after the 

addition of 1M NH 20H to a solution of the acetylated enzyme. 

The modified enzyme protein solutions were dialyzed 

in 20mM phosphate buffer, pH 7.0 containing lOOmM NaCl with 

3 changes for 8 hr before the assay of residual enzyme 

activity. Modified B-galactoside-binding protein was 

dialyzed with 3 changes against PBS, pH 7.2 for 8 hr prior 

·to hemagglutination assay. The same proteins without 

modifying reagent in the reaction mixture were used in all 

~edification assay systems as controls. 

Modification of oligosaccharide chains 

Periodic acid treatment was carried out according to 
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Spiro (170). Beta-galactoside-binding protein in O.lM 

acetate buffer, pH 5.0 was incubated with 10-3M sodium 

metaperiodate at 4°C in the dark for 16 hr. The reaction 

was stopped by the addition of ethylene glycol. The 

sample was dialyzed against PBS, pH 7.2 and hemagglutination 

activity was assayed. 

Oligosaccharide chains were also modified by a 

mixture of sodium metaperiodate and sodium cyanoboro-

hydride as describedby Thorpe et al. (171). 80rnM solution 

of NaCNBH3 in 0.2M sodium acetate, pH 3.5 was prepared and 

stored in ice for 1 hr. It was mixed with an equal volume 

of freshly prepared 40 rnM sodium periodate in the same 

buffer. The mixture was then added in equal volumes to 

the proteins in sodium acetate buffer, pH 3.5 and incubated 

on ice in the dark for various periods of time. One hundred 

rnicrolitres of 20% (V/V) glycerol was added to stop the 

reaction and the samples were dialyzed and assayed for 

residual enzyme or hemagglutination activity. 

N-terminal amino acid sequence analysis 

Separation of various DNS-amino acids were 

standardized using Lichrosorb RP 18 SJM (4x250rnrn) column 

connected to LKB HPLC system according ~o Marquez et al 

(172) with modification of the gradient system. The 

gradient was programmed between the solvents, A-0.6% 

acetic acid and 0 .008'/o triethylamine in water, B-methanol. 

DNS-amino acids were detected by its fluorescence in 

Shimadzu Spectrofluorophotometer RF-540. N-terminal 
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sequence of few aminoacids were performed using dansyl-

Edman degradation as described by Gray (174). 

Beta-galactosidases and B-galactoside-binding protein 

were dried under nitrogen at 40°c. The residues were 

dissolved in 200fl of water and 20~1 was taken for 

N-terminal amino acid determination. 200f-l of 5% (V/V) 

phenylisothiocyanate in pyridine was added to the remainder. 

The tube was flushed with nitrogen and incubated at 45°c 

for 1 hr. The react.ip,n/mi~turewas dried in vacuum desicator 

0 over NaOH pellets at 30 C. Trifluoroacetic acid (200fCl) 

was added and incubated for 30 min at 45.C and dried. 

The sample was dissolved in 200~1 water and extracted twice 

with N-butylacetate and the residue \'las dried as described 

earlier. The dried residue was dissolved in 200~1 water 

and 20p1 aliquot was removed for dansylation. The cycle 

was repeated. 

The aliquots removed at each cycle were adjusted 
>f1 

to pH 9.5 using 40 mM Li2ca3 , pH 9.5. 10JA1 of 2.5mg/ml 

dansyl, chloride in acetone was added and incubated at 

37°C for 1 hr. The reaction mixture was dried and trans-

£erred to a hydrolysis vial using 200p1 of 6N HCl. The 

vial was filled with nitrogen and sealed. The sample was 

hydrolyzed at 105°C for 18 hr. The hydrolysate was dried 

and dissolved in 50pl water and centrifuged at 15,600g 

for 1 min in Eppendorf cerntrifuge. 19Ml was injected +n 

to HPLC. 
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Preparation of antibody 

Control serum from rabbit was collected before 

immunization. 500~g ~-galactosidase A or 32gug ~-galacto­

side-binding protein in 1 ml was emulsified with 1 ml of 

Freund's complete adjuvant and injected intramuscularly 

at multiple sites. Three booster doses with antigens in 

Freund's incomplete adjuvant were given at 10 days interval. 

15 days after the last injection blood was collected from 

the marginal vein of the ear lobe and the serum was separated 

by certifugation, and stored frozen with azide. The antibody 

response was measured by Ouchterlony immunodiffusion 

technique. 

Immunodiffusion 

1% Agarose~·'ln PBS, pH 7.4 containing 0.1% sodium 

azide was used to prepare immunodiffusion plates. 10f'l 

antibody in the centre and test samples were added to be 

peripheral wells. The immunodi.ffusion plate was kept in 

0 moist atmosphere at 23 c. The precipitin bands were 

observed after 24 hr. 

The Class of immunoglobulins 

The antibody was purified by ammonium sulphate 

precipitation (50%) and dialyzed in PBS, pH 7.4. The 

antibody was applied on JSA-Sepharose column (0.5x4crn) 

at 4°C, equilibrated with PBS, pH 6.5. The column was 

washed with the same buffer and eluted \vith the buffer 
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containing O.lM Gal. Th~ breakthrough and washing were 

directly loaded on Protein A-Sepharose column (O.Sx4cm)~ 

equilibrated with O.lM phosphate buffer, pH 7.0. The 

column was washed with the same buffer and eluted with 

O.lM glycine-HCl, pH 3.0. The pH of the eluted fractions 

were immediately adjusted to 7.0 with 2M Tris. 

• • • 



l 
CHAPTER - III 

RESULTS AND DISCUSSION 

ll-GALACTOS IDASE OF HUMAN PLACENTA 
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INTRODUCTION 

Mammalian 13-galactosidase catalyzes the hydrolysis 

of terminal a-galactoside linkage of glycoconjugates. 

There are three types of enz:rnes in human liver capable 

of hydrolysing synthetic chr,Qmogenic derivatives of 

a-galactoside (174-176). The acid B-galactosidase which 

are optimally active in the pH range of 4.0-5.0, is believed 

to be of lysosomal origin. The peutral ~-galactosidase 

shows pH optimum close to 6.0. Little is known of the 

alkaline f3 -galactosidase, which appears to have relatively 

low activity with an optimum pH in the region of 8.5. 

Acid {.3-galactosidase hydrolyses GM1 ganglioside in the 

presence of an activator protein (137,93). The absence 

or reduced activity of the acid B-galactosidases has been 

associated with an inherited autosomal recessive metabolic 

disorder, GM1 gangliosidosis, in which Gal containing 

glycolipids and glycoproteins accumulate (139). At. 

present, the molecular basis for the variety of clinical 

phenotypes, ranging from generalized from to t.he adult 

form is not fully understood. 

The acid 13-galactosidase has been purified to apparent 

homogeneity from various animal and human tissues (177-182). 

In human liver and brain most of the enzyme activity occurs 

as two forms, Mr.==65,000-75,000 and 600,000-800,000 (134, 178). 

Both forms of the a-galactosidase were thermolabile, and 

stimulated by chloride ions (183). Recen~ly, in add~tion to 

the two forms, a dirneric form of acid a-galactosidase 
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(Mr.=l60,000-170,000) was reported to be present in purified 

preparations (95,184). Both of the low molecular weight 

forms can be generated.from the high molecular weight form 

of acid /3 -galactosidase (95) • The low molecular weight 

forms of acid /3-galactosidas'g' undergo pH or salt dependent 

aggregation (183). Mutoh et al reported the elution of 

human liver acid B-galactosidase from TSK G 4000 SW column 

as three symmetrical peaks, Hr.=r800,000, 140,000 and 

65,000 (184). The dimeric form was absent in a patient 

with adult form of GM 1 gangliosidosis and the mutant enzyme 

had altered enzyme properties. 

Metal ions did not have marked effect on the enzyme 

activity (185). The low molecular weight form of acid 

B-galactosidase showed single band on 80S-Polyacrylamide 

gel electrophoresis (134,95). The high molecular weight 

form showed additional protein bands (98). A common 

subunit was described for both high and low molecular 

weight forms of acid B-galactosidase (97,98). The high 

molecular weight component may consist of the low molecular 

weight forms bound to membrane fragments {95). 

Polyclonal antibody raised against the purified low 

molecular weight form of the enzyme cross-reacted with high 

molecular weight form but not with neutral P-galactosidase 

(134). Antiserum to the purified mousep-galactosidase 

cross reacted with (3-galactosidase activity from mouse 

brain, kidney and fibroblasts (179). The antibody raised 
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against defective forms of 13-galactosidase was found to 

inactivate normal enzyme (186). The antibody mediated 

inactivation may be attributed to the conformational change 

induced or stem from a steric blockage of catalytic sites 

of the enzyme by the inactivating antibody. 

Two forms of lysosomal acid ~-galactosidase from 

human placenta has been purified.from our laboratory (152). 

A-form had a molecular weight of 500,000, while that of 

B-form is 100,000. No significant difference was found in 

the enzyme properties of both A and B-forms. (-D-galacto­

nolactone was a competitive inhibitor of the enzyme. The 

enzyme~as found to be a glycoprotein containing 7.5% 

carbohydrate for A-form and 6% for B-form. Man, Gal, 

GlcNAc, GalNAc were identified as monosaccharide constituents. 

Sodium chloride stabilized and enhanced the enzyme activity 

of A and B-forms upto 0. H1 but was inhibitory above this 

concentration. The low molecular weight form undergoes pH 

dependent aggregation. The enzyme contained 10 moles of 

-SH groups per mole of A-form, while that of B-form was 

8 moles. The amino groups were indespensable for the 

biological activity of both A and B-forms. Periodic acid 

treatment of both forms of the enzyme resulted in complete 

loss of the enzyme activity. The present section describes 

further structural studies of human placental acid 

8-galactosidase. 
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The chemical modification is defined as a chemical 

reaction which results in the quantitative, covalent 

derivatization of the functional groups of a single unique 

amino acid residue in a protein without any demonstrable 

effect on either any other functional groups or the confor­

mation of the molecules (187). This is an ideal pursuit to 

analyze the relationship between structure .and function in 

a complex heteropolyrner. The specific chemical modification 

of amino acid residues in enzyme has provided considerable 

information regarding the participation of these residues 

at the active site. Another major use of chemical modification 

has been in the demonstration of the primary structure of 

proteins. Chemical modification is also used for the 

quantitation of various amino acid residues as well as deter­

mination of the conformational changes in proteins. There 

has also been considerable interest in the chemical modification 

of amino acid residues to introduce spectral probes into 

proteins. 

DTNB reacts with protein thiols by an exchange 

reaction to form mixed disulphide of the protein and 1 mole 

of 2-nitro-5-thiobenzoate per mole of protein -sH group (160). 

pHMB react with thiols to form mercaptides. Sulfhydryl 

groups of protein combine with NEM containing an activated 

double bond to form stable thiol either (162). Oxidation 

of proteins in acidic medium with carefully controlled 

amounts of NBS is usually restricted to modification"of 

Trp residues (168). The oxidation with DMSO/HCl/acetic 
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acid provides a usual procedure for the modification of 

Trp to oxyndolyl alanine in proteins (169). One of the 

most useful modification procedure for Trp in proteins 

involve the use of Koshland • s reagent 2-hydroxy-5-nH:robenzyl 

bromide and its various derivatives (167). N-acetylimidazole 

reacts with Tyr residues in proteins to form o-acyl 

derivative (162). The function of Arg residues in proteins 

stem from the work of Takahashi on the use of the diketone 

phenylglyoxal hydrate as a reagent for the specific 

modification of Arg (165). A selective modification of 

Arg residues in protein can also be achieved with 

1,2-cyclohexanedione in sodium borate buffer (166). 

Diethylpyrocarbonate reacts stoichiometrically with His 

residues in proteins to yield N-carbethoxyhistidyl 

derivative (164). 

Periodate oxidation is generally used for the 

structural studies of oligosaccharides in glycoproteins (170)~ 

Treatment with a mixture of sodium metaperiodate and 

sodium cyanoborohydride results in the oxidative cleavage 

of the oligosaccharides and the reduction of the aldehyde 

groups to primary alcohols. The reduction minimizes the 

schiff 1 s base formation between the aldehyde groups and 

amino groups in the protein and the nonspecific oxidation 

of amino aids (171). 

The oligosaccharide chains in glycoproteins influence 

many biological interactions. Lectins with different 

carbohydrate specificities has led to their extensive 
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utilizatj:,on as reagents for ·the study of simple and complex 

oligosaccharides. Lectins considered 'identical' in terms 

of monosaccharide specificity, possess the ability to 

recognize fine differences in more complex structures 

(188,189). The high resolving power of lectins permits 

rapid, sensitive and specific separation of closely related 

variants of glycoproteins that differ in their glycosylation 

pattern or glycopeptides and oligosaccharides with small 
l 

differences in their structure. 

Con A-Sepharose interacts with high affinity with 

N-linked oligosaccharides in which at least b~o outer 

Man residues are unsubstituted or are substituted only at 

position C-2 by another sugar. Thus, it can bind complex 

biantennary N-linked oligosaccharides, hybrid oligosacca­

rides and high mannose oligosaccharides (Fig.1). The 

lectin has very low affinity for tri- and tetraantennary 

complex N-linked oligosaccharides and most known 0-linked 

oligosaccharides (190). Krusius et al showed that complex 

biantennary glycopeptides can be eluted from Con A-

Sepharose by low concentration of hapten sugar, where as 

elution of the high mannose glycopeptides requires higher 

concentration of hapten (191). By differential elution 

with c(-methyl mannoside, these t-vm types of oligosacchar.ides 

can be separated from each other. Con A-Sepharose can 

also bind phosphorylated high mannose oligosaccharide'S 

found in lysosomal acid hydrolases (192) Bisecte~ biantennary 

N-linked oligosaccharides are slightly retarded from 
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Con A-sepha~ose column and elution does not require 

haptenic sugars (193). The presence of a core Fuc in 

complex biantermary N-linked oligosaccharides does not 

interfere with their binding to Con A-Sepharose. 

WGA-Sepharose interacts specifically with GlcNAc 

and NeuNAc (194,195). WGA has very high affinity for a 

sequence of three f3 1-?- 4 linked GlcNAc (chitotriose) and 

the affinity was found to incr,ase with increasing number 

of GlcNAc residues (196). Alpha-Fucose residue in the 

core inhibits the interaction of the glycopeptide with 

WGA-agarose (197). Glycoconjugates with high density of 

terminal nonreducing NeuNAc residues will interact specifically 

with WGA (198), and the interaction invqlves a charge 

effect called •avidity• {199). 

Immobilized RCA interacts with high affinity with 

bi-and triantennary Asn-linked oligosaccharides that 

contain terminal Gal residues (200). The affinity of RCA 

with glycopeptides depends on the number of terminal 

a-linked Gal residues and decreases with the number of 

terminal sialic acids (201). JSA possess high affinity 

for terminal OC-anomer of D-Gctl (146). 

The determination of amino acid sequence used the 

degradation scheme developed by Edman (202). Phenyliso~ 

thiocyanate reacts with the amino terminal amino acid of 

a polypeptide at basic pH to form phenylthiocarbamyl 
% 

derivative. Acidification with trifluoroacetic acid then 



57 

cleaves of the first amino acid as its 2-anilino-5-

thiazolinone derivative and then exposes the amino group 

of the second amino acid. The derivatized amino acid is 

removed by extraction, the remaining polypeptide is dried 

and the cycle is repeated. Intensely fluorescent derivatives 

result from the reaction of DNS-Cl with firee amino groups. 

DNS-amino acid derivatives are stable to acid hydrolysis 

and exhibit yellow fluorescence (203). The amino terminal 
! 

of the polypeptide at each cycle of degradation, can be 

identified by reacting it with DNS-Cl, hydrolysing the 

polypeptide and separating the fluorescent derivative on 

HPLC system. 

Protein A of s.aureus reacts specifically with Fe 

part of lgG (150). Protein A coupled to Sepharose can 

be used as an immunosorbent for the isolation of lgG from 

the serum of different species. JSA binds specifically to 

both monomeric and polymeric form of lgA, but not lgG or 

lgM (204). 

METHODS 

Enzyme assay 

The standard assay system for 13-galactosidase 

contained 200)-( moles of citrate phosphate buffer, pH 4.5, 

lOOfg of bovine serum albumin, 500nmoles of p-nitrophen~l-

13-D-galactopyranoside and suitable aliquot of enzyme in 

a total volume of O.Sml. The reaction mixture was incubated 

at 37°C for 30 min. The reaction was terminated by heating 
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0 the tubes at 100 C for 30 sec. The tubes after cooling 

were mixed with 2.5ml 0.4M glycine-NaOH, pH 10.5 and 

centrifuged for 5 min at 2000g. The yellow colour formed 

was measured at 405 nm. One unit of enzyme was defined as 

the amount of enzyme required to liberate one nmole of 

0 p-nitrophenol per min at 37 c. 

Inhibition studies 

The inhibitors in varying concentration were prein-
, 0 

cubated with the enzyme for lhr at 23 c and assayed under 

standard conditions. The .nature of inhibition and 'inhibition 

constants were determined from the Dixon plot 1/V against I (205), 

Affinity chromatography on immobilized lectins 

Con A-Sepharose affinity chromatography was carried 

out by applying 13-galactosidase A or B to a column of 

o.Sx4cm. The column was washed with O.OSM phosphate buffer, 

pH 7.0 containing SOOmM Nacl. The adsorbed enzyme was 

eluted with 10mM cx:-methyl mannopyranos ide in the s arne 

buffer followed by SOOmMcx:-methyl mannopyranoside in the 

buffer. One ml fractions were collected and assayed for 

enzyme activity. 

Another immobilized lectin used to study the 

oligosaccharides of 8-galactosidase is WGA~Sepharose. 

The 8-galactosidase A or B was loaded to WGA-Sepharose 

column (0.6x3cm) equilibrated with 20m1 phosphate buffer, 

pH 7.0 containing 100mM NaClQ The unadsorbed glycoprotein 
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was washed with the same buffer. The bound enzyme was eluted 

with the same buffer containing o.lM GlcNAc. One ml fractions 

were collected and assayed for enzyme activity. 

The enzyme was applied to RCA-Sepharose column 

(0.6x3cm) equilibrated with PBS, pH 7.4. The column was 

~washed with the same buffer and eluted with 0.1M Gal in 

the buffer. The 1ml fractions collected were dialyzed in 

20mM phosphate, pH 7.0 ,containing 1 lOOmM NaCl before the assay. 

Affinity chromatography on JSA-sepharose was 

carried out on a column (0.6x3cm) equilibrated "t'lith PBS, 

pH 6.5. The column was washed with the same buffer and 

eluted with the buffer containing O.lM Gal. The dialyzed 

1ml fractions were assayed for enzyme activity. 

0 The antibody and the enzyme was incubated at 23 c 

for 1hr. The.complex formed was separated by centrifugation 

at l5,600xg in Eppendorf centrifuge for 1 min. The complex 

was resuspended in 20mM"phosphate, pH 7.0 containing 

lOOmM NaCl and assayed for enzyme activity. 

The materials and other relevant methods are 

described in chapter II. 

RESULTS 

The purification of !3-galactosidase A and B from human 

placenta is summarized in Table 2. Experimental details of 

the purification are described in Chapter II. Con A~epharose 

affinity chromatography resulted in 107-fold purification 



TABLE - 2 

PURIFICATION OF f3 -GALACTO.S IDASE FROM HUNAN PLACENTA 

Total Total Specific 
Enzyme fraction Protein activity activity 

(mg) (units) 

Supernat$nt 
l 

35,400 27,450 0.75 

Arrunoniwn Sulphate 23,510 24,190 1.00 

Con A-Sepharose 248 19,860 80 

Sephadex G-200 

A 58 5,500 95 

B 52 10,640 205 

f3-Galactosidase A 

DEAE-Sephadex 20 2,350 118 

Con A-Sepharose 9 2,010 223 

f3 -Galactosidase B 

DEAE-Sephadex 18 5,870 326 
Con A-Sepharose 12 4,660 338 

Experimental details are given under and General Methods. 
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with 72% recovery. Neutral B-galactosidase activity was 

completely removed by this step. The dialysis to remove 

<X-methyl glucopyranoside and subsequent lyophilization of 

the enzyme had no deleterious effect on its biological 

activity. The enzyme was separated into two forms by gel 

filtration on Sephadex G-200. The activity peak eluted 

immediately after the void volume of the column was called 

A-form and the peak eluted at the inner volume was denoted 
! 

as B-form. A partial purification of the enzyme was achieved 

by DEAE-Sephadex A-50 ion excha'1ge chromatography. !3-galacto­

sidase A and B were completely retained on DEAE-Sephadex 

A-50 equilibrated at pH 6.0 and could be eluted with 250mM 

NaCl. ·rhe enzyme preparation was free of other glycosidases 

except /3-hexosaminidase at this stage. The sulfhydryl 

nature of the enzyme was utilized to purify the enzyme by 

employing a mercurial-Sepharose column. The yield of the 

enzyme was low. A second Con A-Sepharose affinity 

chromatography after DEAE-Sephadex ion exchange chromatography 

of both forms resulted in higher yield. The final preparation 

of purified enzyme was free of all other glycosidase activities. 

Purified enzymes A and B were subjected to poly-

acrylamide gel electrophoresis in 7.5% gels at pH 8.3. 

Both forms of the enzyme gave single band with B-form having 

higher electrophore~tic mobility (Fig.5) SDS-polyacrylamide 

gel electrophoresis of the purified enzyme \<las carried out 

on 10% acrylamide gels according to Laemmli (155). The enzyme 

was treated with SDS and mercaptoethanol prior to electro-

----' ____ ...__..:J -- - -~ ............ li""''E 'h::.nA 
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Fig.S. Polyacrylamide gel electrophoresis 

of B-galactosidase A and B at pH 8.3 • 

. Experimental details are given under 

General Methods. 



Fig.6. SDS-polyacrylamide slab gel 

eletrophoresis of 0-galactosidase 

A and B. 

Details of the experiment are given 

under General Methods. 

a. Jack fruit seed agglutinin 

b. OValbumin 

c. · Bovine serum albumin 

d. E.Coli B-galactosidase 

e. Ferritin 

f.· 8-Galactosidase B 

g. f3.o-Galactosidase A. 
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Jack seed aggl.utinin 

0 F"'rri tin 

~ ()_galactosidase A 

!1 _ galactosi dose B 

E. Coli fJ _galactosidase 

4.1 4.3 4.5 4.7 4.9 51 

lcg.Molecular Weight 

Subunit molecular weight determination of 0-galactosidase 
A. and a by SDS-polyacrylamide. gel e,lectrophoresis. 

Experimental details are given under General Methods. 
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(Fig.6). The molecular weight of the band was approximately 

68,000. A-form was dissociated into two bands under the 

same conditions (Fig.6). The major protein band had an 

apparent Mr.=68,000 while the minor band corresponded to 

Mr.=27,000 (Fig.?). It may be concluded that both A and B 

forms contained one common subunit. 

The inhibition of B-galactosidase A and B by various 

substrate analogues is presented in Table 3. Inhibition 

of B-galactosidase by r-D-galactonolactone is already 

reported (157). Galactose at a final concentration of 

10-1M completely inhibited the enZ}Tie activity. Galacto­

pyranosylamine at a final concentration of 10-3.H inhibited 

38% and 30% activity of both A and B-forms respectively. Low 

and high methylated polymer of galacturonic acid was not 

found to be an inhibitor of placental B-galactosidases. 

Galacto-1-deoxynojirimycin at a final concentration of 

10-5M completely inhibited B-galactosidase A and B. No 

significant difference was observed between the effect of 

substrate analogues on B-galactosidase A and B. Dixon plot 

for the determination of Ki for galacto-1-deoxynojirimycin 

of B-galactosidase A and B revealed competitive nature of .. the 

inhibition~ The inhibition constant Ki for B-form was 

-5 < · -5 < > 1.4x10 M Fig.8) and 1.25x10 M for A-form Fig.9 with 

p-nitrophenyl-B-D-galactopyranoside as substrate. 

Tryptophan residues of the enzyme was quantitated 'DY 

their oxidation according to savige and Fontana (169). The 
• 

B-galactosidase A and B had 15 and 11 Trp residues respectively. 



TABLE - 3 

EFFEC'l' OF SUBS·rRA·rE ANALOGUES ON f3 -GALACTOSIDASES ACTIVITY 

Inhibotor Final Concen- % Inhibition 
tration (M) B A 

Galacto-1-deoxynojirimycin 10-s 81 83 

Galactose 10-s 92 91 
Galactopyranosylamine 10-3 38 30 

Thiodigalactoside 10-3 6 6 

Lactitol 10-2 0 0 

Arabinogalactan 10-2 0 0 

High methylated polymer of 0 0 galacturonic acid {2%) 

Low methylated polymer of 0 0 galacturonic acid (2%) 

The details of the experiments are described in the text. 
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The structure of galacto-1-deoxynojirimycin is shown in the inset. 
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The total number of Tyr residues in the enzyme estimated 

with N-acetylimidazole (162) shOi.;ed 48 and 11 residues in 

A and B-forms of the enzyme respectivelyo 

In order to get some insight into the active site 

aminoacids, chemical modification of various amino acids 

were carried out. The results of chemical modification of 

various amino acids and saccharide chains of ~-galactosidase 

A and B are summarized in Table 4. Sulfhydryl group modi­

fication with DTNB resulted in 33% loss of activity of 

A-form and 30% activity of B-form. .Hodification of -SH 

groups by pHMB (10-4N) inhibited 47% activity of A-form 

and 63% activity of B-form. Modification of -SH groups 

with 10-3M N-ethylmaleimide inhibited 40% and 29% activity 

of A-galactosidase A and B respectivelyo 

Modification of the Trp residues by treatment of the 

enzyme with 2-hydroxy-5-nitrobenzyl bromide completely 

abolished the activity of both A and B-forms of f3-galacto-

sidase. The enzyme was treated with benzyl halide, 

2-methoxy-5-nitrobenzyl bromide for the modification of Trp 

residues. Both forms of the modified enzyme lost their 

activity completely. Beta-galactosidase A and B also lost 

their activity when the Trp residues were modified by 

N-bromosuccinimide. 

Specific modification of Tyr residues of B-galactosidase A 

and B with N-acetylimidazole had no deleterious effect on 

their activity. Complete inactivation of both forms of 

(3-galactosidase was observed as the Arg residues were modified 



TABL.E - 4 

CHEMICAL MODOFICATION OF AMINO ACID GROUPS AND OLIGOSACCHARIDE 

CHAINS OF f3 -GALACTOSIDASES 

Modifying reagent 

Dithionitrobenzoate 

Amino acid group 
or oligosaccha­
ride modified 

-SH 

P-hydroxymercuribenzoate -SH 

N-Ethylmaleimide -SH 

2-Hydroxynitrobenzyl bromide I'rp 

2-Methoxynitrobenzyl bromide Trp 

N-Bromosuccinimide Trp 

N-Acetylimidazole Tyr 

Phenyl glyoxal hydrate Arg 

1,2-cyclohexanedione Arg 

Diethylpyrocarbonate His 

Nalo4 I NaCNBH3 Oligosaccharides 

A 

67 

53 

60 

7 

11 

8 

89 

13 

46 

78 

8 

Residual 
activity 

B 

63 

37 

71 

8 

13 

10 

86 

10 

45 

95 

14 ' 

Experimental details are given under General Methods. 
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specifically by phenylglyoxal hydrate. Arginine modification 

with 1,2-cyclohexanedione resulted in 54% and 55% decrease 

in the activity of B-galactosidase A and B respectively. 

The enzyme activity was unaltered when the His residues of 

13-galactosidase A and B were modified with diethylpyrocarhonate. 

The enzym91~~on oxidation with periodic acid, lost their 

activities (152). Treatment of (3-galactosidase A and B with 

a mixture ot sodium metaperiodate and sodium cyanoborohydride, 

resulted in the oxidatiYe cleavage of the oligosaccharides 

and the reduction of the aldehyde groups to primary alcohols. 

By conducting the procedure at acid pH, the possibility of 

Schiff's base formation between the aldehyde groups and 

amino groups in the protein and the non-specific oxidation 

of amino acids were minimised. Both forms of the modified 

enzyme completely lost their activity. 

Affinity chromatography using various immobilized 

lectins were employed for analyzing the Asn_linked oligo­

saccharides of n-galactosidase A and B. Both forms of the 

enzyme were fully retained on Con A-Sepharose. Affinity 

chromatography of {3-galactosidase A and B on Con A-Sepharose · 

is shown in Figure .10. A portion of the bound .·enzyme could 

be eluted with 10tnM x-methyl mannopyranoside. However, major 

portion of the bound enzyme was eluted with 500mM~-methyl 

mannopyranoside. Separation of B-galactosidase A and B into 

two components was observed on application to WGA-Sepharose" 

column (Fig.11). Twenty to thirty percent of the applied 

~-galactosidase A and B activities were bound to WGA-Sepharose. 
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and unbound from of the enzyme showed similar electrophorectic 

mobilities. Affinity chromatography of the enzyme on RCA­

Sepharose is sho~m in Figure 12. The enzyme bound to the 

column could be specifically eluted with Gal. Twenty percent 

of B-form and 50% of A-form were bound to RCA-Sepharose. The 

enzyme did not bind to JSA-Sepharose. 

N-terminal amino acid sequence of t3 -galactosidase 

A and B was analyzed by dansyl-Edman degradation (173). The 

N-terminal amino acid of A-galact6sidase B was found to be 

Leucine. The N-terminal amino acid sequence of B-form was 

found to be 'Leu-Ser-Ser-Lys-Val-His-•. N-terminal amino 

acid sequence analysis of a-galactosidase A showed two peaks 

corresponding to its two subunits. The subunits of B-galacto­

sidase A were isolated by SDS-polyacrylamide gel electro­

phoresis (56) • N-terminal amino acid sequence analysis of 

the isolated subunit indicated the sequence 'Leu-Ala-' 

at the N-terminal of 68 kDa subunit and that of 27 kDa subunit 

was 1 'Pyr-Met- 1 • 

The polyclonal antibody was raised in rabbits against 

B-galactosidase A. The antiserum was found to cross-react 

-vii th 13-galactosidase A. The antiserum was chromatographed 

on ~SA-Sepharose followed by protein A-sepharose to determine 

the immunoglobulin class. The antiserum eluted from lgA 

specific JSA-Sepharose column cross-reacted with 13-galacto­

sidase A (Fig.l3). The antibody and enzyme complex retaineCl 

enzymic activity. The antibody cross-reacted with B-fgrm as 

well as with the similar enzymes from various human fetal 



Fig.l3. The class of i~unoglobulins 

of 0-galactosidase A antibody. 

Details are described in the text. 

Central Well: n-oalactosidase A 

1 : JSA-sepharose eluate 

2 : Protein A-Sepharose eluate 

3 : Unbound antiserum. 
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DISCUSSION 

TWo forms of acid ~-galactosidase had been separated 

and purified to homogeneity from hwnan placenta by Sarasija 

and Basu (152) with low recovery and stability. The modified 

method of purification described in the present work involved 

a second Con A-Bepharose affinity chromatography after DEAE­

Sephadex A-50 ion exchange chromatography of both forms, 

resulting in higher yield and stability. 

The purified enzyme was homogeneous as revealed by 

polyacrylamide gel electrophoresis at pH 8.3.· Molecular 

weight of ~-galactosidase determined by gel filtration at 

neutral pH was 500,000 for A-form and 100,000 for B-form. 

Acid 13-galactosidase of human liver 9nd brain was shown to 

occur as two fo~s with Mr. of 600,000-800,000 and 

60,000-80,000 (134,178). Recently, in addit~on to the two 

forms a dimeric form of acid ~-galactosidase (Mr.=l40,000-

170,000) was reported to be present in purified preparations 

(95,184). Two molecular weight species of feline liver acid 

13-galactosidase were observed on gel filtration of the native 

enzyme (180). 

In SDS-polyacrylamide gel electrophoresis, A-form 

dissociated into two b~ds with Mr.=68 kDa and 27 kDa, 

whereas B-form showed a single subunit of Mr.=68 kDa. Both 

forms of the enzyme may have a common subunit. Additional 

bands for the high molecular weight form have also been 

observed by others (95,98). 

Galacto-1-deoxynojirimycin was found to be a potent 
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inhibitor of ~-galactosidase A and B. Dixon plot showed 

competitive nature of the inhibition with an inhibition 

constant, Ki=1.25x10-5M for A-form and 1.4x10-5M for B-form. 

Competitive nature of the inhibition of placental a-galacto­

sidase, with a higher Ki value, by Y-D-galactonolactone has 

been already reported {152). The competitive inhibition of 

the enzyme by galacto-1-deoxynojirimycin is significant 

because most of the available substrate analogues were found 

to be weak inhibitors of placental ~-galacto~idase. Galactose 

at a concentration of 10-1M also inhibits {3-galactosidase 

A and B. Amino group substitution at the carbon-1 of Gal 

increased its inhibitory capacity. 

Beta-galactosidase A and B had 15 and 14 Tryptophan 

residues respectively when estimated according to Savige 

and Fontana (169). Tyrosine quantitated with N-acetylimi­

dazole (162) showed 48 and 11 residues in A and B-forms 

respectively. 

There are few reports on the amino acid, oligosaccharide 

chain modification and biological activity of the enzyme. The 

modification of the amino groups of 13-galactosidase suggested 

their indespensability (152). In the present study an attempt 

has been made to dete~mine the identity of the amino acids at 

the catalytic site. The chemical modification studies indica­

ted the presence of Trp and Arg residues at the catalytic 

site as the specific modification of these residues completely 

inactivated the enzyme. Cysteine resi"ues had contributed to 
' :w 

the activity as the selective modification decreased the 
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enzyme activity. No significant difference was observed 

on the effect of chemical modification of both A and B forms. 

Both forms of the enzyme modified by· sodium periodate 

and sodium cyanoborohydride at acid pH completely lost their 

biological activities. Thus a role for oligosaccharide chains 

on the biological activity may be presumed. 

Affinity chromatography of the enzyme on various 

immobilized lectins indicated the presence of high mannose, 

hybrid and complex-type oligosaccharides in both A and B 

forms of ~-galactosidase. Enzyme bound to immobilized Con A 
•.. 

could be eluted with lOmM hapten sugar rev~aled the presence 

of complex biantennary oligosaccharides. Major portion of 

the enzyme activity wqs eluted with SOmM~-methyl mannopy­

ranoside indicating the presence of high mannose and hybrid­

type of oligosaccharides. WGA-Sepharose-bound form predo­

minantly contained hybrid and complex-type oligosaccharides, 

whereas the unbound form was of high mannose-type. The 

results on the binding of human placental B-galactosidase to 

WGA-Sepharose are not similar to those obtained with human 

liver 8-galactosidase (206). These authors reported that 

WGA-bound and unbound fractions of human liver 1.3-galacto­

sidase have different electophoretic mobilities. Affinity 

chromatography on RCA-Sepharose also reveals the presence of· 

complex and hybrid-type oligosaccharides in the bound form. 

Fiddler et al also suggested the presence of two forms o~ 

acid 8-galactosidase in human liver by affinity chromatography 
l 

on RCAI-Sepharose (207). It is very difficult to explain the 
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nonbinding of placental a-galactosidase to JSA-Sepharose, 

since both RCA and JSA were specific for D-galactose residues. 

TheN-terminal amino acid sequence of·(?.-galactosidase 

B was • Leu-ser-ser-Val-Lys-1:Jis- 1 • The N-terminal amino acid 

analysis of A-form showed two peaks. The subunits isolated 

by SDS-polyacrylamide gel electrophoresis indicated the 

sequence 'Leu-Ala-• at the N-terminal of 68 kDa subunit and 

that of 27 kDa subunit was 1 Tyr-Met•-. 

The polyclonal antibody raised ih rabbit against 

o-galactosidase A was chromatographed sequentially on lgA­

specific JSA-Sepharose and lgG-specific protein A-Sepharose 

to determine the class of immunoglobulins. JSA-Sepharose 

eluate cross-reacted with ~-galactosidase A indicating that 

the antibody belonged to lgA class of immunoglobulins. The 

enzyme-antibody complex retained enzymic activity demonstra­

ting that the antigenic and catalytic sites were situated at 

different regions of the polypeptide. Roth and Rotman observed 

the inactivation of the enzyme by the antibodies elicited to 

certain mutant forms of a-galactosidase (186) • A and B-forms 

of the enzyme were found to be immunologically identical. 

Immunological identity has also been reported for the two 

forms of human liver acid (3-galactosidase (178). The antibody 

cross-reacted immunologically with similar enzymes from 

various human fetal and adult organs • 

• • • 
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INTRODUCTION 

The role of carbohydrates in cellular recognition 

is well documented. It has become increasingly apparent 

that cell surface carbohydrates are intimately involved 

in lymphocyte ,•homing', tumour invasiveness, trophoblast 

implantation and intercellular adhesion (208). The recently 

emerged field of carbohydrate specific binding proteins 

particularly, the galactose-binding in hepatic tissue has 

been reviewed by Ashwell and Harford (10). Barondes has 

reviewed soluble ~~galactoside-binding protein from several 

animal tissues (109). Some (3-galactoside-binding protein 

of certain animal species are developmentally regulated. 

The soluble galactoside-binding proteins are extractable with 

lactose and are specifically inhibited by (3-galactoside 

containing saccharides. They are distinct from membrane 

bound lectins, which require detergents for solubilization 

and ca2+ for saccharide-binding activity (109,110). These 

13-galactoside-binding proteins are>operationally defined as 

lectins and usually assayed by their ability to agglutinate 

erythrocytes. These lectins are usually been isolated in the 

mono-,di- or oligomeric state (209). The biological function 

of these soluble B-galactoside-binding lectins has not been 

clearly established. 

Despite their diverse origin, the soluble e-galaqtoside­

binding proteins share many common properties. They contain 
~$ 

subunits of Mr.=13-16 kDa. They exist predominantly in 

dimeric form with similar saccharide specificity. Their 
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activity is independent of divalent cations but dependent 

on the presence of exogenous thiols. Several soluble 

(3-galactoside-binding lectins from phylogenetically distinct 

species cross-react immunologically, indicating that these 

proteins possess common structural determinants that have 

been maintained during evolution (210-213). 

Electrolectin, a 13-galactoside-binding lectin of 

electric eel was a dimer having 2.2% carbohydrate and is 

composed of presumably identical subunits of Mr.=16.5 kDa 

(116). Electrolectin is inactivated in the absence of 

exogenous thiols, eventhough the lectin contains no Cys 

residues. The loss of activity was traced to the oxidation 

of the single Trp residue at the saccharide-binding site 

by atmospheric oxygen which prevented the binding of 

saccharides. The reducing agents were required to reduce 

the molecular oxygen normally present in solution and 

prevent it from oxidizing the Trp. 

A soluble /3-galactoside-binding lectin from calf 

heart and lung has been purified by deWaard et al., was 

found to be a dimer of Mr.=9000(149). Carding et al 

raised a monoclonal antibody against the soluble galactoside­

binding lectin of bovine heart muscle and showed an array 

of antigenically active components in addition to 13 

and 26 kDa protein in bovine tissues ranging from 36 kDa ' 

to more than 200 kDa (209). Galactose-binding activity was 

demonstrable in 13,26 and 36 kDa components suggesting that 

the immunoreactive components of higher molecular weight 
'ij) 

may be inactive precursor forms of the lectin. 
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The soluble A-galactoside-binding lectins from the 

epidermis and dermis of chick embryo skin had an apparent 

subunit Mr.=14 kDa (214). The biochemical properties 

revealed that though dermis and epidermis develop from 

different origins, they contain the same lectin. These 

authors also reported the possible occurence of several 

oligomeric states which are in dynamic equilibrium. Such 

a situation may be important for cellular regulation, 
! 

because the apparent binding strength changes depending on 

the number of binding sites of the molecule. Its high 

content and considerable change during development suggest 

a function in tissue differentiation. Two {3-galactoside­

binding lectins f~om the whole chick embryos were distinguished 

by the same authors, in SDS-polyacrylamide gel electrophoresis 

with an appropriate Mr. of 16 and 14 kDa. Beyer et al 

also isolated two {3-galactoside-binding lectins, one from 

chicken embryonic liver composed subunits of Mr.=15.9 kDa 

and another from adult intestine, subunit Mr.=14.2 kDa (120). 

These two lectins are immunologically distinct and have 

different cellular localization (215). A 15 kDa membrane 

bound ~-galactoside-binding lectin from embryonic chick 

muscle was purified by Den and Malinzak (216). Soluble 

extracts of chick pectoral muscle and myoblast clone L6 

also contains a ~-galactoside-binding lectin (217). The 

muscle lectins are involved in myoblast fusion and the"process 

is completely inhibited by the potent inhibitor thiodi­

galactoside (218). Lactose sensitive lectin was also purified 

from ~mbrvonic chick rPt:ina and ~nini'llC"'()rn (?1Q\-
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Both immature and adult rat lungs contain three 

prominant soluble t3 -galactoside-binding proteins with 

subunit Mr.•14.5, 18 and 29 kDa (220). They are readily 

resolved by ion exchange chromatography and reported to 

be distinct proteins. Neither the 14.5 kDa nor the 18 kDa 

lectin are apparently derived by the proteolytic processing 

of the 29 kDa lectin. Powell also described the purification 

of soluble 13 -galactoside-binding lectin from rat lung (221) • 
l 

Rat brains-galactoside-binding lectin was isolated and 

characterized by Caron et al (222). 

Whitney et al demonstrated that iodoacetamide treated 

rat lungn-galactoside-binding lectin was stable to atmospheric 

oxygen in the absence of thiol reducing agents (223}. All 

the Cys residues in native rat lung galactoside-binding lectin 

are in the reduced form with no evidence of ~ny disulphide 

linkage. Oxidation of the protein thiol groups by atmospheric 

oxygen does not result in intersubunit disulphide bond 

formation or an increase in molecular weight. Though the 

physiological significance of this phenomena is not known, 

it may be possible that the lectin is regulated by the 

oxidative state of its environment (224}. 

Primary structure of the 14 kDa soluble {3-galacto­

side-binding lectin of chick embryo was reported by 

Hirabayashi et al (225). Recently, Ohyama et al. determined 

the nucleotide sequence of chick 14 kDa f.3-galactoside-" 

binding lectin mRNA {226). Both results are in complete ,, 

agreement, except for the N-terminal structure. The 
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N-terminal amino acid, serine, was blocked by acetylation, 

while the first and second residues of the coding region 

of eDNA were 'Met-ser•-. It seems that translation of 

the chick 14 kDa lectin is initiated at the initial 'Met' 

code and after the completion of the translation, Met is 

removed and the resultant N-terminal serine is blocked 

by acetylation. Marked internal sequence homologies in 

chick 14 kDa lectin was found. This suggests that chick 
1 

14 kDa gene may have evolved via several gene duplications. 

Drickamer et al have reported the amino acid sequences of 

asialoglycoprotein receptor of chick and rat (227,228) and 

Spiess et al reported the nucleotide sequence of that of 

human (229). 

The comparison between the.partial sequences of the 

·four lectins of human origin shows significant sequence 

homologies but also systematic differences, indicating that 

at least four different genes encoding a-galactoside-binding 

lectins may be present in the human genome (119). However, 

the homologies between human lectins and those from the 

eel and chicken suggest that the lectin encoding genes 

have been derived from a common ancestor gene. 

Recently, Hirabayashi and Kasai have reported a 

IS-galactoside-binding lectin from human placenta (153). 

This section describes the detailed physicochemical 

properties, structural and immunological studies of thg 

@-galactoside-binding protein of human placenta. 
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METHODS 

Blood was collected with anticoagulant acid cit~ate­

dextrose solution. Erythrocytes were separated from the 

fresh blood by centrifugation at 200 rpm for 5 min at 30°c. 

They were washed 3-4 times with PBS, pH 7.4. Five percent 

washed erythrocyte suspension in PBS, pH 7.4 was mixed with 
0 0.1% trypsin and the mixture was incubated at 37 C for 1 hr. , 

The trypsinized erythrocytes were then washed 5 times with 

PBS, pH 7.4. The cells were suspended in PBS, pH 7.4 to 

obtain a 5% trypsinized erythrocyte suspension. 

Hemagglutination assay 

Serial two fold dilutions of the protein samples 

were made in a final volume of 0.2 ml of PBS, pH 7.4 in 

test tubes. To each tube 0.05 ml native or trypsinized 5% 

erythrocyte suspension was added and mixed. The agglutination 

was scored after 2 hr at 30°C. Hemagglutination titre 

is defined as total number of lectin units each of which 

agglutinated 1% V/V trypsinized erythrocytes from 0.25 ml 

suspension in PBS, pH 7.4. 

Saccharide inhibition of hemagglutination 

Aliquots of 0.2ml PBS, pH 7.4 containing double the 

minimum amount of 13-galactoside-binding protein required for 

hemagglutination, with or without serial dilution of the 

saccharides were incubated. at 23°C. After an hour o.o5ml 

of a 5% suspension of erythrocytes in PBS, pH 7.4 was 
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added. The mixture was kept at 23°C with ocassional 

shaking and agglutination was noted after 2 hr. 

uv spectral measurement 

The uv spectrum of the lectin was measured on 

Shimadzu spectrophotometer UV-240 in PBS, pH 7.2 at a 

concentration of l.Omg/ml. 

Equilibrium dialysis 

3 (H) LactoSe the ligand for equilibrium dialysis was 

prepared by sequential exposure to galactose oxidase in the 

presence of horse(l:-ad~ish peroxidase and tritiated borohy-
!f 

dride according to Morell and Ashwell (229). ·Equilibrium 

dialysis was carried out in 0.9ml cells separated by a 

semipermeable membrane using 1.07mg ~-galactoside-binding 

protein and varying concentrations of 3 (H} lactose in PBS~ 

pH 7.2. Equilibrium was allowed for 48 hr at 4°C and free 

3 (H) lactose was measured by counting the radioactivity in 

LKB Rackbeta counter. The data were plotted according to 

Scatchard (230). 

Fluorescence quenching studies 

The binding of MeUmb-B-Gal to galactoside-binding 

protein was monitored by rne~suring the quenching of fluore­

scence of the saccharide derivative in Shimadzu Spectro­

fluorophotometer at pH 7.2. To 2ml of ~M fluorescent ' 

saccharide derivative in 1xlx4cm cuvette were added vary;f.ng 

quantities of 8-galactoside-binding protein. The fluoresence 

spectra after each addition were recorded. In a separate 
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experiment to a fixed amount of protein (2ml, 3.1PM) were 

added various aliquots of MeUmb-a-Gal. The fluorescence 

maximum was measured after exciting at 315nm. The data 

were plotted according to Scatchard (230). 

Amino acid analysis 

Amino acid analysis of ~-galactoside-binding protein 

was carried out using Amberlite IRA-120 ion exchange column 
t 

(4.6x200mm) mounted on Beckman amino acid analyzer according 

to Spackman (231). The protein was hydrolyzed with 6N HCl 

at 105±1°C, in an evacuated tube for 24 hr. The hydrolysate 

was dried in a desicator over phosphorus pentoxide and NaOH 

pellets. The sample was dissolved in citrate buffer pH 2.2 

and SO)Jl was injected to the analyzer. The flow rate of the 

buffer was maintained at 35 ml/hr, while that of ninhydrin 

was 25ml/hr. 

Mitogenic studies of the 8-galactoside-binding lectin 

on human lymphocytes were performed with PHA as standard 

according to Osawa and Toyoshima (232). 

Affinity chromatography on immobilized lectins 

The ~-galactoside-binding protein was applied to 

Con A-Sepharose column (0.6x4crn). The column was washed 

with O.OSM phosphate buffer, pH 7.0 containing SOOrnM Nacl 

and eluted with the buffer containing lOmMx-methylmanno­

pyranoside, followed by SOOmM~-methylrnannopyranoside. 
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The tl-galactoside-binding protein was passed through 

a WGA-Sepharose column {0.6x3cm) equilibrated with 0.02M 

phosphate bu£fer pH 7.0 containing lOOmM NaCl. The unadsorbed 

glycoprotein was washed with the same buffer. The bound 

protein was eluted with the same buffer containing O.lM 

GlcNAc. 

The protein was applied on RCA-sepharose 4B column 

(0.6x3cm) equiljbrated with PBS, pH 7.4. The column was 

washed with the same buffer and eluted with the buffer 

containing O.lM Gal. 

The ~-galactoside-binding lectin was applied on 

JSA-Sepharose column {0.6x3cm) equilibrated with PBS, pH 6.5. 

The column was washed with the same buffer and eluted with 

O~lM Gal in the buffer. Affinity chromatography on WBA­

Sepharose column (0.6x3cm) was carried out in PBS, pH 7.4. 

The column was washed with the same buffer and eluted with 

0.2M lactose in the buffer. 

lml fractions collected from the above lectin­

Sepharose columns were dialyzed in PBS, pH 7.2 before 

hemagglutination .assay. 

Human adult and fetal organs obtained from Trivandrum 

Medical College Hospital were stored at -20°C until use. 

Sample of 8-galactoside-binding lectin from various human 

adult and fetal organs were prepared by homogenizing the 

tissues in PBS, pH 7.2 containing O.lM lactose. The 

supernatant was collected after centrifugation at 6,000 g. 
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Bovine heart 8-galctoside-binding lectin was purified on 

asialofetuin-Sepharose column according to deWaard et al. 

The 13-galactosidase A and B were purified from human 

placenta as mentioned early. 

Materials and other relevant methods are described 

in chapter II. 

RESULTS 

The B-galactoside-binding protein was purified 

to homogeneity from human placenta (Table.S). The major 

steps of purification were specific extraction with lactose 

and affinity chromatography on asialofetuin-Sepharose 

(Fig.14). The purified ~-galactoside-binding protein showed 

a single band on polyacrylamide gel electrophoresis at 

pH 8.3 (Fig.15). The molecular weight of the native 

protein determined by gel filtration on Biogel P-100 

column was found to be 26.9 ktla (Fig.16). SDS-polyacrylamide 

gel electrophoresis of the purified (3-galactoside-binding 

protein showed a single band corresponding to Mr.=13.4 kDa 

(Fig.17). High molecular weight forms were not observed 

by gel filtration experiments. The lectin was devoid 

of any lysosomal enz~~ic activities. 

The placental ~-galactoside-bin~ing lectin 

agglutinated native calf, pig, rat, mice and rabbit 

erythrocytes, but not those of sheep, goat and dog. The 

trypsinized calf, pig, sheep, dog, rat and mice erythrocytes 
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PURIFICATION OF r3-GALACROSIDE-BINDING PROTEIN FROM 

HUMAN PLACENTA 

Total 
~,raction protein 

(rng) 

Lactose extract 640 

Ammonium sulphate 426 

asialofetuin-Sepharose 1.2 

Total 
activity 
(titer.ml) 

64,000 

51,200 

15,360 

Specific 
activity 

(titer.rnl/rng) 

100 

120 

12,800 

Experimental details are given under General Method. 
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Fig.lS. Polyacrylamide gel electrophoresis 

of purified 8-galactoside-binding 

protein at pH 8.3. 

Experimental details are given 

under General Methods. 
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were agglutinated but not that of goat. Trypsinized 

erythrocytes of all human blood groups were also agglutinated. 

The saccharide inhibition of ll.emagglutination were 

carried out with trypsinized rabbit and human B+ve erythro-

cytes. The results of saccharide inhibition studies are 

shown in Table 6. Thiodigalactoside was found to be the 

best inhibitor followed by lactose. Agglutination of 

trypsinized human cells was inhibited by 8-times lower 

concentration of thiodigalactoside as compared to rabbit 

cells. Galactopryanosylamine was a b~tter inhibitor 

compared to Gal and galactosamine. Saccharide concentration 

required for inhibition by Gal, galactosamine and GalNAc 

was of the similar order. Neither methyl-ct"-D-glucopyranoside 

nor methyl-~-D-mannopyranoside was an inhibitor. Fucose 

did not inhibit agglutination with both the cell types. 

Beta-galactosides were found to be more effective inhibitors 

than their ~-anomers, although methyl-~-D-galactopyranoside 

and p-nitrophenyl-13 -D-galactoside were slightly less affective 

than their respective cx-anomers. The agglutination of trypsi-

nized human erythrocytes required 6-fold higher concentration 

of lectin as compared to rabbit cells. The saccharide 

concentration required for inhibition of hemagglutination 

were also lower in case of human cells. The lectin retained 

its activity when kept in the presence of lnun 2-rnercaptoethanol 

in PBS, pH 7.2 for several weeks at a concentration of lmg/ml 

at 0°c. Protein concentration higher than lrng/rnl resulted 
;l 

in aggregation. 



TABLE - 6 

INHIBITION CAPACITY OF' COMHON SACCHARIDES ON AGGLUTINATION 

OF ERYTHROCYTES BY GALACTOSE-BINDING LECTIN OF HUMAN PLACENTA 

saccharides 

Thiodigalactoside 
Lactose 
Lactitol 
D-Galactose 
Melibiose 
Fc:J.".f fin OS e 
Stachyose 
D-Galactosamine 
D-Galactopyranosylamine 
N-Acetyl-D-galactosamine 
1-0-Methyl-~-D-galactose 
1-0-Methyl-B-D-galactose 
P-Nitrophenyl-~-D-galactose 
P-Nitrophenyl-~-D-galactose 
L-Fucose 
1-0-t,lethyl-oc-D-glucose 
1-0 -t-·le thy 1-c;<-D -man nose 

Minimum concentration (mM) 
required to inhibit twice the 
haemayglutinating amount of 
lectin 

Trypsinised human 
B+ve cells 

0.019 
0.20 
4 

25 
12.5 
25 
12.5 
25 
0.39 

25 
3.13 

12.5 
1.5 
3.13 
NI 

200 
200 

'l'rypsinised 
rabbit cells 

0.16 
0.78 
4 

50 
50 

100 
25 
50 
6.25 

100 
25 
50 
2.5 
s.o 
NI 
NI 
NI 

The experimental details are described in the text. 
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The UV spectrum was measured at pH 7.2 (Fig.18). 

Multiple shoulders are observed in the range between 250 and 

270nm. Such a spectrum was also reported for electric eel 

lectin (116). These shoulders should be due to the presence 

of a large amount of Phe residues relative to Tyr residues. 

The protein was found to contain one free -SH group 

when titrated with DTNB by direct Ellman•s method (162). 

The total -SH group estimated under denaturing condition 

according to Habeeb (161) was found to be one per subunit. 

Tryptophan residue could not be detected in placental 

!2-galactoside-binding protein by the method of Savige and 

Fontana (169). The /3-galactoside-binding protein was found 

to contain three Tyr residues as determined by 0-acetylation 

with N-acetylimidazole (162). The amino acid composition of 

the placental a-galactoside-binding protein is listed in 

Table 7. N-terminal amino acid was analyzed by the method 

of Gray (173) was found to be histidine. The N-terminal 

amino acid sequence of the lectin was found to be 

'His-Pro-Ala-Pro-Tyr-Phe-Ser- 1 • 

The total carbohydrate content was estimated by 

phenol sulphuric·acid method with Gal as standard was found 

to be 16.7%. 

The results of chemical modification of amino acids 

and saccharide chains are summarized in Table 8. Tryptophan 

modification by 2-hydroxy-5-nitrobenzyl bromid~ and 2-methoxy-

5-nitrobenzyl bromide had no effect on the hemagglutination 



TABLE - 7 

AMINO ACID COMPOSITION OF HUMAN PLACENTAL 
0 -GALACTOSIDE-BINDING PROTEIN 

AMINO ACID 

K 
H 
R 
B 
T 
s 
z 
p 
G 

~ 
v 
M 
I 
L 
y 

Fe 
w 

MOLE/MOLE OF PROTEI~ 

11.36 
3.08 
6.60 

19.72 
9.49 

12.24 
20.60 
9.07 

. 18.31 
20.86 
2.0. 
9.51 
1.41 
6.25 

13.12 
2.51 

12.85 
o.o 

Amino acid residues are denoted by single letter. 

a -minimum molecular weight Mr = 26,900 

b - Cysteine was determined by DTNB method 

c - Tryptophan was estimated by dimethyl 
sulphoxide/HCl method. 



Amino acid Minimum concentration of protein 
Group or (ng) required for agglutination 
Oligosaccharide Trypsinised Trypsinised human Modified rabbit cells cells (B+ve) 

Control* Test Control* Test 

None - 60 60 350 350 
Trinitrobenzene sulphonate -NH2 830 ..,.NA 3300 NA 
Citraconic anhydride -NH2 560 NA 2240 NA 
Maleic anhydride -NH 540 NA 2150 NA 
Dithionitrobenzene -5H2 260 NA 1050 NA 
P-hydroxymercuribenzoate -5H 142 NA 1050 NA 
N-Acetylimidazole Try 580 580 2300 2300 
Diethylpyrocarbonate His 500 NA 2000 NA 
Phenylglyoxal hydrate Arg 1700 NA 4300 NA 
2-hydroxynitrobenzyl bromide Trp 580 580 2300 2300 
2-methoxynitrobenzyl bromide Trp 580 580 4600 4600 
Sodi.um metaperiodate, pH 4.5 Oligosaccharides 500 NA 2200 NA 
Sodium metaperiodate (40mM) & Oligosaccharides 600 NA ND ND Sodium cyanobrohydride (80mM) 
pH 3.5 

Control* - Identical conditions as required for test without the modifying reagent 
N.A. - No agglutination 
N.D. - Not done. 

TABLE - 8 

CHEMICAL MODIFICATION OF AMINO ACID GROUPS AND OLIGOSACCHARIDE CHAINS 
OF f3 -GALACTOSIDE-BINDING PROTEIN. 

Details of the experiment are given under General Methods. 
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activity. Hemagglutination activity \vas not altered by 

modification of Tyr residues. On the other hand Arg residue 

modification resulted in complete loss of hemagglutination 

activity. Specific modification of His residues by diethyi-

pyrocarbonate completely inhibited the hemagglutination 

activity. The hemagglutination activity of the lectin was 

completely destroyed when the amino groups were modified by 

TNBS, citraconic anhydride and maleic anhydride. Sulfhydryl 

group modification by DTNB and pffi1B resulted in total loss of 

hemagglutination activity. 

The oxidation of saccharide chains by periodic acid at 

0°C for 16 hr, completely abolished the· hemagglutination ·~. 

activity. Treatment of the B-galactoside-binding protein 

with a mixture of sodium metaperiodate and sodium cyanoboro-

hydride also resulted in complete loss of hemagglutination 

activity. 

Native'placental e-galactoside-binding protein did not 

bind to immobilized Con A, \'lGA, RCA and WBA. But the protein 

could bind to JSA-Sepharose. 

Scatchard plot of the equilibrium dialysis data 

using 3 (H) lactose showed two sugar binding sites per 27 kDa 

lectin, with an association constant, ka=9.4xl03M-l (Fig.19). 

The fluorescence of HeUmb-1}-D-Gal was progressively 

quenched with successive additions of 13-galactoside-binding 

protein (Fig.20). The addition of excess amount of protein 

decreased the fluorescence to near zero. The fluorescence 

of lectin bound ligand was negligil?le. The remaining 
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Fig.20. Quenching of the fluorescence of 
MeUmb-8-Gal on additions of increasing 
quanti ties of 8 -galactoside-binding 
protein. To 2 ml of 3M MeUmb-8-Gal in 
a 1xlx4cm cuvette the following aliquots 
of 40mH 8-galactoside-binding protein 
were added (a) OJ.J,, (b) 10JJ., (c) 20).J., 
{d) 30 1, (e) 40 1, (f) 50 1, (g) 60 1, 
(h) 70 1, (i) 80 1, (j} 90 _1, (k) 100 1 and 
(1) 120 1. 
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fluorescence observed after successive additions of 

NeUmb-13-D-Gal to a fixed amount of lectin was a measure of 

the free ligand. Scatchard plot of the results of the 

fluorescence quenching of MeUmb-1.3-Gal showed an association 

constant, Ka=4.3xto 7M-1 • (Fig.21). The number of binding 

sites per 27 kDa ~-galactoside-binding protein was found to 

be two. 

Polyclonal antibody to the B-galactoside-binding 
! 

lectin was raised in rabbit. Immunoglobulin class of the 

antibody was determined by sequential chromatography on 

lgA-specific JSA-Sepharose and lgG-specific protein A-Sepharose. 

The antibody eluted from lgA-specific JSA-Sepharose column 

precipitated with @-galactoside-binding protein (Fig.22). 

The lgG-specific protein A-Sepharose eluate and the unbound 

antiserum containing remaining class of immunoglobulins did 

not cross react with B-galactoside-binding protein. Hemagglu-

tination activity was exhibited by the antibody-lectin complex. 

The antibody cross-reacted with purified bovine heart~-galacto­

side-binding lectin (Fig.23). Immunological cross reaction 

was also observed against both A and B-forms of human placental 

B-galactosidase (Fig.23). The antibody cross-reacted 

immunologically with various human fetal and adult organs like 

heart, liver, brain, kidney and muscle {Fig.24 and 25). 

DISCUSSION 

A soluble (3 -galactoside-binding protein has been 

purified from human placenta according to Hirabayashi and 



Fig.22. 

Central 

The class of immunoglobulins 

of f3 -galactoside-binding 

protein antibody. 

Details are described in the text. 

\'I ell : f3 -Galactoside-binding protein 

1 . JSA-Sepharose eluate • 
2 . Protein A-Sepharose eluate . 
3 . Unbound antiserum. . 



Fig.23. Immunological cross reactivity of 

13-galactoside-binding protein_ antibody.· 

Central Well : 11-Galactoside-binding 

protein antibody •. 

1 : f3 -Galactosidase A 

2 : f3 -Galactosidase B 

3 : Bovine heart 8 -galactoside­

binding protein. 



Fig.24. Immunological cross reactivit~ of 

8-galactoside-binding protein from 

various human fetal organs. 

Details are described in the text. 

Central Well: 8-Galactoside-binding 

protein antibody. 

1 : Placenta 

2 . Skeletal muscle • 
3 . Brain . 
4 : Liver 

5 . Heart . 



Fig.25. Immunological cross reactivity of 

0-galactoside-binding protein from 

various human adult organs. 

Details are described in the text. 

Central Well .. 0-Galactoside-binding protein • 
antibody. 

1 . Placenta • 
2 . Kidney . 
3 . Brain . 
4 . Liver • 
5 . Heart • 
6 . PBS,pH 7.4. . 
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Kasal (153) with modificafions. Specific extraction with 

lactose and affinity chromatography on asialofetuin­

Sepharose resulted in homogene'Ous protein. The finding that 

the lectin was not extractable with buffer alone but 

required lactose. It could be presumed that the lectin may 

remain attached to the oligosaccharide chains of the,.· 

glycoconjugates on the membrane and lactose replaced them 

during extraction process. 
1. 

The protein migrates on SDS-polyacrylamide gels as 

a monomer with an apparent molecular weight of 13.4 kDa. 

The molecular weight of the native lectin determined by 

gel filtration on Biogel P-100 was found to be 26.9 kDa. 

The placental 8-galactoside-binding protein may be a dimer. 

The subunit molecul,ar weight of the protein was quite similar 

to that of other animal ~-galactoside-binding proteins which 

exhibit subunit molecular weight in the range of 13-16 kDa 

(109, 110). Higher molecular weight forms were not observed in 

the present study. In this respect it is different from 

bovine heart and brain lE?ctin, which were reported to 

have higher molecular weight forms than 27 kDa (209). 

The lectin agglutinated native calf, pig, rat, mice 

and rabbit erythrocy·tes. The trypsinized calf, pig, sheep, 

dog, rat, mice and rabbit erythrocytes were agglutinated 

but not that of goat. Trypsinized erythrocytes of all 

human. blood groups were also agglutinated. Calf heart 

B-galactoside-binding lectin was not bound to native or 
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trypsinized human erythrocytes and native rat erythrocytes (148). 

No glycohydrolase activity was associated _with the 

lectin. Human and rat lung lectins were also devoid of 

glycosidase and glycosyltransferase activity (221). The 

lectin was non mitogenic towards human lymphocytes. However, 

a prophylactic and therapeutic affect of a purified ~-galacto-

side-binding lectin from electric eel on experimental auto­

immune disease, myasthenia gravis was reported (234). 
r 

Kajikawa et al showed that human placenta lectin stimulates 

the production of tumor killing factor by murine macrophages 

(132), suggesting the possible involvement of this family 

of lectins in the immune system. 

The hemagglutination inhibition by a wide range of 

saccharides offered some in sight into the saccharide 

specificity of the lectin. As in most of the soluble 

a-galactoside-binding lectins, thiodigalactoside was the 

best inhibitor follov1ed by lactose. Galactopyranosylamine 

was a better inhibitor than Gal indicating that the amino 

group substitution at C-1 of Gal .is important in saccharide­

binding. Substitution at c_-1 of Gal with p-nitrophenol 

or methyl group also increased the affinity towards 

J3-galactoside-binding protein than free Gal. The concentration 

of inhibitory saccharide required for inhibition by Gal, 

galactosamine and GalNAc \vere of the similar order. This 

indicates that amino group substitution at C-2 of Gal is 

less stringent for binding. Axial hydroxyl group on C-4 

of Gal is a stereospecific requirement for binding since, 
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neither Glc, nor Man was an inhibitor. Melibiose and 

stachyose containing a common sequence GaloC1- 6Gal were 

found to inhibit B-galactoside-binding lectin at equal 

concentration. 

Fucose, which differs from Gal by the absence of 

c-6 OH group did not inhibit agglutination indicating the 

importance of C-6 hydroxyl group on Gal for binding. 

Hemagglutination inpibition studies reveals that placental 

~-galactoside-binding protein is specific for saccharides 

bearing terminal~-galactosides. Methyl B-D-galactopyranoside 

was slightly less effective inhibitor than its o(-anomer. 

Similar observation was also reported from several other 

soluble ~-galactoside-binding lectins (120,217,123). PNP­

~-D-galactopyranoside was also a less effective inhibitor 

than its ~-anomer. The lectin had no affinity towards 

N-acetyl neuraminic acid. Similar pattern of saccharide 

inhibition of hemagglutination was observed in most of the 

soluble, animal 13-galactoside-binding lectin {120,217,123). 

The agglutination of trypsinized human erythrocytes require 

six-fold higher concentration of lectin as compared to that 

of rabbit cells. It may be due to the lower affinity of the 

lectin to human cells relative to rabbit cells. 

Placental B-galactoside-binding protein was found 

to contain one free-SH group. The lectin was stable in the 

presence of exogenous thiols indicating that the free~H 

group is essential for its hemagglutination and oligosaccharide­

binding activity. Whitney et al suggested that some of the 
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thiol groups must remain in their reduced form to maintain 

the activity of rat lung B-galactoside-binding lectin. The 

loss of activity is probably due to conformational changes 

resulting in a more compact and not due to a direct critical 

function of a Cys residue at the carbohydrate binding site (223) • 

Amino acid composition of human placenta lectin is 

quite similar with that of the ~-galactoside-binding lectins 

from various other animal sources (116,214,221), but differed 

from that of rat lung lectins (220) • Amino acid analysis 

showed high content of Ala and Gly. Tryptophan residue could 

not be detected in placental ~-galactoside-binding protein. 

Similar observation has been made by Hirabayashi and Kasai 

(153). Most of the soluble 1.3-galactoside-binding lectins 

reported to contain at least one Trp residue. The presence 

of three Tyr residues in placental lectin is confirmed by 

amino acid analysis. The amino group of theN-terminal amino 

acid His was not blocked. The amino group of the N-terminal 

amino acid of chick 14 kDa lectin was blocked (225). 

Drickamer have reported the presence of blocked N-terminal 

amino acid in asialoglycoprotein receptor of chick (227). 

N-terminal amino acid sequence of placental B-galactoside­

binding protein \-Ta$ found to be 'His-Pro-Ala-Pro-Tyr-Phe- 1 • 

Total carbohydrate content estimated by phenol 

sulphuric acid method with Gal as standard was found to be 

16.7%. Powell reported the presence of carbohydrate in 

soluble human and rat lung $-galactoside-binding lectLn (221). 
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The electrolectin was found to contain 2.2% carbohydrate (116). 

Purified Xenopus laevis contains about 20% saccharides (123). 

The carbohydrate composition of human hepatic lectin 

resembles that of A subunit of the rabbit lectin (235,236). 

Chemical modification of various amino acids were 

undertaken to differentiate those involved at the binding 

site. The results of chemical modification shows the presence 

of Lys His and Arg at the saccharide-binding site. Modi-

fication in the presence of specific sugar, lactose, protected 

the lectin from inactivation. Cysteine residue also 

contributed for the activity as the selective modification 

resulted in complete loss of hemagglutination activity. 

Complete loss of hemagglutination activitywas observed 

when Cys residue was modified with pHMB (10-4M) and 

NEM (10-2M). A difference in sensitivity to pHMB and NEM 

has also been observed with chick 14 kDa and rat lung 

soluble 13-galactoside-binding lectin {214,223). Alkylation 

of native rat lung lectin with iodoacetate causes substantial 

loss of activity. In contrast, alkylation with iodoacetamide 

yields, fully active derivative, stable to atmospheric 

oxygen in the absence of disulphide reducing agents (223). 

Oxidation of the oligosaccharide chains with 

periodate had complete inhibitory effect. Treatment of the 

lectin with a mixture of sodium metaperiodate and sodium 

cyanoborohydride results in the oxidation of carbohydrate 

chains and the reduction of the aldehyde to primary alcohols, 

mi~imizing the Schiff's base formation between the aldehyde 
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and amino groups in the protein and non-specific oxidation 

of amino acids.· The modified lectin had lost hemagglutination 

activity, indicating the importance of saccharide chains 

for the activity. 

Affinity chromatography on various immobilized 

lectins were used to elucidate the nature of the oligo-

saccharide chains of the B-galactoside-binding protein. 

The results of lect~n-Sepharose affinity chromatography 

does not necessarily suggest the presence of terminal 

oC-linked Gal residues in placental lectin. 

The association constant calculated for lactose by 

3 ..;1 
equilibrium dialysis was Ka=9.4x10 M • The association 

constant, Ka=4.3xl0 7M-l for MeUmb-(3-Gal was obtained by 

fluorescence quenching studies. However, the results 

of equilibrium dialysis as well as fluorescence quenching 

clearly showed only t\"'O sugar binding siter per 27 kDa lectin. 

Polyclonal antibody was raised against~-galactoside­

binding protein in rabbits. Chromatography of the 

antibody on IgA-specific JSA-S~pharose followed by IgG­

specific Protein A-Sepharose were carried out to determine 

the class of immunoqlobulins •. JSA-Sepharose eluate only 

cross reacted with r.,-galactoside-binding protein indicating 

that the antibody belonged to IgA class of immunoglobulins. 

No inhibition of hemagglutination activity was observed with 

lectin-antibody complex, indicating that the antigenic 

and binding sites were situated at different regions of the 

polypeptide. Beyer et al reported the inhibition of 
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hemagglutination activity of chick liver and embryonic 

muscle lectin in the presence of antiserum raised against 

the pure liver lectin (212). The antibody cross~reacted 

immunologically with purified bovine heart ~-galactoside­

binding lectin indicating the presence of common structural 

determinants in these lectins. Immunological cross-reaction 

of antiserum raised against purified bovine heart f.3-galactoside­

binding lectin with 14.5 and 29 kDa rat lectins was reported 
1 

by Cerra et al (220). Several other ~-galactoside-binding 

lectins from phylogenetically distinct species cross-react 

immunologically. The finding of conservation of an antigenic 

structure through evolution together with the common features 

displayed by soluble 13-galactoside-binding lectins can possibly 

be viewed as manifestations of the important physiological 

function(s) of these proteins. 

The antibody cross-reacted with placental a-galactosidase 

A and B, indicating the presence of homologous sequence 

regions in both enzyme and lectin. The antibody also 

cross-reacted immunologically with similar lectins from 

various human fetal and adult organs indicating the close 

relationship among these groups of lectins. 

• • • 



CHAPTER - IV 

GENERAL DISCUSSION AND SUMMARY 
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GENERAL DISCUSSION 

Acid 13 -galactosidase is a lysosomal hydrolase which 

is involved in the catabolism of galactoglycoconjugates. 

The absence or deficiency of acid 13-galactosidase leads to 

the lysosomal storage disease GM1 gangliosidosis (139). 

The enzyme has been purified to apparent homogeneity from 

various animal sources and has been characterized with 

regard to substrate specificity, number of forms and their 

physicochemical characteristics (133-137). The wide spread 

occurrence and broad substrate specificity of acid 13-galacto""!' 

sidases in mammalian organs is probably related to the 

multiple physiological functions of the enzyme. There are 

scanty reports on the structural studies of lysosomal acid 

hydrolases. Structural comparison of the binding-sites 

of the enzyme and lectin acting on 13-galactosides deserves 

attention. The exact biological functions of the lectins 

is not known. Lectins have become invaluable tool in 

biological.and medical research in diverse fields. The 

present study involved detailed structural and immunological 

studies on ~-galactosidase and e-galactoside-binding protein 

of human placenta, an useful hospital waste material. 

Two forms of acid B-galactosidase were separated 

and purified to homogeneity from human placenta by Saraija 

and Basu using a four step· procedure involving (1) Con A­

Sepharose affinity chromatography (ii) gel filtration on 

Sephadex G-200 (iii) ion exchange chromatography on DEAE-
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Sephadex A-SO and (iv} affinity chromatography on mercurial­

Sepharose CL-4B (152}. This method of purification has 

been modified considering the low recovery and stability. 

A second Con A-5epharose affinity chromatography after 

DEAE-5ephadex A-50 ion exchange chromatography of both forms 

resulted in purified enzyme with higher yield. 

The purified enzyme was homogenous as revealed by 

polyacrylamide gel electrophoresis at pH 8.3. Molecular 

weight of ~-galactosidase determined by gel filtration was 

500,000 for A-form and 100,000 for B-form. Two forms of 

acid 13-galactosidase have been reported from other organs 

(178,180). Recently, in addition to the two forms, a 

dimeric form of acid8-galactosidase was reported to be 

present in purified preparations (95,184). In SDS-poly­

acrylamide gel electrophoresis., A-form was dissociated into 

two major bands with apparent molecular weight of Mr .=68 k:Da 

and 27 kDa, whereas B-form showed a single subunit of 

Mr.=68 kDa (Fig.6,7). The data suggested that both A and 

B-forms of the enzyme may have a common subunit. 

Galacto-1-deoxynojirimycin found to be a good 

inhibitor of 13-galactosidase A and B. Dixon plot revealed 

competitive nature of the inhibition with an inhibition 

-5 . -5 . " constant, Ki=1.25x10 M for A-form and l.4x10 M for B-form 

(Fig.6,9). The inhibition of the enzyme by galacto-1-

deoxynojirimycin is significant because most of the available 

substrate analogues were found to be weak inhibi to~,s. 
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Galactose (10-1M) also inhibited both forms of the enzyme. 

Amino group substitution at carbon-1 of galactose increased 

its inhibitory capacity. 

Beta-galactosidase A and B had 15 and 14 tryptophan 

residues respectively according to the method of savige 

and Fontana (169). Tyrosine quantitated with N-acetylimi­

dazole (162) showed 48 and 11 residues in A and B-forms 

respectively. 

In the present study an attempt has been made to 

identify the amino acids at the catalytic site of placental 

acid B-galactosidase. The chemical modification studies 

indicated the presence of tryptophan and arginine at the 

catalytic site as the specific modification of these residues 
, 

completely inactivated the enzyme. Cysteine residues had 

contributed for enzymic activity as the selective modification 

decreased the activity. Amino group modification suggested 

their indespensability. No significant difference was 

observed between the effect of chemical modification of 

" A and B-forms of the enzyme. 

Treatment of the enzyme with a mixture of sodium 

metaperiodate and sodium cyanoborohydride resulted in the 

· oxidative cleavage of the oligosaccharides and the reduction 

of the aldehyde groups to primary alcohols, minimizing 

the Schiff's base formation between the aldehyde groups 

and the amino groups in the protein and non-specific 

oxidation of amino acids. Both forms of the modif~ed enzyme 
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completely lost their activity indicating the importance 

of the oligosaccharides in the biological activity. 

Affinity chromatography of (3 -galactosidase A and B 

on various immobilized lectins indicated the presence of 

high mannose, hybrid and complex-type of oligosaccharides. 

Enzyme bound to Con A-5epharose could be eluted with lOmM 

hapten sugar revealing the presence of complex biantennary 

oligosaccharides. Major portion of the enzymic activity 

was esluted with SOOrnM hapten indicating the presence of 

high mannose and hybrid-type oligosaccharides. Twenty to 

thirty percent of the applied ~-galactosidase A and B 

activities were bound to WGA-5epharose. The bound form 

predominantly contain~d hybrid and complex-type where; as 

the unbound form was of high mannose-type. Polyacrylamide . 

gel electrophoresis at pH 8.3 of the bound and unbound form 

of the enzyme showed similar electrophoretic mobilities. 

Different electrophoretic mobilities of WGA-bound and unbound 

fractions of human liver acid ~-galactosidase was reported 

by Heyworth and Wynn (206). 20% Band 50% A-forms were bound 

to RCA-5epharose. Affinity chromatography on RCA-Sepharose 

also revealed the presence of hybrid and complex-type of 

oligosaccharides in the bOund form. Human liver 13 -galactosidase 

was also separated into two forms by affinity chromatography· 

on immobilized RCAI & viGA (207). Either form of the enzyme 

did not bind to JSA-Sepharose. 

The N-terminal amino acid sequence of B-galaqtosidase B 

was found to be • Leu-ser-ser-Lys-Val-His- •. The N-terminal 
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amino acid sequence analysis of A-form showed two peaks. 

The subunits isolated by SDS-PAGE indicated the N-terminal 

sequence 'Leu-Ala-• for kDa subunit and 'Tyr-Met•- for the 

27 kDa subunit. 

Polyclonal antibody was raised in rabbit against 

a-galactosidase A. The antiserum was chromatographed on 

IgA-specific JSA-Sepharose followed by lgG-specific protein 

A-5epharose to determine the immunoglobulin class. The 

antiserum was retained only on JSA-sepharose column 

indicating that the antibody belonged to lgA class of 

immunoglobulins. The enzyme-antibody complex retained enzymic 

activity demonstrating that the antigenic and catalytic 

sites were situated at different regions of the polypeptide. 

A and B-forms of the enzyme were found to be immunologically 

identical. Immunological identity has also been reported 

for the two forms of human liver acid ;.3-galactosidase (134). 

The antibody cross-reacted with similar enzymes from various 

human fetal and adult organs. 

A soluble O-galactoside-binding protein has been 

purified from h~~1an placenta according to Hirabayashi and 

Kasai with modifications (153). Major steps of purification 

involved specific extraction with lactose and affinity 

chromatograph on asialofetuin-Sepharose column and resulted ' 

in homogenous protein. The finding that the lectin was not 

extractable with buffer alone but required lactose suggests 

that the lectin may remain attached to the oligosaccharide 

chains of the glycoconjugates on the membrane and lactose 
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replaces it during the extraction process. 

The protein migrates on SDS-polyacrylamide gels as a 

monomer with an apparent molecular weight, Mr.=13.4 kDa. 

The molecular weight of the native lectin determined by gel 

filtration was found to be 26.9 kDa. Higher molecular 

weight forms than 27 kDa was not observed for the placental 

~-galactoside-binding protein. In this respect it is different 

from bovine heart and bLain lectin which are reported to 

have higher molecular weight forms than 27 kDa (209) • 

The lectin agglutinated native calf, pig, rat, mice 

and rabbit erythrocytes. Trypsinized calf, pig, sheep, dog, 

rat, mice and rabbit erythrocytes were agglutinated but not 

that of goat. Trypsinized erythrocytes of all human blood 

groups were also agglutinated. Calf heart J3-galactoside­

binding lectin was not bound to normal or trypsinized human 

erythrocytes and normal rat erythrocytes (148). 

No glycohydrolase activity was associated with the 

lectin. Human and rat lung lectins were also devoid of 

glycosidase and glycosyltransferase activity (221). The 

lectin was non-mitogenic to,vards human lymphocytes. However, 

a prophylactic and therapeutic effect of a purifiedB-galacto-

side-binding lectin from electric eel on experimental 

autoimmune disease myasthenia gravis was reported (234). 

Kajikawa et al showed that human placenta lectin stimulates 

the production of tumour killing factors by murine macrophages 

(132), suggesting the possible involvement of this tamily of 

lectins in the immune system. 



Hemagglutination inhibition by a wide range of 

saccharides offered some insight into the saccharide 
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specificity of the lectin (Table 6). Thiodigalactoside was 

the best inhibitor followed by lactose. Galactopyranosylamine 

was a better inhibitor than galactose indicating that the 

amino group substitution at C-1 of galactose is important 

in saccharide-binding. Substitution at c-1 of galactose 

with p-nitrophenol or methyl group also increased the affinity 

towards e-galactoside-binding protein than free galactose. 

The concentration of inhibitory saccharide required for the 

inhibition by galactose, galactosamine and N-acetyl-D-galacto­

samine were of similar order. This indicated that amino group 

substitution at C-2 of galactose is less stringent for 

binding. Axial hydroxyl group on C-4 of galactose is a 

stereospecific requirement for binding, since neither, glucose 

nor mannose was an inhibitor. 

Fucose, 6-deoxygalactose, did not inhibit agglutination 

indicating the importance of C-6 OH group on galactose for 

binding. Hemagglutination inhibition studies reveals that 

placental (3-galactos ide-binding protein is specific f.or 

saccharides bearing terminal B-galactosides. Similar pattern 

of saccharide inhibition of hemagglutination was also 

i. reported from several other solube .,~-galactoside-binding 

lectins (120,217,221). The agglutination of trypsinized 

human erythrocytes required six fold higher concentration of 

protein as compared to that of rabbit cells. It may be due 

to the lower affinity of the lectin to human cells relative to 

rabbit cells. 
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Placental f3 -galactoside-binding protein was found to 

contain one free-SH group. The lectin was stable in the 

presence of exogenous thiols, absence of exogenous thiols 

leads to gradual loss of hemagglutination activity indicating 

that the free-SH group is essential for its activity. Absence 

of exogenous thils leads to gradual loss of hemagglutination 

activity. Whiteny et al suggested that some of the thiol 

groups must r~nain in their reduced form to maintain the 

activity of rat lung J3-galactoside-binding lectin. The loss 

of activity is probably a result of conformation changes, 

resulting in more compact structure and not due to a direct 

critical function of cysteine residue at the carbohydrate 

binding-site (223). 

Amino acid composition of human placental lectin is 

quite similar with that of the ~-galactoside-binding lectins. 

from various other animal sources (116,214,221). Amino acid 

analysis showed high content of alanine and glycine. 

Tryptophan residue could not be detected. Similar observation 

has been made by Hirabayashi and Kasal {153). The presence 

of 3 tyrosine residues in placental lectin was confirmed by 

amino acid analysis. The amino group of the N-terminal amino 

acid histidine was not blocked. The amino group of the 

N-terminal amino acid of dlick lectin was blocked (225). 

Drickamer has reported the presence of blocked N-terminal 

amino acid in asialoglycoprotein receptor of chick (227). 

N-terminal amino acid sequence of placental 13 -galactoside 

binding protein was found. to be 'His-Pro-Ala-Pro-Tyr-Phe-•. 
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Total carbohydrate content estimated by phenol 

sulphuric acid method with galactose as standard was found 

to be 16.7%. Powell reported the presence of carbohydrate 

in human and rat lung soluble {3-galactoside-binding lectins 

(221). Electrolectin was found to contain 2.2% carbohydrate 

(116). Purified Xenopus laevis lectin contains about 20% 

saccharides (123). 

Chemical modification of various amino acids were 

undertaken to differentiate those involved at the active 

site. The result of chemical modification showed the presence 

of lysine, histidine and arginine at the saccharide-binding 

site. Cysteine residue also contributed for the activity 

as its selective modification resulted in complete loss of 

hemagglutination activity. 

Oxidation of the oligosaccharide chains with periodate 

had complete inhibitory effect. Treatment of the lectin 

with a mixture of sodium metaperiodate and sodium cyanoboro­

hydride also resulted in complete loss of hemagglutination 

activity indicating the importance of oligosaccharide chains 

in the glycoprotein lectin for binding to specific sugars. · 

Native lectin did not bind to immobilized ConA, WGA, 

RCA and vJBA. But it could bind to JSA-Sepharose. The result 

does not necessarily suggest the presence of terminal~-linked 

galactose residues in placental lectin. 

The association constant calculated for lactose by 

equilibrium dialysis was, Ka=9.4x103M-l (Fig.19). The 
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fluorescence of MeUmb-~-D-Gal was progressively quenched 

by the successive additions of G-galactoside-b~nding protein 

(Fig .20). . 7 -1 The assoc1ation constant, Ka=4.3xl0 M for 

MeUmb-/3-D-Gal was obtained by fluorescence quenching studies 

(Fig.21). However, the results of equilibrium dialysis as 

well as fluorescence quenching clearly showed only two 

sugar binding sites per 27 kDa lectin. 

Polyclonal antibody was raised against a-galactoside-

binding protein in rabbits. The immunoglobulin class of 

the antiserum was determined by sequential chromatography 

on lgA-specific JSA-Sepharose and lgG-specific protein 

A-Sepharose. The antiserum eluted from JSA-Sepharose only 

cross reacted with B-galactoside-binding protein indicating 

that the antibody belonged to lgA class of immunoglobulins. 

No inhibition of hemagglutination activity was observed with 

lectin-antibody complex indicating that the antigenic anq 

binding sites were situated at different regions of the 

polypeptide. Beyer et al reported the inhibition of hemaggluti-

nation activity of chick liver and embryonic muscle lectin 

in the presence of antiserum raised against the pure liver 

lectin (212). The antibody cross reacted immunologically 

'tilith·puJ;ified bovine heart (3-galactoside-binding lectin 

indicating the presence of common structural determinants 

in these lectins. Several other B-galactoside-binding lectins 

from phylogenetically distinct species cross-react immuno­

logically (210~213). The finding of conservation of~an 

antigenic structure through evolution together with common 
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features displayed by soluble B-galactoside-binding lectins 

can possibly be viewed as manifestations of the important 

physiological function(s) of these proteins. 

The antibody cross-reacted with placental B-galacto­

s!dase A and B indicating the presence of homologous sequence 

regions in both enzyme and lectin. The antibody also cross­

reacted immunologically with similar lectins from various 

human fetal and adult organs indicating the close relationship 

among these groups of lectins. 

• • • 



SUMMARY 

• 
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SUMMARY 

Two forms of acid (.3-galactosidase were separated and 

purified to homogeneity from human placenta using a modified 

four step procedure involving (i) Con A-Sepharose affinity 

chromatography, (ii) gel filtration on Sephadex G-200, 

(iii) ion exchange chromatography on DEAE-sephadex A-50 

and (iv) second Con A-sepharose affinity chromatography 

after DEAE-Sephadex A-50 ion exchange chromatography of 

both forms. This resulted in higher yield and s-t;ability of 

both the forms of (3-galactosidase. Purified enzymes showed 

single band on polyacrylamide gel electrophoresis. In 

SDS-PAGE A-form was dissociated into two bands with 

Mr.=68 and 27 kDa, where as B-form showed a single subunit 

corresponding to ~tr.=68 Y~a. 

Galacto-1-deoxynojirimycin was found to be a competitive 

inhibitor with an inhibition constant, Ki=1.4x10-5M for 

B-form and 1.25xl0-5M for A-form. Amino group substitution 

at carbon-1 of galactose increased its inhifrrtory capacity. 

A and B-forms had 15,14 tryptophan and 48,11 tyrosine residues 

respectively. The chemical moc1ification studies indicated 

the presence of lysine, tryptophan and arginine at the 

catalytic site. Cysteine residues had contributed for the 

activity. Both the forms lost their activity when the 

oligosaccharide chains were modified. Both forms of the 

enzyme were fully retained on Con A-Seph~rose. A portion 
/~ 

of the bound enzyme could be eluted with 10~1~-methyl 
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mannopyranoside showing the presence of complex biantennary 

oligosaccharides. Elution of the major portion of the enzyme 

with SOOmM-oC-methyl mannopyranoside revealed the presence 

of high mannose and hybrid-type oligosaccharides. 20% to 30% 

of the applied ~-galactosidase A and B activities were bound 

to WGA-Sepharose. 20% of B-form and 50% of A-form were bound 

to RCA-Sepharose. Affinity chromatography on WGA and RCA 

showed that the bound form predominantly contained hybrid 

and complex-type oligosaccharides, while the unbound forms 

were of high mannose-type. 

The N-terrninal amino acid sequence of B-galactosidase 

B~was found to be 'Leu-Ser-Ser-Lys-Val-His'-. The two 

subunits of A-form isolated by SDS-PAGE contained the 

sequences 'Leu-Ala'- and 'Tyr-Met- 1 at the N-terminal in the 

68 kDa and 27 k.Da subunits respectively. 

Polyclonal antibody was raised in rabbit against 

e-galactosidase A, belonged to lgA class. The antigenic and 

catalytic sites were situated at different regions of the 

polypeptides. The antibody cross-reacted with B-form as do 

similar enzymes from other adult and developing human organs. 

A soluble S-galactoside-binding protein was isolated 

from human placenta. Major steps of purification involved 

specific extraction with lactose and affinity chromatography 

on asialofetuin-Sepharose. The purified @-galactoside-binding­

protein showed a single band on PAGE. It was-found to be 

a dimer of 13.5 kDa subunits. The agglutination of •trypsiniz.ed 
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human erythrocytes required higher concentration of lectin 

than that of rabbit cells. No glycohydrolase activity was 

associated with the lectin. This lectin is non mitogenic 

to human lymp?ocytes. Thiodigalactoside was the best 

inhibitor followed by lactose. Galactose aminated at 

!-position was a better inhibitor than galactose. Axial 

hydroxyl group on C-4 of galactose is a stereospecific 

requirement for binding as neither glucose nor mannose was 

an inhibitor. Fucose did not inhibit agglutination 

indicating the importance of C-6 OH group on galactose for 

binding. 

The lectin was found to contain one free•SH group. 

Amino acid analysis showed high content of alanine and 

glycine. Tryptophan residue could not be detected. N-terminal 

amino acid sequence was found to be 1 His-Pro-Ala-Pro-Tyr-Phe'-

Chemical modification studies .indicated the presence of 

lysine, histidine and arginine at the saccharide binding site. 

Cysteine residue also contributed for the affinity of 

saccharides. The carbohydrate content was found to be 16.7"/o 

Oxidation of the oligosaccharide chains with periodate 

and with a mixture of sodium metaperiodate and sodium 

cyanoborohydride resulted in complete loss of hemagglutination 

activity. The lectin did not bind to immobilized Con A, 

WGA, RCA, and HBA, but it did bind to JSA. 

The association constant for lactose by equilibrium 

3 -1 dialysis was found to be Ka=9.4x10 M • The fluorescence 
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of MeUmb-('3-D-Gal was progressively quenched by the successive 

additions of the lectin. The association constru1t, 

7 -1 Ka=4.3xl0 M for MeUmb-(3-D-Gal was obtained by fluorescence 

quenching studies. Hov;ever, both the methods shmved only 

two sugar binding sites per 27 kDa lectin. 

Polyclonal antibody raised in rabbits against the 

lectin also belonged to lgA class of immunoglobulins. 

Hemagglutination activity \vas exhibited by lectin-antibody 

complex. The antibody cross-reacted \vith purified bovine 

heart a-galactoside-binding lectin. Immunological cross-

reaction was also observed against both the forms of 

placental 13-galactosidase. The antibody cross-reacted 

immunologically vlith similar lectins from various human 

adult and fetal organs. 

• •• 
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INTRODUCTION 

The process of degradation of cellular constituents is 

one of the main features in maintenance of the •steady state'• 

Enzymes capable of cleaving various linkages found ~n glyco­

proteins are primarily localized in lysosomes (1). They exhibit 

optimum activity in acidic medium. Lysosomal storage diseases 

are inborn errors of metabolism due to deficiencies of one or 

more of these hydrolytic enzymes (2). Lysosomal acid hydro­

lases are glycoproteins. The glycoproteins contain carbo­

hydrate residues covalently linked by either N- or a-glycosidic 

bond to the polypeptide chains. The f.ormer type involve 

N-acetylglucosamine linked to asparagine. They contain a common 

pentasaccharide core to which additional saccharides are 

attached to form high mannose, hybrid and complex-type units. 

Oligosaccharide chains in a-glycosidic linkage are attached 

through N-accetylgalactosamine to the hydroxyl group of serine 

or threonine. Other less common type of 0-glycosidic linkages 

are also distributed in many polymers (3). N-glycosidic linked 

oligosaccharides are synthesized by the sequential addition 

of sugars to a carrier lipid, dolichol phosphate. Lipid-linked 

oligosaccharide intermediate transferred en bloc to a nascent 

polypeptide chain attached to ribosomes. Processing of the 

oligosaccharides occurs by trimming reactions in concert with 

the addition of peripheral sugars. The synthesis of a-glycosidic 

chains appears to occur .almost entirely by a sequence of classical 

glycosyltransfer reactions namely via sugar nucleotide pathway. 

Different molecules of the same glycoprotein vary in~ize and 

composition of their carbohydrate units, a phenomenon known as 
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r~·microheterogeneity. The degradation of glycoproteins may be 
' '\ , I 

\' initiated by the action of either proteolytic enzymes or 

• ;_ glycosidaaes in the lysosomes. Mammalian f1-galactosidase 
• (EC.3.2.1.23) c,atalyze the hydrolysis of terminal 11 ~galactoside 

linkages of glycoconjugates. The acid 11 -galactosidase is 

believed to be of lysosomal origin. Acid B-galactosidase 

hydrolyzed GM1 ganglioside in the presence of an activator 

protein (4). The wide spread occurence and broad substrate 

specificity of acid f1-galactosidase is probably related to the 

multiple physiological functions of the. enzyme. 

Lectins are divalent or multivalent carbohydrate binding 

proteins of non-immune origin, grouped together because they 

all agglutinate erythrocytes. Specificity requirement of 

individual lectin reveals a wide range of variations with respect 

to configurations and substitution patterns at different carbon 

atoms of the monosaccharides. Vertebrate lectins are subdivided 

into two classes (a) integral membrane lectins, which require 

detergents for solubillzation and ca2+ for the activity and 

(b) soluble lectins (5). The soluble lectins are extractable 

with lactose and are specifically inhibited by n -galactoside 

containing saccharides. Despite their diverse origin they 

consist of dimer or oligomers of Mr.•l3-16 kDa subunits with 

similar saccharide specificity and extensive sequence homologies. 

They cross react immunologically and require a reducing agent 

to maintain their activity. The biological function of these 

soluble.f3-galactoside-binding lectins has not been established. 
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AIMS AND OBJECTIVES 

Mammalian f3-ga1actosidase (EC 3.2.1.23) exist~<li in 
l t 

multiple forms and kinetic studies with synthetic and natural 

substrates have been reported (7,8). Occurrence of an inborn 

error of metabolism, GM1-gangliosidosis and its clinical 

variants due to the deficiency of the acid f3-galactosidase had 

increased the interest in this field (9). Detailed structural 

studies of this protein would help in understanding its 

structure-function relationship. Evaluation of the oligosaccha­

ride s~ructure will add information towards the role of 

glycosylation in glycoproteins~ The structural comparison of 

the binding sites of the enzyme and lectin acting on f3 -galacto­

sides deserves attention. Much effort has been invested in 

search for applications of lectins. As a result, lectins have 

become invaluable tool in biological and medical research in 

diverse fields. They continue to be the focus of intense 

interest in their own right. Recently, it was suggested that 

the galactoside-binding lectins are involved in the immune 

system (10). The objective of the present study is to under­

take structural studies on acid f3 -galactosidase and f3-galactoside 

binding protein.of human placenta, an useful hospital waste 

material. 

RESULTS AND DISCUSSION 

Two forms of acid f3-galactosidase were separated and 

purified to homogeneity from human placenta using a four step 
' ' 

procedure involving: (1) Con A-Sepharose affinity chromatography, 
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(2) gel filtration on Sephadex G-200, (3) ion exchange 

chromatography on DEAE-sephadex A-50 and (4) affinity chroma­

tography on mercurial- Sepharose CL-4B(11). This method of 

purification was modified considering the low recovery and 

stability. A second ConA-sepharose affinity chromatography 

after DEAE-sephadex A-50 ion exchange chromatography of both 

forms resulted in purified en~yme with higher yield. The 

purified enzyme was homogeneous as revealed by P~9E at pH 8.3. 

In SDS-PAGE A-form was dissociated in to two bands with 

Mr.•68 kDa and 27 kDa where as B-form showed a single subunit 

corresponding to Mr.=68 kDa. 

Galacto-1-deoxynojirimycin was found to be a competitive 

inhibitor with an inhibition constant (Ki) of 1.4x10-5M and 

1.25x10-5M for B and A-forms respectively. This is of sign!-

ficance because a wide range of substrate analogues were weak 

inhibitors of 0-galactosidase. Amino group substitution at 

carbon-1 of galactose increased its inhibitory capacity. The 

chemical modification of amino acids were utilized for those 

'involved at the catalytic site (12-15). It has been observed 

that tryptophan and arginine were involved. Cysteine residues 

were necessary for the activity. Both the forms lost their 

activity when the oligosaccharide chains were modified. Beta­

galactosidase A and B are glycoproteins containing 7.5% and 

6% carbohydrates respectively. Immobilized lectins permit 

rapid, sensitive and specific separation of closely related 

variants of glycoproteins differing in their glycosylatj.on 

patterns (16,17). Affinity chromatography on various lectins 

were employed for analyzing the Asn-linked oligosaccharides 
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of 8-galactosidase A and a. Enzyme bound to ConA-sepharose 

could be eluted with lOmM U-methyl mannopyranoside revealed 

the presence of complex biantennary oligosaccharides. Elution 

of the major portion of the enzyme protein with SOOmM 

~-methyl mannopyranoside revealed the presence of high mannose and 

hybrid-type oligosaccharides. 20 to 30% of the applied 

8-galactosidase A and B activities were bound to WGA-sepharose. 

The bound form predominantly contained hybrid and complex-

type oligosacchares where as the unbound form was of high 

mannose-type. 20% B and 50% A-forms were bound to RCA-

Sepharose, indicated the presence of hybrid and complex-type 

oligosaccharides in the bound form. 

· N-terminal amino acid sequence was analyzed by dansyl­

Edman degradation {18). TheN-terminal amino acid sequence 

of a-form was 'Leu-ser-ser-Lys-val-His-•. N-terminal amino 

acid sequence analysis of A-form showed two peaks. The 

subunits isolated by SDS-PAGE indicated the sequence 'Leu-Ala-• 

at the N-terminal of 68 kDa subunit and that of 27 kDa 

subunit was 'Tyr-Met•. 

Polyclonal antibody was raised in rabbit for f3 -galacto­

sidase A. The antiserum was retained on IgA specific JSA­

Sepharose indicating that the antibody belonged to IgA class 

(19). The antigenic and catalytic sites were situated at 

different sites of the polypeptide chains. The antibody cross 

reacted with a-form as well as the similar enzymes from other 

adult and developing human organs. 

Galactose-binding protein was isolated from human 
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placenta according to Hirabayashi and Kasai (20) with 

modifications. Major steps of purification involved specific 

extraction with lactose and affinity chromatography on 

asialofetuin-sepharose. The purified f3 -galactoside-binding 
,. 

protein showed a single ban~ on PAGE at pH 8.3. It was 

found to be a dimer of 13.5 kDa subunits. The agglutination 

of trypsinized human erythrocytes required higher concentration 

of lectin when compared to that of rabbit cells. No glyco­

hydrolase activity was associated with the lectin. This 

lectin is non-mitogenic to human lymphocytes. Hemagglutination 

inhibition by a wide range of saccharides offered some 

insight into the saccharide specificity of the lectin. 

Thiodigalactoside was the best inhibitor followed by lactose. 

Galactopyranosylamine was a better inhibitor than galactosamine 

and galactose. This indicated the importance of c-1 amino 

group substitution for binding. Axial hydroxyl group on c-4 

is a stereospecific requirement for binding as glucose or 

mannose did not inhibit. Fucose did not inhibit agglutination 

indicating the requirement of c-6 hydroxyl group in binding. 

The lectin was found to contain one free SH-group. 

Amino acid analysis showed high content of alanine and 

glycine. Tryptophan residue could not be detected. The 

carbohydrate content was found to be 16.7%. The chemical 

modification of various amino acids indicated that arginine, 

lysine and histidine were involved at the saccharide binding 

sites. Cysteine residue also contributed towards the ~ffinity 

of saccharides. Oxidation of the oligosaccharide cha~ns resulted 

in complete loss of hemagglutination activity. Native lectin 
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did not bind to ConA, WGA and RCA, but it did bind to JSA. 

The result does not necessarily suggest the presence of 

terminal 0:-linked galactose residues in placental lectin. 

Association constant, Ka=9.4x10 3M-l of lactose was obtained 

by equilibrium dialysis. The association constant calculated 

by fluorescence quenching studies with MeUmb-B-gal was 

Ka•4.3x10 7M-1• However, both the methods showed only two 

sugar binding sites per 27 kDa lectin. The N-terminal amino 

acid sequence was found to be 'His-Pro-Ala-Pro-Tyr-Phe-•. 

Polyclonal antibody to the galactose-binding lectin 

raised in rabbits belonged to IgA class. Hemagglutination 

activity was exhibited by lectin-antibody complex. The 

antibody cross reacted with bovine heart galactose-binding 

lectin. Immunological cross reaction was also observed against 

both the forms of placental 8-galactosidase. The antibody 

cross reacted immunologically with similar lectin from various 

human adult and fetal organs. 
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