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ABSTRACT

A lectin isolated from the seeds of sainfoin (Onobrychis vicii-
folia, Scop. var Eski) was shown to be a glycoprotein containing 2.6% -
. neutral carbohydrate. ‘Gas-liquid chromatographic analysis of sugar
alditol acetates and amino acid analysis indicated the presence of
fucose, xylose, mannose, and glucosamine in molar ratio (to protein
monomer) l:1:2:2.

A glycopeptide accounting for 70% of the total carbohydrate was
isolated from pronase digests ‘of the lectin by gel filtration chroma-
tography. The molar composition of the glycopeptide was determined to

be: (SerlAslelxlThrlammonlalfuc?selxyloselmannosezglucosamlne2).

The proposed structure for the glycopeptide, based on sequence "
analysis, is:

H 2N—ser'—Asn—Glu—Thr—COOH
GlcNAc-GlcNAc-Man-Man-Xyl

Fuc




INTRODUCTION

In recent years many'profeins have been shown to possess side
chains of carbohydrate which are covaleptly bound to the protein, and
numerous reviews have appea;ed dealing with thg subject (1,2,3,4).
Previously, carbohydrate found in association with most protéins was
assumed to be an impurity, and measures were taken specifically Eo
separate it from thenprotein. Improved methods of isolaéion, purifi-
cation, and charactefization have demonstrated that mixed polymers of
suéars and amino acids are widely distributed in nature and participate
in a wide variety of biological processes. In fact, it has become evi-
dent in the pést ten years or so that the ﬁajority of proteins.contain
covalently bound carbohydrate and are classified as glycoproteins.

Glycoproteins can be simply defined as proteins containihg ééval—
ently attached carbohydrate.. Glycoproteins are widely distributed iﬁ
‘nature, occurring not only in vertebrate and invertebrate.systems, but
also in plants, unicellular organisms, and even viruses.

The known or presumed functions of glycoproteins are diverse,
spanning a wide range of vifal biological activities (2). Almost all
the proteins of plasma, with the notable exception'of albumin, confain
carbohydrate and fulfill such varied roles as transport, clotting, and
antibody activity. Various hormones have been identified'aé glyco-
proteins (4). An increaging number of proteins with enzyme activity,

including various hydrolases, oxidases, and transferases, have been
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reported to contain covalently bound éarbohydrate (5). They originate
from a large variety of tissues and from organisms throughout the
phylogenetic scale. The protective and lubricative roles of glycopro-
teins from epithelial secretions are well known. The members of the
collagen family are glycoproteins, and they, along with the proteogly-
cans and various soluble glyco?roteins, make up the bulk of the inter-
cellular matrix which provides structural support to multicellular
organisms.

But pérhaps the most intriguing group of glycoproteins‘now being
investigated are those found on the surfaces of cells. -‘Although iﬁ
mass:they are only minor constiéuents éf the plasﬁa ﬁembrane,.they are
important because they are responsible; at least in part, for communi-
cating the identify of the cell. Membrane élycoproteins can serve as
antigenic determinants, virus receptors, markers of cellular identity,
and appear to participate in cell—celi interactions. .

Until recently, it was not app?eciated that as a result of the
possibility to form a large number of diffegent structures: from a
small numbér of carbohydrate monomers, nature can use sugars for the
.synthesis of highly specific compounds that can act as carriers of
. biological information. ;t‘is well .accepted that the carbohydrate
. moeities of membrane glycoproteins are ideally suited for the.fofmé—
.tion of specificity detefminants that may be récognized by complemen-

tary structures on other cells or macromolecules.
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It has been shown that the specificity. of the major blood types
are determined by the sugars présent on the red cell surface (6). N-
acetylgalactosamine is the'immuno—determinant of blood type A, and
galactose of blood type B. Interestingly, enzymic removai bf specific '
glycosidaées of N—écetylgalacéosamine,from type A erythrocytes, or of
galactose from tfpe B erythrocytes will convert both to £§§e O eryth-
rocytes.

Another interesting example of cell sﬁrface specificity'is_£hé
so-called ;homing of lymphocytés" (7). In this phenomenoﬁ,.rat lympho-
‘cytes, injected into the rat.through its ‘tail, wil;.migraté to the
) spleen;' However, if pridr ﬁo injection the 1yﬁphocytes were‘tregted
with a specific glycoéidasé to‘remove L-fucose from theig sufface; the
lymphocytes migrated to the liver instead, as if the fucose on their
surf-ace.dictated to i:he lympf;ocytes their destination: |

An exciting.develobment in the study of'glycoproteins has been
the discovery of the role of carbohydrates on the cleafanée‘and-sur—
vival of glycoproteins in circulating blood, and their uptake by the
liver (8). It has been showﬁ‘that sialic acidAis essential for the
prolonged survival of most plasma glycopfoteins in the circulatioﬁ.
Even partial removal of the sialic acid residues presént results in
prompt. clearance of the glycoprotein by the  liver.- Galaétogé is very
.often the sugar pentultimate-to the siélic acid residues at the non-

reducing terminus. The rapid removal from circulation of the
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asialoglycoproteins was shown to depend upon the presence of non-
reducing unmodified terminal galactose regidues. These'obsérvations-
show that intact terminal galactose residues are required for recog-
nition by the plasma membrane of the liver cells.

It is.gow rather well accepted that alterations in sugar struc-
ture and architecture on cell surfaces‘are intimately connected with
the process of malignant transformation. This has.become an area of
intense activity because of the widespread interest in the study of
cancerous diseases. Some of the changes in cell surface structure can
be detected and studied by the use of plant agglutinins, called lectins.

Lectins are the largest single group of plant glycoproteins known
(9,10,11,12). They are predominantly glycoprotéins, although there
are a few notable exceptions, such as Concanava;in A and wheat germ
agglutinin which are simplg prbteins; Lectins are distinguished.as
a class bf their ability to preferentially bind‘certain specific
sugars or carbohydrate structures. . Since they characteristically
.contain multiple binding sites, due £§ their aggregated structure,
they are capable of causing agglutination of cells containing the
specific recepfor carbohydrate. Lectins are predominantly plant
~ glycoproteins, but they have now been shown to occur in snails and
fish (13,14,15,16) and recently in mammalian liver (17,18). These
céll_agglutinating and sugar specific proteins have been known since

the turn of the century but have only recently become the focus of
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intense interest in a large number of laboratories.. Lectins exhi?it a
.host of interesting and unusual chemical and biological properties..

Lectins can agglutinate erythrocytes, in somé cases with a very
high specificity and are sometimes utilized in Blood typing. and s£udy
of “the chemical structure of the blood grodp éubstances. They can spe-
cifically.bind and-precipitate polysaccharides and glycoproteins, and
are:finding Wide appligability in affinitf‘chromatography. Some lec- :
tins are'mitogeniq, tHat is;'they stimulate'the.conversioﬁ of ?esting
lymphocytes inté actively growing and dividing blastjlike'qells. Be- -
cauée of these and other propeftieé; lectins provide a useful tool ﬁbr
the s£udy of specific binding sites on protein molecules.. Because of
. their mitogenic activity, they are being used to étudy the biochemical

events occurring in the initiation of cell division. ' Most important,

however, ié their ability to preferentially agglutinate malignant cells

which has resulted in a growing use of lectins in investigatipg the
architec£ur¢ of cell surfaces and studying thé,changes which cells
unéergo upon transformatioﬁ to malignanpy.. .

The role of iectins, in nature, whéther~in plants or other organ-
.isms,.is still unknown. It has been sﬁggestedifhat:they function as'
'antibodies to counteract soil bacteria (19,20,21); that Fhey'serve‘to
prote&t plants against fungél attack by inhibiting fungal polysac-

charidases (22); that becaﬁse,of their affinity for sugars they are

involved in sugar transport and storage (9); that they serve for the
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attachment oflglycoprotein enzymes in organized multienzyme systems'.
(2); that £hey %re involved as atFachment sites'for symbiotic bacteria
(23); or that they are involved in the transport of glycoproteins écrosé
membranes . (24). Because of the mitogenic properties of lectins, some
- feel they may be ihvolved in the control of cell. division aﬁd seed éer—
.minaﬁion in plants (9). Conclusive eviéence is lacking eithér for or -
against any of these hypotheses.

Over a thousand differéht lectins have been isolated from various
sources, and over fif;y of them have beenvpurified. Although‘lectiné
have been extensivelf studied during‘the last decade< little is known
ébbut tﬁeir structure. dnly for one lectin, concanavalin A, were both
£he sequence and the three-~dimensional structure determinea (25).
ﬁeceptly, the firsﬁ 25 resiqﬁes of the amino-terminal sequeﬁce of -the
B chains from lentil and pea lectins{ of soybean and peanﬁt agglutinins,
and of the R & L subuniﬁs of phytohemagglutinin (PHA) were compared
(26)." Extensive homologies. were found, .ranging f;om near identity in.
the B éhains of lentil and pea iectins, ﬁo 24% identity between soybean
agglutinin and PHAL

Additional studies have compéred the o and é chains of the lentil
lectin to the.aminovacid sequenée of concanavalin A (27). The 4 chain
cqnsists of 52 fesidues and the whole chain is homologous with the

region between positions 72 and 121 from concanavalin A. The amino-

terminal sequence of the B chain is homologpﬁs to another portion of
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the concanavalin A molecule, between positions lé3 and 165. This ex-
tensive homology suggests that the lentil o and'B chains may be proteo-—
lytic fragments derived from a single polypeptide cﬁain of Fhe same
length as concanavalin A. In additioﬁ} despite differing sugar binding
specificities,.a common ancestry for the genes coding for leguminous
lectins appears likely.

In the few cases that have been éarefully examined, such as con~
canavalin A (28), the pea lectin (29), and the lima bean lectin (30), '
lectins appear to require metals, particularly divalent cations for
their activity. It has been suggested that.all lectins are metallb—
proteins (31), but evidence for this is scanty at present.

Of the fifty odd lectins which have been purified, only a handful
of them has been investigated with any detail as to the chemistry of
their carbohydrate moeities. Little is known about the function of the
carbohydrate moeities of lectins.

This study is concerned with investigations on the carbohydrate
moeity of a léctin isolated from the seeds of the legume, Sainfbin

(Onobrychis viciifolia, Scop.), variety Eski. Sainfoin lectin has been

established as a glycoprotein, but little work has been done concerning

the quantitative and structural aspects of the carbohydrate portion.
Studies involve primarily identification and quantitative estimation of

the various neutral sugars and amino sugars present, as well as
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elucidation of the nature of the unique structural aspect of glycopro-
teins, the covalent carbohydrate-peptide bond. |
Hopefully, the future characterizations and experimentation with
" the glycosyl portion of lectins may lead to a better understanding of

the role of both lectins and their carbohydrate moeities.




RESEARCH OBJECTIVES

Studies on the carbohydrate portions of glycoproteins can be
divided into four major areas of study:

1. The identification and quantitative estimation of_the various
monosaccharides present.

2. petermination of the nature of the carbohydrate-peptide
lingage.

3. Determination of ﬁhe amino acid sequence on either side of
the carbohydrate-peptide linkage site.

4. Determination of the sequence and chemical structure of the
carbohydrate side chains.

The oﬁjectives‘of this study are to answer the questions posed by

the first three major areas of study mentioned above.




EXPERIMENTAL PROCEDURE

Materials

Lectin used in these studies was puriﬁied from the seeds of Sain-
. foin (Onobrychis viciifolié, Scop.), variety Eski, by ammonium sulfate
fractionation and -affinity chromatography, according to the method of
Hapner (32). Sephadex G-50 (Fine) and G-25 (Fine) were burchased from
Pharmacia Fine Chemicals. Pronase-CB was é product of Calbiochem. The
.packing material (3% ECNSS;M on Cgs Chrom Q) and glass columns for gas-
liquid chromatograbhé were purchased from Applied Science Laboratories,
Inc. o-Mannosidase type III (Jaék Beani, 0~L~fucosidase from bovine
epididymis,_and B~-N-acetylglucosaminidase (Jack Bean), were obtained
from Sigma Chemical Company. Dansylated aﬁino-acid standards were ob-
.tained from Seikagaku Kogyo Company, Limited. Polyamide sheets for
thin layer chromatography of the dénsyl—amino acids were purchased from
Gallard Schlesinger Chemical Corporation. All chemicals used were of

reagent grade.

Neutral Sugar Analysis

For the colorimetric determination of neutfal sugars, a modifica-
tion of the phenol—su;furic acid method of Dubois (33) was used. The
procedure was modified to a microscale determination according to
-ﬁisaki et al. (34), by reducing the voldme in the original pfocedure as
follows: 1 ml of an aqueous solution of carbohydrate containing 0.02

to 0.2 uMole carbéhydrate, 0.5 ml-of 5% phenol, -and 3 ml of




11
concentrated sulfuric acid. After mixing, the samples were allowed to
incubate for one hour and the absorbance determined at 490 nm. D-

Mannose was used to prepare the standard curves.

Thin Layer Chromatography

* - Thin.layer chromatography plates were prepared and developed
according to Supelco bulletin, April, 1977 (55). The plates were pre-

-pared using Silica Gel H in 0.15 M KH_PO

5F0,- The solvent system used

was.n-butanol:acetone:water in the ratio (V/V) of 4:5:1. The staining
solution used was diphenylamine-aniline in phosphoric acid, according

to Brown (35).

Amino Acid Analysis

Samples for amino acid analysis were hydrolyzed for 22 hours at
- 110°C in constant boiling HC1 in.$ealed, evacuated tubes. Samples for
amino sugar analysis were hydroiyzed for 6 hours, 14 hours, and 22
'hours in seaied evacuated tubes at 110°C with constant boiling HCI.
The amino acid and amino sugar contents of the hydrolyzates were then
determined with a Béckman.quel 120C amino acid analyzer by the meth&d
of Spéckman et ai. (36). |

JAnalyses for the presence of hydroxyproling were pe;formed with a
modification of the method of Spackman according to Miller and Piez -

(37). 'The long column buffer was titrated to pH 2.9 with 12M HCI1.
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With this buffer change, the hydroxyproline‘éluted at 70 minutes and

aspartic acid eluted at 78 minutes.

Ninhydrin Assay

The levels of available amino nitrogen were determined in the
pronase‘digestions with the'ninhydrin reagent according to the method
of Cocking and Yemm_(38).-

One ml of én aminé acid solu?ion containing 0.05-2.8 g N (amino
nitrogen) was mixed with 0.5 mlhéf 0.2 M sodium citrate buffer (ﬁH
5.0). Ninhydrin reagent (0.2 ml) (5% ninhyarin in methyl cellosolve,
W/V) was added to tﬂe sample followed by addition of 1 ml of a é%
solution of 0.01 M NaCN in methyl cellosolve, V/V. The samples were
heated in a boiling water bath for 15 minutes, cooled to room temper-
ature and the absorbanée determined at 570 nm. Standard curves were

preparea usipg leucine as standard.

.-Isolation of Glycopeptide

. A.giycopeptide was isolated after pronase digestion of the puri-
fied lectin by~a modification of the method of Misaki and Goldstein
(33). Purified'lectin, 90—100 mg, was dissolved in 200 ml‘of 0.05 M
phosphate buffer, pH 7.8, which also contained 2.5xlO_4 M Caélz. A
few drops of toluene‘were added to inhibit the growth of contaminating

organisms. Two point five .mg of Pronase-CB (Calbiochem Iot #530160,
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86,400 proteolytic units Kaken/gram) waé added to the éolution,’and
Ancubated at 37°C in a shaker bath.

Monitoring the extent of digestiqn and determination of the amino
acids released from the lectin were performed with the ninhydrin
reagent according to the method of Coéking and Yemm (38).- After‘48
hours of incubatién, an additional 2.5 mg of Pronase-CB was added and
the incubation was carried on for an additional 48 hours. At the end
of ‘this periocd (96 hr)t the solution was concentrated by flash evapo-
ration to a total volume of 25 ml. Two point five mg of Pronase-CB
was added again'and allowed to -incubate for an additional 48 hours, by
wﬁich time the liberation of additional amiﬁo agids had ceased.

The digest was concentrated by flash evaporation to 5 ml, the pH
adjusted to 3.5 with glacial acetic acid, and ceﬁtrifuged for 15 min-
utes at 10,000 g. The clear supernatant was applied to a coluﬁn.of
Sephédex G-50 Fine (2#88 cm) which had'been'previously equilibrated
.With 0.0l M acetic acid (pH 3.5), and eluted with the saﬁe buffer.

The ca;bohydrate containing fractions, determined by the phenol-
sulfuric acid method (33),.were pdoled, concentrated to 5 ml, and
applied to the.Sephadex G-50 column a second time. The carbohydrate
containing portion was pooled, concentrated by flash evapbration to 3
ml and applied to a column of Sephadex G-25 Fine (2.5x97 cm) which had
been previously eguilibrated with.0.0l M acetic acid (pH 3.55 andA

eluted with the same buffer. The carbohydrate containing fractions

[y
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were pooled and used in subsequent glycbpéptide studies for neutral

sugars, amino sugars, and amino acids.

Gas~-Liquid Chromatography (GLC)

A modification of the procedufe of Albersheim‘(39),'as per Griggs
et al. (40), .was used for thé preparation of éamples for gas—liquid'
chromatography. |
| One ml of 2 N trifluoracetic'acid was added to the sample, which
contained 50-100 .yg of carbohydrate, as estimated by the phenol-
sulfuric acid ‘method. Prior to hydrolysis, 50 g of .inositol was
added as an internal standard. The tubes were sealed and incubated at
120°C for one hour. The hydrolyzate was thén flash evaporated to-
drynegs at room temperature, .to remove' the residual trifluoracetic
acid. The residug was redissolved in a small volume pf water énd
passed over a small column (0.5 ml) of Dowex 50W-X2 (H+ form), 200-400
mesh. The éluate was flash evaporétéd to dryness, and 1 ml of 1 NI
NH4OH containing 1 mg of NaBH4 was added. -After incubation for ome.
hour .at room temperature, the solutioﬁ was neutralized by the dropwise
'addition of glacial .acetic acid until'effervegcence ceased, and evap-
orated to dryness. .Onehml of a.methanol:benzene (5:1) mixture con-
taining a drop of glacial acetic acid was added to the residue and

allowed to incubate for 10 minutes at room temperature, and evaporated

to dryness. The evaporation procedure was repeated four more times




15

-using 1 ml of méthanol, with a drop'of glacial acetic acid added, each

time. The evaporation procedure serves to remove.the borate formed as
the volatile methyl borate. One ml of acetic anhydride was added to
the residue, the tube sealed, and incubated at 100°C for éne hour.
After acetylation the excess acetic-anhyd;ide waé removed by flash
evaporation af room temperature. The alditol acetates weré then
removed from the inqrganic residue utilizing .three extractions with
0.5 ﬁi methylene chloride. The_sﬁpernatants were taken to dryness
with a gtream of filtered air -and resuspended in 50 ul of chloroform,
of which 1 Yl was then injected for GLC analysis.

Gas-liquid chromatography was performed ona Varian 3700 gas

chromatograph, equipped with a hydrogen flame detector, and a Varian

" Model. 9176 recorder. The samples were analyzed on. a glass column

(6'x2 mm) packed with 3% ECNSS-M on Gas Chrom Q (110 to 120 mesh,
Apblied Science’; The samples were developed isothermally at 200°C,
injector temperature 220°E, and attenuation of L‘.LxlO_.lO amps/mv.
.Standard curves were prepared for each monosaccharide—élditol
aée£ate, relating g of carbohydrate to peak height. Relative carbo-
hydrate contents were.subsequently obtained from the sfandard curées,
and corrected for handling losses utilizing the inositol internal

standard.
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B-Elimination Studies

f-elimination studies were carried out by a modificatioh of the -
method of Spiro (41). An aliquot of glycopeptide (0.087 uMole) was’
incubated for 14 hours at room temperature in 0.25 ml of 0.5 N NaOH. °
To an additional 0.087 puMole of glycopeptide, 0.25 ml of 0.5 N NaCH
and 0.25 ml of 0.5 N HCl was added. The.second (neutralized) aliquot
was also incubated at room temperature for 14 hours, and serves as a
control for non-specific destruction of serine or threonine:

After incubation, the alkaline sample was neut#alized with 6 N
HCi. Experimental and control samples were evaporated to dryness, and
hydrolyzed in constant boiling HC1l at 110°C fqr éix hours. Following
hydrolysis, the two samples were dried under high vacuum, and redis-
solved in 1 ml of 0.075 N sodium citrate buffer, pH 2.20, to give a
final Na+ concentration of 0.2 N. The amino acid content of the
'saﬁples wére determined according to the method of Spackman et al.

(36).

-Fucose Assay

Fucose levels were determined colorimetrically b§ the cysteine-
sulfuric acid method of Dische and Shettles (42):

The assay is carried out on standards and ' unknowns containing 2-~
20 ug of fucose in one ml of water. A water blank is also .analyzed. -
The samples -and thé sulfuric acid reégent are precooled iﬁ'an ice bath‘

before mixing. The sulfuric acid reagent is prepared by mixing six
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volumes of conc HZSO4 and one volume of water. Four point five ml of

the cold HZSO reagent is added to each sample. The samples are

4
brought to room temperature, and subsequently immersed in é boiling
water bath for exactly three minute§.. After cooling to room temper-
ature O.l.ml of an aqueous 3% cysteine-HCl solution is added to each
tube, and the absorbanée read after 1-2 hour§ at 396 nm and a wave-
length close to 427 nm.'

Absorbance at 396 nm resultihg from hexoses is corrected for by
measuring the absorbance of the sample both at 396 nm and at a wéve—
length close to 427 nm where the hexose absorption due‘to thehsym@etri—
cal shape of its spectrum, is equal to its absorption at 396 nm. The
precise wavelength for fﬁé second reading is determined for each run
by analyzing a 50 g sample of mannose and determining the exact
wavelength where its abso;bance is equal to that at 396 nm. The
differgnce in pptical density 5etween 396 nm and 427 nm is directly
proportionai to the fucosé confent of the sample..

" To cor;ect for any non-specific color development resulting from
the action of the H2504 9n the peptide portion of the sample, an ali-
.quot of tﬂe sample is heated with the HZSO4, but no cysteine‘is added

after heating. The absorption due to fucose in a given sample is then

determined by subtracting the_OD396 - 0D427 of the sample analyzed

ﬁithout.cysteine, from the OD396 - OD427 of the sample analyzed with

cysteine.
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. Glycosidase Digestion of Glycopeptide

O-Mannosidase and B-N-acetylglucosaminidase digestions were car-
ried out according to the procédure of Kawasaki and Ashwell (45).
O~I~Fucosidase digestions Were.carried out as described by Misaki and
Goldstein (34). An aliquot of glycopeptide (0.1 uUMole) was flash
evaporated to dryness in a 13x100 mm screw cap test tube. The glyco-
peptide was redissolved'in 1 ml of 0.02 M sodium acetate. buffer, pH

4,5, Finally, 1.0 unit of c-mannosidase was added, and the mixture

‘incubated at 37°C for 24 hours in.a shaker bath. ‘One unit of

c~mannosidase will hydrolyze 1 pMole of p-nitrophenyl-d-mannoside to

p—nifrophenol and D—mannose/min'at 37°C. Two controls were incubated

" along with each sample, one tube containing 0.1 UMole of glycopeptide

in 1 ml of sodium acetate buffer, and the second -tube containing 1
unit of enzyme in 1 ml of sodium acetate buffer. 'Following incuba-

tion, thie tubes were assayed for the presence of reducing sugar by the

Nelson-Somogyi method (46).

In the B—N—acetflglucosaminidase digestion, 0.1 UMole of glyco-
peptide was dissolved in.l ml of 0.02 M sodium acetate buffer, pH 5.8,
and one unit of B—N—acetylglucbsaminidase was added:. One unit of
B-N-acetylglucosaminidase will hydrolyze 1.0 UMole of p—nitrophenyi—
B-N-acetylglucosamine to.p-nitrophenol and D—N—écetylglucosamine/min

at 37°C. ' The mixture and controls were incubated for 24 hours at 37°C

in a shaker bath, and assayed for the presence of reducing sugar.
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a—L—Fugosidase digéstions were carried out in 0.05 M sodium ace-
tate buffer (pH 4.0). An aliquot of ‘glycopeptide (Q.i uMolef was.
dissolved in 1 ml of sodium acetate buffer. After addition of 0.05
unit of o~-I~fucosidase, the mixture and controls were incubated for 24
hours at 37°C in a shakgr bath, and assayed fpr the presence of re-
ducing sugar. One unit of o~L-fucosidase will hydrolyze l.uMole of'p—

nitrophenyl-o-fucoside to p-nitrophenol and o-I~fucose/min at 37°C.

Nelson-Somogyi Reducing Sugar Assay

Assays for reducing sugaf released after incubation of the glyco-
pgptide with glycosidases was performed using the method .of Nelson and
éomogyi (46) .

The feaction is carried out in 13x100 mm screw cap test tubes to
minimize the surface area available for reoxidation. To samples con-
taining lb—lOO Ug of reducing sugar in 1 ml of water, is addea 1 ml of
the copper reagent, as well as to a water blank. A mannose standard
is also analyzed with eachlrun.'-After mixing, the-?ubes are immersed

in a boiling water bath for 30 minutes. After cooling to room tem-

‘perature, 1 ml'of the arsenomolybdate reagent is added to each tube.

Finally, 3 ml of water is added to each tube, mixed well, and the
absorbance determined at 520 nm. -Standard curves were prepared using

D-mannose.
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Carbokyi Terminal Analysis of Glycopeptide

Hydrazinolysis was used to determine the carboxyl terminal amino

‘aéid of ‘the glyéopeptide‘according to the method of.Fraenkel-Conrat

and Tsung (43).

An aliquot of the.glycopeptide (O.lvuMole) Qas flash evaporated
to arygess_in an ignition tube. Hydfazine (0;2 ﬁl):was a&ded to fhe‘
giycopeptideL and the tube sealed under vacuum. The-mi#ture was then
incugated at 80°C.for‘24 hours. After hydrazino;ysis, theée tube w&s'
oﬁened=and the hydraziﬁe removed under high'vacuum over E6ncentrated
H_SO, and PO ..The entire sample was:analyzed on the amino.acia

2 4 275"
analyzer according to the method of Spackman (36).

Amino Terminal Analysis of Glycopeptide

The amino terminus of the glycopepfidé was investigated by two
differegt methods. The'fir;t utilizes thé dansyl chloride-techniqug
of Gray (44), and the second alkylation'under'a}kaline cbnditions and
amino acid analfsis. | |
| Io’b.l HMole of the glycopeptide in a'smali glass-£ube'k6x50 mm),
15 p& of 0.2 Nisodiﬁm bicarbona£e‘was added, aﬁd the sampie evapbréfgd
to dryness Qith'a-stream of filtered‘airl hFif£een:u2 éf water and 15
H& of the dansyl-Cl .reagent was added to the tube. The danéyl—cl.

reagent is prepared by dissolving 2.5.ug.of'dansyl—cl-(dimethyl—

:aminonapthalenesulfonyi chloride) in 1 ml of .acetone. The tube was
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sealéd with paréfilm and incubated in the dark at 40°C for one hour.
Foilbwing-incubation, the solution was evaporated to dryness,land 0.1
ml of conétant boiling HCl was added. The tube was sealed and incu- .
bated at 110°C for six hours. Following hydrolysis, the tube was
opened and the solution taken tq dryness.under high vacuum. The
residue was taken up in a drop of ethanol, an@ spotted on'ﬁhe cornexr
of a '5x5 cm polyamide sheet.

The sheet is then developed in’ the first dimension with 1.5%
(V/V) formic acid in water. ‘After drying well, the sheet is developed
in the second dimension in 9:1 (V/V) toluene:élacial acetic acid.
Finally,-thé sheet is dried and again devéloped in the second dimen-
sion with ethyl acetéte:methanol{glacial.acetic acid 20:1:1 (V/v/V).
The sheet is dried and examined .under a UV lamp. The fluorescent
dansylated amino derivatives are identified by comparisén with known
daﬁsylated amino acids, ‘which are run simultaneously on the opposite
side of the polyamide sheet.

In the alkylation reaction, 10 nMole oﬁ glycopeptide was dissolved.
in iOO UL of 0;2 M sodium bicarbonate. One mg of ilodoacetic acid
dissolved in 20 ul oﬁ O.i N NaOH waé added, the tube sealed with
parafilm, and incubated at 50°C for 24 hours. The tube was evéporated
to dryness with a stream of filtered air, and'0.2.ml of constant

boiling HC1l added. The tube was sealed and incubated for 6 hr at
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110°Cc. After hjdrolysiS'the mixture was analyzed on the amino acid

analyzer according to Spackman et al. (36).

Sequence Analysis of Glycopeptide

Sequencing of the glycopeptide was carried out by a modification
of the subtractive Edman degfadation as described by Konigsberg (47).
The glycopeptide is first coupled to phenyl isothiocyanate under alka—'
line conditions to form the N—substitu£ed £hiocarbamyl.peptide. The
coupling reaction is carriéd out by dissolving 30 n Mole of glyco;
peptide in 0.5 ml of redistilled pyridine, to which 50 ul of pheny;
isothiocyanate is added. The mixture is incubated at 37°C under N2
for two hours. After.coupling, excess re;gents and solvents are
removed by e&aporation undexr high vacuum. The derivitized gl&copeptide
is then cyclized by treatment with anﬁydrous triflouracetic acid..
This results in cleavage of the émino terminal amino. acid as the
thiazolinbﬁe, and exposes the c-amino group of the éentultimate'amino -
acid. Cyclization is carried out by adding 0.5 mi of anhydryous
triflouracetic acid to ﬁhé dried peptide, and incubating at 37°C,
under N2, for one hour. Following incubation, the triflouracetic acid
is removed by"evaporation under a stream of N2. The thiazolinone is
converted to the N~substituted thiohydantoin- by dissolving the residue
in 2 ml of 0.2 M glacial acetic acid ana incubatihg at 60°C for 10-

minutes. The mixture is then extracted with ethyl acetate to remove

the thiohydantoin formed from the terminal amino acid. An aliquot of
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the aqueous phase is dried, hydrolyzed, and analyzed for amino acid
content, and a decrease in the level of an gmino acid reveals its
presence at the amino terminal. .A second aliquot of the aqueous phase
is alkylated as described earlier, hydrolyzed and examined fof amino
acid content. A decline in the level of a second amino acid identi-
fies it as the pentultimate amino terminal residue. Finally, the
remainder of the aqueous phase can then be subjected to another cycle
of Edman degradation, followed by alkylation and amino acid analysig

f

to identify the third amino acid from the amino terminal.

High Voltage Electrophoresis (HVE)

. . J
High voltage electrophoresis was carried out as described by

Glaéer et al. (48). HVE was performed with a Shandon Model I.24.
Electrophoresis was carried out at pH 6.5 using a buffer system con-
sisting of 50 ml of pyridine, 2 ml of glacial acetic acid, and 900 ml
of water. Samples containing from 20 to 100 nMoles ¢of standards or
peptides were spotted 9 inches from the positive electrode end of
.57x20 cm sheets of Whatman 3 M paper. After,electrophorésing for 1/2
hour at 4000.volts, the papers were dried and stained with a reagent

consisting of 0.25% ninhydrin in n-butanol.




RESULTS

Neutral Carbohydrate Analysis

The standard curve for the.ﬁicrodetermination of neutral sugar by
the pheﬁél—sulfuric-acid methéd is shown in Figure 1, and relates Hg
of neutral sﬁgar (mannose used asvs£andard) to optipal density at 490
nm. The plot is Iiﬁear within the range of O—SO‘ug neutral sugar, -and
as§ays-exhibi£ed reproducible results. Analysis of the intact puri-
fied lectin fqr the presence of neutfal sugar, established that sain-
foin lectin was’iﬁdeed a glycoprotein.’ The levels of carbohydrate
detected with varying amounts of lectin are shown in Table I; andvl

vield an average value of 2.6% neutral sugar by weight.

Table I. Percentage Neutral Sugar of Sainfoin Lectin

Lectin (mg). » Neutral Sugar'(ug). % Neutral Sugar
1.03 ' 25.0 " . 2.43
0.77 : _ 20.0 - . 2.60
0.52 | : | 14 . 2,79

' Aver. = 2.60

Thin Layer Chromatography (TLC)

‘The Rf

found in glycoproteins are shown in Table II. Aliquots (1 mg) of the

" lectin were hydrolyzed for two hours in 2 .N triflouracetic acid (TFA).

The excess TFA was removed by fiasﬁ evaporation, the hydrolyzate

values determined by TLC for the neutrél sugars typically
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Standard curve relating the optical density at 490 nm to g of neutral sugar
analyzed by the phenol-sulfuric acid method. D-Mannose was used as
standard.
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passed over a small column of Dowex 50-x—2 (H+ form), and the eluate

analyzed by TLC. Two spots were detected, one with an Rf value of

0.30, and one with an Rf value of 0.39. The spot with an Rf of 0.30

suggests the presence of mannose. The spot with an Rf.of 0.39 could

indicate either fucose or xylose, as resolution between the two was

insufficient for positive identification.

Table II. R_ Values of Neutral Sugars by TIC

£

Neutral Sugar Rf
Galactose \‘ .23
Glucose . .28
B Mannose . .31
Arabinose : .34
Fucose .38
Xylose . ) .41

Amino Acid and Amino Sugar Analysis

Duplicate samples of the purified lectin were hydrolyzed and the

amino acid content determined on the amino acid analyzer. The results

expressed as i Mole amino acid/y Mole lectin, along with values pre-
viously obtained by Hapner (32) are shown in Table III.

A time hydrolysis study for the gquantitative determination of

amino sugars was performed. Samples of purified lectin were hydrolyzed

in constant boiling HCl1 for 6, 14, énd 22 hours, and the amino sugar
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Table III. Amino Acid Content 6f Sainfoin Liectin

Sample #1

Sample #2

Amino Acid Previous Results
Lysine 12.23 12.59 12.0
Histidine 4.00 4.04 " 4.0
Arginine 12;g1 12.00 12.0
Aspartic Acid 35.84 35.50 - 34.0
Threonine 20.76 19.82 21.0
. Serine 26.26 ' . 24.90 27.0
Glutamic Acid 19.76 12.20 19.0
Proline 11.46 11.00 11.0
Glycine | . 17.65 17.20 16.0
Alanine 13.11 12.30 12.0
1/2 Cysteine | 0.0 0.0 0.0
valine 18.58 17.95 18.0
Methionine 0.0 0.0 0.0
Isoleucine 13.11 12.83 - 13.0
Leucine . 19.22 18.20 - 18.0
Tyrosine 7.51 7.29 7.0
Phenylalanine 16.27 15.88 17.0
Tryptophan - -— 6.0

Values are expressed as |l Mole Amino Acid/J Mole lectin,
. assuming a molecular weight of 27,000 as determined by Hapner (32).
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content determined on the amino acid analyze;. The only amino sugar
detected was glucosamine, and the yield of glucosamine as a function
of the time 6f hydrolysis is shown in Figure 2.

As expected, the yield of glucosamine declines with extended
hydrolysis times. If, however, the time vs. yield plét is.extrapolated
back to zero time, we obtain a value of 0.975 U Mole glucosamine/l Mole
of lectin. It is assumed that the glucosamine detected is a breakdown
product of the aéid hydrolysis, and exists as N-acetylglucosamine in
the intact_lectin.

Hydroxyproline has been found to occur in several plant glyco-
proteins, and the lectin was analyzed fof the presence of hydroxy-
proline. Amino acid analysis under conditions which allow.the detec;
tion of hydroxyproline (Materials and Methods) showed the absence of

detectable amounts of hydroxyproline.

Isolation of Glycopeptide

The purified lectin was digested extensively with Pronase-CB as
described earlier. The progress of the digestion and the liberation
of amino acids were monitored using the ninhydrin reagent. A standard
curve relating the Ug of available leucine amino nitrogen to optical
density at 570 nm was constructed, and is shown in Figure 3. Figure 4
illustrates the progress of a typical‘digestion as a function of time.

The level of amino acids liberated are plotted as percent of
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Fig. 3. Standard curve relating the level of available amino leucine
nitrogen to optical density at 570 nm.
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Fig. 4. Liberation of amino acids during a typical pronase digestion.
The level of amino acids liberated are plotted as the percent
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theoretical yield (complete digestion to single amino acids). The
apparent percent cleavage declines after 72 hours of digestion. It
was observed thét a precipitate began to occur at that point, and
visual accumulation of precipitate paralleled the decline in available
amino nitrogen.

After the liberation of amino acids had ceased, the mixture was
concentrated to a small volume (5 ml) and applied twice to a Sephadex
G-50 qolumn.- The gel filtration profile of the pronase digest on the
second Seﬁhadex G-50 run is shown-in Figure 5. Tube numbers 60-75
were pooled, concentrated to 3 ml and applied to a column of Sephaaex
.G—25. The gel filtration profile of the digest on Sephadex G725 is
shown_in Figure 6. Tube numbers 68-78 wére pooled aﬁd uéed for subse-.
quent glycopeptide characterization. A typical glycopeptide prepar-

" ation contained between 60-70% of ﬁhe original neutral sugar of the

intact lectin, as determined by the phenol-sulfuric acid method.

Characterization of Glycopeptide -

Aliéuots of - approximately 0.1 u-Mole of glycopeptide -(calculated
according to the amount of neutral sugar present) were hydrolyzed in
constant boiling HCl1 for 6 hours and‘22 hours at 110°C, and analyzed
on the amino acid analyzer. Two separate glycopeptide preparations

were analyzed and the results are shown in Table IV.
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Fig. 5. Gel filtration of pronase digest on Sephadex G-50. The

column (2x88 cm) was eluted with .01 M acetic acid at a flow
rate of 26 ml/hr. Fractions of 2.6 ml were collected and
analyzed for optical density at 230 nm and 280 nm, and
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34

T4
61 °D280 0
'l
&
S e 0[)490 [
51 {3
3o
el
;!
i
> ] 1
s ] ‘
]
Uz') 4 1 |' :
w |
o ! |
b
5
3 pRCANER
Q .34 |
& / H
Q rJ 'l'|
o / HE
Y W
'
2 |
\
\
1
1
\ V.
A4 \ G
\
‘ 1
o T T T T L] T T ] 1 T il |

v A
0 0 20 30 40 50 60 70 80 90 O 1O IZIO Ill':O l‘;O 150
TUBE NUMBER

Fig. 6. Gel filtration of pronase digest on Sephadex G-25. The
column (2.5x97 cm) was eluted with .01 M acetic acid at a
flow rate of 26 ml/hr. Fractions of 2.6 ml were collected
and analyzed for optical density at 230 nm and 280 nm, and
for optical density at 490 nm by the phenol-sulfuric acid

method.
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Table IV. Amino Acid Analysis of Gl_ycopeptidea

Prep #I . Prep #II
6 hr 22 hr 6 hr 22 hr
hydrol hydrol hydrol . hydrol
Aspartic Acid 1.00 - . 1.00 '1.00 1.00
Threonine 1 0.83 0.84 0.89 ~ o0.91
Serine | 0.82 0.82 . 0.922 0.83
Glutamic Acid 0.92 0.96 ' 0.94 . 0.97
‘ Glycine © Trace Trace Trace Trace
Alanine Trace Trace Trace ~ - - Trace
Glucosamine 1.03 0.98 1.11 1.05
Neutral Sugar® 607 : 630

(ug)

aVé.lues are expressed as U Mole of amino abid/p'Mole of Aspartic Acid.

bNeutral sugar was estimated by the phenol-sﬁlfuriq acid method and
expressed as g total neutral sugar/Q Mole Aspartic Acid.

The glycopeptide isolated from the pronase diges;ions consists of
a tetrapeptide, containing one residue each of aspartic acid, threonine,
" serine, and glutamic acid, glucosamine, and trace amounts of glycine
and alanine.

A time'hydrolYSis study was carried out to determine the amounts
of glucosamine and ammonia libefated upon acid hydrolysis of.the glyco-
peptide. A;iquots of the glycopeptidé (10 nMole) were hydrolyzed in
constant boiling HCl1l for varying periods ' of time, and the hydrolyzates
analyzed for glucosamine and ammonia contents with the amino‘acid
analyzer. The results are shown in Figure 7. Two residues'of glﬁco—

samine and one residue of ammonia are released very rapidly from the
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Time-hydrolysis study of the purified glycopeptide
relating the levels of glucosamine and ammonia released
as a function of the time of hydrolysis. Hydrolysis of
the glycopeptide was carried out in constant boiling
BC1.
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glycopeptide. Increasing hydrolysis times resulted in a gradual de-
‘cline in glucos&mine levels with a simultaneous rise in the observed
levels of ammonia. The release of one residue of ammonia upoﬁ hydrol-
ysis indicates the presence of one amide side chain in the glycopep-
tide. |

The glycopeptide was subjected to treatmentywith mild base,
conditions under which an O-glycosidic linkage to serine or threonine
would undergo P-elimination. A decline of either amino acid upon
subsequent amino acid analysis is indicative of an O—glygosidic type
of linkage. The results of a S;elimination study of the glycopeptide
is shown in Table V. Table V shows no evidence of a B-elimination
reaction and indicates the absencg of an O-glycosidic linkagé-to
serine or threonine. The intact lectin was subjected to-mild alkali
in the presence of sodium sulfite, and'failed;to show any decline in
the observed levels of serine or threonine or a rise in the levels of

cysteic acid or a-amino-pf-sulfonyl butyric acid.

Higﬁ Voltagée Electrophoresis

Thg glycopeptide was investigated by high voltage electrophoresis
at pH 6.5. A‘schematic diagram of the migration pattern of the glyco-
peptide and standards is shown in Fig. 8. The migration paﬁternAof
the glycopeptide shows the presence of a single net negative charge at
pPH 6.5,.as evidenced.bf its comigration with aspartic acid and glutamic

acid. This is in agreement with the release of one residue of ammonia
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High voltage electrophoresis of the purified glycopeptide.
Samples were spotted on 57x20 cm sheets of Whatman 3 M
paper. Electrophoresis was performed at pH 6.5 with
pyridine:acetic acid:water (50:2:900) as solvent for 1/2
hour at 4000 volts. Major ninhydrin positive spots are
enclosed by solid lines, and minor spots by dotted lines.
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Table V. B-elimination of the Giycopeptide in Mild Base®

Controlb NaOH -
Aspartic Acid 1.00 - ) 1.00
Threonine 0.78 0.78
Serine 0.77 0.83
Glutamic Acid 0.84 0.87

a ' . .
The results are expressed as U Mole amino acid per | Mole aspartic
acid. :

b . .
The control sample contained glycopeptide, NaOH, and sufficient HCL to
neutralize the NaOH. '
upon acid hydrolysis, which indicates the presence of a single amide
group in the intact glycopeptide. Presumably the net negative charge

is due to the acidic side chain of glutamic acid.

Neutral Sugar Analysis by Gas-Liquid
Chromatography :

Initially, attempts to obtain a quantitative estimate of the var-
ious’ neutral sugars by gas~liquid chromatography (GLC) were directed
at hydrolyzates of the native lectin. It is very difficﬁlt to deter-
mine conditions of hydrolysis for optimal release of carbohfdrates
" from native glycoproteins, aue td carboﬁydrate destruction in an acid
environment and reaction of the liberated cérbohydiate with libefated
amino acids. Accordingly, it was decided to pursue quantitatiye
carbohydrate determinations on the glycopeptide, which should offer

superior results.
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Standard solu@ioﬁs of.the various alditol acetates were prepared
and used to construct standard curves relating ug of'cafbohydrate to
peak height for'each monosaccharide. The standard curves are éhown in
Fig. é.

Aliquots of two-differeﬁf glycopeptide'preparatioﬁs were eub—
jected to acid hydrolYéis and the released monosaccharides were
reduced and acetyiated as descfibed'earlier:~ Typical GLC chromato-
grams of a standard mixture and hydrolyzed and derivitized'giycopep—
tide are iilustrated in Fié.-lo. The alditol acetates from the élyco-
peptide were identified by theirvcharacteristic retention:time, ana
' quantltated by relatlng Hg to carbohydrate present to peak height.

The results are shown in Table VI

Table VI. Neutral Sugar Analysis by Gas-Liquid Chromatographya

Glycopeptide I

A B *.  Average
_Fucose 0. 59 .0.48. 3 0.53
Xylose . : 0.63 ‘ 0.47 0.55

Mannose - - 1.66 . 1.94 . 1.80

Glycopeptide II

Fucose 0.64 0.68 0.66
Xylose . . 0.74 ) 0.77 . ‘ 0.76
Mannose . 2.28 - 1.43 - 1.86

aValues are expressed as U Mole carbohydrate/|l Mole aspartic a01d in
the glycopeptide.
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Standard curves for the various sugar alditol acetates
relating the Hg of carbohydrate analyzed to peak height.
Standard solutions of the monosaccharides were derivitized
to the corresponding alditol acetates and quantitated by
gas-liquid chromatography.
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Fig. 10. Gas chromatography tracings of a standard mixture (lower
tracing) and a typical analysis of the purified glyco-
peptide (upper tracing) after hydrolysis and deriviti-
zation.
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The three neutral sugars fucose, xylose, and mannose appear to be
Present in the ratio of 1:1:2. The expected levels of total neutral
sugar in the glycopeptide can be calculated to be 674 Hg neutral sugar.
per U Moie aspaftic acid. This is.in agreemeht with neutral sugar
levels determined by the phenol—éulfuric acid method on duplicate
~ glycopeptide preparations, 607 g and 630 Ug iespectively, as shown in
Table III.

The glycopeptide was analyzed for the presence of fucose by the
colorimetric method of Dische and Shettles. A standard curve relating
Hg of fuéose to optical density was constructed and is .illustrated in
Fig. 11. Replicate determinations on the glycopeptide yielded a value
of 0.94 residues of fucosé per U Mole aspartic acid. This is in
agreement with the GLC results suggesting the presence of one residue
of fucose per mole of, glycopeptide.

The giycosyl moeity of sainfoin lectin appears to be a single
carbohydrate chain consisting of one residue each of fucoseAand xylose,
and two residues each of'glucosamine and mannose. It also appears
likely that the carbohydrate—profein linkage is of the N—glycosidic

type between N-acetylglucosamine and asparagine.

Glycosidase Digestion of the Glycopeptide

In an effort to gain some preliminary information regarding the

sequence of the carbohydrate side ghain, the glycopeptide was
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density, as determined by the Dische-Shettles
cysteine-sulfuric acid method.
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incubated in the'presénce oflvarious glycosidases. Sugars réieased by
the giycosidases are detected as reducing sugar by the Nelson-Somogyi
method (46). A standard curve for the Nelson-Somogyi method was
constructed using mannose as sfandard and is shown .in Fig. 12. The
enzymes uséd are exoglycosidases and will remove their specific sugars
frﬁm terminal non-reducing positions oniy.' Iﬁcubation of the glyco-
peptide with various glycosidéses revealéd-that the glycopeptide was"
resistant to digestion by O-mannosidase, B—N—acetylglucosaminidése,
and o-L-fucosidase. It is not khown whether the resistance to diges--
tion is a result of the anome;ic configuration of the glycosidic
'1in£ages, a result of xylose occupying  the oniy terminal non-reducing

position, or other structural or steric factors.

Carboxyl- Terminal Analysis of the Glycopeptide

Hydrazinolysis of a protein ideally results in transamidation of
all peptide bonds to the hydrazides, and only the carboxyl terminal
amino acid is liberated as a free‘a—amianuﬂcarboxylic acid.

The glycoéeptide (0.1 1 Mole) was subjected to hydiazinolysis and
assayeq for amino acid content. .fhe results are shown in Table VII,
indicating that threonine occupies the ca;boxYl terminal_position of

the glycopeptide.
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Standard curve relating the g reducing sugar to optical
density at 520 nm, as determined by the Nelson-Somogyi
method. Mannose was used as standard.
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Table VII. Amino Acid Analysis of the Glycopeptide After Hydrazin- -

olysis® :
Amino Acid Post Hydrazinolysis
Aspartic Acid. 2.
Threonine ~ .31.0
Serine : ) . 7.0
. Glutamic Acid . ' 2.4

a .
Results are expressed as percentage of theoretical yield.

Amino Terminal Analysis of the.Glycopeptide

Initial,inyestigations of the amiﬁo terminus of the glycoéeptide
were carried out using the dansyl chloride technique of Gray. Very
poor yields were obtained, and thé amino terminus amino acid could not
be identified with certainty. However, a weak spot was obtained,
which migrated in the position of serine. - |

The_glycopeptide was subsequently subjected to aikylétion with
iodoacetic acid. After aikylation and acid hydrolysis, the mixFure
was examined on the amino acid analyzer.l The results are shown/in
Table VIII. Only three amino acid peaks were detected, eluting in the
positions of aspartic acid, threonine, and glutamic acid. The serine
peak was effectively eliminated upon alkylation, and indicates that
serine is the amino terminal amiﬁo acid.. In addition, the levels of
glucosamine detected before and after alkylation were unchanéed. If
the amino sugar was pre;ent in thg glycopeptide as glucoéamine, the

free amino group would also undergo alkylation, and the gluéoéamine
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peak should decline on amino acid analysis. Absence of any decline in
the glucosamine‘agrees with the contention that the amino sugar exists

as N-acetylglucosamine in the unhydrolyzed glycopeptide.

Table VIII. Amino Acid Analysis of the Alkylated Glycopeptidea

Amino Acid- Pre-Alkylation Post-~Alkylation
Aspartic Acid . 1.0 ’ 1.0
Threonine 0.89 o 0.92
Serine 0.92 0.20
Glutamic Acid . 0.94 ) '1.15
Glucosamine ’ 1.05 _ ;;g£

a . . : . .
Results expressed as | Mole amino acid/u Mole aspartic acid.

Sequence Anélysis of the GlycopeptideA

The determination of the amino acid sequence of the glycopeptide
was accomplished by a combination éf the subtractive Edman degradation
aﬁd alkylation. .The amino terminal amino acid was identified by sub-
jecting the glycopeptide to.either alkylation or one cycle of Edman
degradation and observing which amino acid level declined uéon amino
acid analysis. The aminq acid pentultimate to the amino terminus was
identified by declining levels of a seéond amino acid after one cycle
of Edman degradation followed by alkylation. The third amino acid in
the sequence was evidenced by a decline in the levels of a third amino
écid after two cycles of Edman degradatiéon and alkylation. The |

results are displayed in Table IX.




49

Table IX. Amino Acid Sequence Analysis of Glycopeptide?

Amino: ' 1 Edman 2 Edman
Acid Intact Alkylated 1 Edman- =~ + Alkyl _+ Alkyl
Asp 1.12 '1.09 1.09 0.36° ' 0.38
Thr 1.00 1.00 1.00 1.00 1.00
‘Ser 1.03 0.22 0.37 .. 0.26 . 0.0
Glu ~1.06 . 1.30 . 1.18 1.14 © 0.34°

a . . . .
Values are expressed as U Mole amino acid/y Mole Threonine.

bValue was adjusted to account for the amount of aspartic acid unavail-
able for alkylation due to incomplete removal of serine in the
preceding Edman reaction. ’ )

“Yalue was adjusted to.account for the amount of glutamic acid unavail-
able for alkylation due to incomplete removal of aspartic acid in the
preceding Edman reaction.

According to the results in Table IX, both direct alkylatiop and
' subtractive Edman degradation identify the amino terminal ‘amino acid
as serine. The decline in aspartic acid levels after one cycle of
Edman degradation and alkflatioh, identify'asfartic acid (asparagine)
as occupying the position pentultimate to the amino*términal.‘ Einélly,
the decline of glutamic'acid after two cycles of Edman degradation and
alkylation, identifies glutamic acid as the third amino acid in the
-seq;ence from tﬁe amino terﬁinal. Threonine wouid necessarily occupy.
the fourth position, or carboxyl terminal. This is in agreemént wi#h
the hydrazinoleis data, which also indicated threonine was the car-
boxyl terminal amino acid. The>sequénce of‘thé élycopeptide is con-

firmed‘as:
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HZN_S- er-Asn-Glu-Thr-COOH

(CH20)




DISCUSSION

Neutral Sugars

Colorimetric determination of the total neutral sugar present in-
dicated sainfoin lectin contains 2.6% neutral sugar by weight (Table i).
Assuming a subunit molecular weight of 26,000 daltons, this trans-
lates to 674 gms of neutral sugar per mole lectin monomer. If an
average value of 180 gm per mole of cérbohydrate is assumed, the lectin
shoula contain 674/180 or 3.76 residues of neutral sugar per lectin
monomer . At least accprding to colorimetric methods, the lectin appears
to contain four residues of'neutral sugar. Colorimetric assay of the
. glycépeptide isolated from the pronase digestion agrees reasonably
well with these results, namely an average value of 618 gm per mole_of
~ glycopeptide (Table III); The fact that each mole of glycopeptide con-
taiﬁs four residues of neutral sugar indicates that all of the neutral
sugar present iﬁ the intactvlectin is contained in a single oligo- |
saccharide chain.

" Gas-1liguid chromatogfaphy of the glycopeptide confirmea'the presence
of four residues of neutral sugar per mole of glycopeptide (Table VI).
Additionally, the four residues of neutral sugar consist of one residue
each of fucose and xylose, and two residues of mannose;‘ Thin layer
chromatography had earlier indicated the presence of mannose, as well
as a spot which could have been either fucose or xylése. Specific

colorimetric assays for the presence of fucose confirmed the existence
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'of one residue of fucose per mole of glycopeptide.

Most of the plant lectins which have been isolated in pure form
are glycoproteins, and exhibit a wide diversity as to their carbo-
hydrate content and distribution, as indicated in Table X. The car-
bohydrate content ranges from a low of 2% in the lentil lectin, to over
50% in the potato lectin. Most, héwever, contain less than 10% ;érbo—
hydrate. The composition of the monosaccharides also varies widely;
the lectin from the yellow wax bean coptains all the monosaccharides
commonly occurring in plant glycoproteins, while the poéato léctin
contains only a.single monosaccharide, arabinose. NJaéetylglucosamine
(GlcNAc) is the mosf commonly occurring monosaccharide; beinghpresent
in all the lectins shown in Table X, with the exception of the potato
flectin. Mannose is also very common, occurring in all the lectins
shown except the potato lectin and the lentil lectin. The remaining
monosaccharides occur with varying fregquencies and amounts.

The leétin from ng;gig pseudoacacia (49) has been reported to
contain the same monosaccharides as observed in sainfoin lectin.
However, the monosaccharides of the Robinia lectin were only deter-
mined qualitatively, and quantitative information is not available ét
present. In addition, a number of the reporfs concerning lectins in-
dicate the presence of fucose, x&lose, and arabinose in small quanti-
‘ties. In many cases it is not clear whether the sugars actually have

any structural significance, or originate from a contaminating
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Table X. Representative Glycdlectins and their Carbohydrate Content

Source % Sugar Gal Glc Man Fuc Arab Xyl GlcNAc
Leguminosae
Bauhinia purpura 11.0 + + + + + +
Dolichos biflorus 3.5 + ' +

(Horse gram)

Glycine Max 5.7 - ' + +

(Soybean)
Lens culinaris _ 3.0 + +
(Lentil) '

.Phasoleus lunatus 4.0 . B + +
(Iima bean) ‘

Phasoleug vulgaris 5.7 : + + +
(Black kidney bean)

Phasoleus vulgaris 8.9 + + + + +
(Red kidney bean) )

Phasoleus vulgaris 10.0 + + o+ + + + +
(Yellow wax bean) -

* Robinia pseudoacacia 10.7 . +  + : + +
(Black locust)

Ulex Europeus 21.7 + + + +
(Gorse) ‘

Other Plants

Phytolacca americana 5% ' + "4 + ) +

(Pokeweed)

Solanum tuberosum 52.0 - ' +

{(Potato)

Wisteria floribunda '11.4 + + + .+ +

For data source see Sharon, Ref. #24.
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hemicellulose. In the glycosyl moeity of sainfoin lectin, good evi-
dence has been presented for the presence of one residue each of

fucose and xylosepy and two residues of mannose.

Amino Sugar

Amino acid analysis of the intacf lectin after hydrolysié in con-
stant boiling HC1l for 6, 14, and 22 hou?s.showed the érésence of only
a single amino sugar; glucosamine. Furthegmore, a time-hydrolysis -
study followed by aminb acid analysis (Fig. 2) indicated the presence
o; a single residue of glucosamine per lectin monomer. At this point
it appeared that the oligosaccharide chain consisfed of fucose, xylose,
‘mannose and one residue of N-acetylglucosamine (GlcNAc) per lectin
monomer.

Amino acid analysis of thg purified glycopeétide was performed
after hydrolysis with constant boiling HC1l for 6 and 22 hours (Table
iV). Slightly more thén one residue of glucosaminé was observed at
six hours and close to one residue observed at 22 hours. This is not
in agreement with earlier estimates obtained on the intact lectin.
According to Glazer et al. (50), yields on the glucasamine contents of
glycoproteins after hydrolysis for 22 hours in 6 N HCl typically
approach 50%. To resolve this coﬂfiict, the time-release of gluco--
samine in 6 N HCl was determined on the glycopeptide (Fig. 7). The
maximum.yield of glﬁcosamine was 1.75 residues per mole of glycopep-

tide, obtained after 1/2 hour of hydrolysis at 110°C. Longer
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hydrolysis times resulted in the gradﬁal decline of glucosaﬁine yields
to one residue at 22 hours, .agreeing very well with the 50% yield
;value as expressed by Glazér. This explains the previous vields of
glucosamine pbtained from the glycopeptide. The results obtained on
the intact lectin are less clear{ but could be due to increaséd levelé
of destruction of glucosamine in the presence of large amounts of
liberated amino acids. |

Hydrolysis of both the intact 1eetin and the glycopeptide were
carried out in constant boiling HCl. I would not anticipate that
rates of destruction of the glucosamine due to the acid environment.
could account for the'difference‘in the:results. It seems more likely
‘that the low yields from the intact lectin may be dug to interactions
of the'glucosamine with amino acids libérated during tﬂe hydrolysis.

There ié also the less likely possibility that the low yields from the
intact lectin is caused by resistance to hydrolytic‘release of the
glucosamine. It is, however, difficult to imagine the maintenance of
structural integr¥ity in an enviroﬁment of 6 N HC1.

In summary, the evidence indicates that the -carbohydrate moeity
of the lectin coﬁsists of a single oligosaccharide chain containingl
one reéidue each of fucose and xylose, gnd two residues each of mannose
and glucosamine. It is likely that the hydrolysis product, gluco-

samine, actually exists as N—acetylglucosaminé in the intact lectin

and glycopeptide. This has been shown to be the case in those plant




56

glycoproteins extensively studied to date.  In éddifion, after alky-
lation (carboxymethylation) of the glycopeptide, no decreases were
observed in the levels of glucosamine obtained upon amino acid analy-
sis. If fhe amino group on C-2 of the glﬁcosémine existed as the free
amino group, alkylation should occur,.resulting in a decline in the
observed glucosamine levels., Additionally, the high voltage electro-

phoresis results are incompatible with non~acetylated glucosamine.

Carbohydrate-Peptide Linkage

The glycopeptide isolated from the pronase digestions consists of
a tetrapeptide, containing one résidue each of aspartic acid, threo-
nine, sefine, and glutamic acid, and two residues of N-acetylgluco-
samine (GlcNAc). Of the four amino acids present, three have been
found to occur in cérbohydrate—protein linkages.

The hydroxy amino acids, serine and threonine, occur in O-glyco-
sidic linkage in carbohfdrate bonds, which.may undergo  ,f-elimination
in mild base. The unsaturaféd amino acid products of the B-eiimi—
nation reaction are unstable .to acid hydrolysis, and a decline should.
occur in serine or threonine levels upon amino acid analysis of the
alkali'tréated glycopeptide if an O-glycosidic typé of bond is prgsent.-
Asparagine occurs in N—glycosidic.linkage to GlcNAc¢, which is stable
to mild alkali.

The glycopeptide was completely resistant to B~elimination in mild

alkali. The intact lectin was also subjected to mild alkali, in the
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presence of sodium sulfite, and failed to show any decline in-the
observed lévels‘of serine or thfeonine'or a rise in the observed’
levels of cysteic acid or o~amino-f-sulfonylbutyric acid. This sug-
gests thé presence of an N-glycosidic linkage between GlcMNAc and
asparagine; |

ﬁhen the glycopeptide ﬁas assayed for the release of ammonia with
varying times (Fig. 7), it was found that one residue of ammonia and
1.75 residues of glucosamine were rapidly released from ;he glycopepf
tide. As the glucosamine levels decliﬁed'to one residue at 22 hours,
the ammonia levels slowly rose to two.residues-at 22 hours.

The rapia appeafance‘of glucosaminevand simultaﬁeous aépearance
of one residue of ammonia likely results from hydroiysis of the N-
glycosidic bond, by which equimolar amounts of éspartic acid, ammonia,
and glucosamine are liberated. This reaction characteristically
proceeds with a half life of 17 minutes in 2 N HC1 at 100°C (51).
This cofrelates with the time release data for glucosamine and ammo-
nia, as maximum release of glucosamine (1.75Iresidues) and release of
one residue of amide nitrogen as ammonia is completed in one half hour
in 6 N HCl. A greater than equimolar -amount of glucosamine is antici-
pated due to the presence of the second GlcNAc in the oligosaccharide.
This is consistent wi£h an argument for the presence of asparticracid
in the glycopeptide as asparagine. The second residue of ammonia

appearing on extended hydrolysis times is apparently due to acid
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catalyzed destruction of glucosamine, which disappears propértionately
to the appeérance of ammonia.

High voltage electrophoresis of the glycopeptide at pH 6.5 re-
vealed almigration pattern indicating the presence of é single net
negative charge. This is compatible with the presence of ohly‘one
amide group in the glycopeptide. If the amide group is associated
with asparagine, presumably the net negative  charge exhibited is a
result of the acidic side chain of gluﬁamic acid.

In all the plant glycolectins in which the glycopeptide linkage

has been established, the linkage was almost unanimously found to con-

sist of GlcNAc-Asn, the only exception -to date containing an arabinose- '

hydroxyproline linkage. Sainfoin lectin and the isolated glycopeptide
was shown po be devoid of detectable amounts of hydroxyproline, and it
"is concluded tha£ the carbohydrate is attached by a N-glycosidic
GicNAc—Asn linkage. Definitive evidence for the presence of the
GlcNAc-Asn linkage would involve isolation of a glycopeptide contaiﬂ;
ing only glucosamine and asparagiﬁe. The marked resistance of‘the
glycopeptide to furthgr enzymatic digestion by pronase and carboxy-
peptidase precluded an easy isolation of the asparagine-carbohydrate

linkage in this study.
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Structural Aspects of the Carbohydrate Moeity

Of the many glycoprotein lectins, few have been studied in any
detail aé to the structural chemistry of their carbohydrate moeities.
One of the first plant glycoproteins to be recognized and studied
was soybean agglutinin (sBA). Charaétefization of SBA has been car-
ried out primarily through the efforts of Sharon and Lis (lé). SBA
was shown to contain 4.5% mannose and 1.5% GlcNAc. The carbohydrate-
peptide linking group was-isolatéd‘and shown to be identical in its
composition and behavior on paper chromatography and eleétrophoresis
with N—acetyl-D—élgéosaminyl—B—L—asparagine. Studies still in progress
have led to the assignmenf'of the following tentative structure for

the carbohydrate moeity of SBA.

, _~-Man-0,(1~6) . . '
(Man-a (1-2) ) P Man-f- (1-4)-GlcNAc-f(1-4) ——==—==
. “SMan-0,(1-3) '
———— GlcNAc.— (1-N)-Asn

Similar structures appear to be present in other glycolectins
such as phytohemagglutinin (52) aﬁd.the castor bean.agglutinin (53)
-in which asparaginyl—linkea carbohydrate units'consist of (Man)-n(GlcNAc)2
where n = 4 to 7 units.

Misaﬁi et al. (34) has receptly presented evidence fdr_the struc-
ture éf a glycopeptidé isolated from the lima bean lectin; contéining

FuclMan4GlcNAc2—Asn, and is shown below..
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Man—Man—Man—GlcyA*GlgNAc—Asn

Y
/7
S /

_Man Fuc
It is -interesting to observe that the fucose residué is most probably
linked to one of the internal GlcNAc residues.

" A glycope?tide isolated from the plant proteolytic enzyme,
bromelaiﬁ, shows a marked similarity to sainfoin lectin in carbohydrate
composition (54). The glycopeptide was composed of GlcNAc, mannose,
xylose, and fucose in the molar ratios of 2:3:1.  From de£ailéd
chemical and enzymatic studies, a structure was proposed for the carbo-

hydrate moeity of bromelain, and is shown below.

Man-Man
Fuc-Man

Xyl-GlcNAc~GlcNAc-Asn

Recently the first mammalian lectin was isolated in pure form from
rabbit liver, and two different glycopeptides were isolated from pro-
nase digests of the lectin (45). One of the glycopeptides was very
similar in structure to the glycopeptide isolated from SBA. " The
second glycopeptide is much more complex and contains GlcNAc, mannose,
galactose, and sialic acid, a mpnosaccharidé usu#lly found in animal
. glycoproteins but not in plant glycoproteins.

Several generalities of structure have begun to emerge for the

majority of lectins. The glycopeptide linkége most commonly consists
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of a N,N-diacetylchitobiose unit (GlcNAc-GlcNAc) covalently linked to

asparagine. Also, a residue of mannose is usually linked to the

diacetylchitobiose unit through a.B-linkage. Additional mannose resi--

dues are uéually iinked to the oligosaccharide chain tﬁrough a-linkages.

O~I~Fucose is usually found to occur in a terminal ﬁon—reducing éosition

and may be linked to interior residues of the oligosaccharide chain. |
From the presently known carbohydrate structures, it appears

Qery likely that sainfoin lectin contains the commonly found

N,ﬁ—diacetylchitébiose unit, which is linked N-glycosidically to

asparagine providing the carbohydrate—peptide linkage. In an effért

to gain some structural information concerning the oligosaccharide

side chain, the glycopeptidé was-incubated in the presence of several

" commercially available glycoéidases. Incubations in the presence of

" g~mannosidase, a—erucqsidase,.and B-N-acetylglucosaminidase all failed

“to show the release of detectable levels of carbohydrate. The absence

of relegsg of carbohydrate in the presence of B-N—acetylglucésaminidase

is not surprising, as the various glycosidases are activé on only

terminal non-reducing sugars and it is believed that the Gl?NAc present

is in an internal position. The fesistance 6f the glycopeptide to

g-mannosidase is also not wholly unexpected. Typically, one mannose

is linked to the diacetylchitobioée through a B-linkage which is

resistant to O-mannosidase) and usually occupies an internal éosition.

-

The second residue of mannose present is most likely linked to the
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first mannose residue. The linkage could be of the B-configuration
or interior to either fucose or xylose, both of which typically
occupy terminal non-reducing positions.

Since fucose is predominantly found to occur in a terminal non- .
reducing position, the absence of release of fucose by 0~L-fucosidase
is surprising. It is not known whether the resistance to digestion
is a résult'of the anomeric configuration of the glycosidic 1inkaggSf
a result of xylose occupying the only terminal non-reducing position,
or other unknown structural or steric factors. Howéver, a reasonable
hypothetical structure can be proposed, based upon the current results
‘of other inveétigations and the glycosidase digestion data, and is

shown below.

COOH

Thr

Glu

Xyl-Man-Man-GlcNAc-GlcNAc-Asn.

Fuc Ser

M

Xylose occupying the proposed non-reducing position could
account for the resistance to 0~-mannosidase and B-N-acetylglucosa-
minidase. If fucose is linked to an interior GlcNAc, as found in the

_lima bean lectin, molecular interaction with, or a steric hindrance

by the peptide portion, may be responsible for the resistance to
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o~L-fucosidase. :Resistance to fucosidase could also concei&ably be a
résult of an unreactive anomeric configuration.

Unfortunately, B-D-xvlosidase is commercially unavailable. It
would be of great interest to expose the glycopeptide to xylosidése
and establish if xylose does indéed occupy the proposed terminal
position., - If this were the case,'sgquential'digestion withlmahnosi-
dase, fucosidase, and B—N~ace£ylglucosaminidase following xylosidase
digestion, could yield extensive information on the oligosaccharide
structure and sequence.

Further elucidation of.the structure of the oligosaccharide chain
is beyond fhe tenure of this present study. Additional techniques
such as methylation or periodate oxidation, as well as a more complete
selection of glycosidases will lead to a future .determination of the

carbohydrate sequence and structure.

Arino Acid Seduence Analysis of the Glycopeptide

The amino acid sequence of the glycopeptide was determined by a
combination of. subtractive Edman degradation and alkylation with iodo-
acetic acid (carboxy methylation) under alkaline conditions.  The

sequence was established as

HZN—Ser-Asn-Glu—Thr-COOH

(CHZO)'
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Examination of a large number of glycopeptides with the GlcNAc-
Asn glycosidichlinkage has revealed a common amino acid sequence near
the Asn (3). This sequence is either Asn-X-Ser or Asn-X-Thr,.with the
carbohydrate linked to the Asn.  Marshall (3) suggested that in the
sequence Asn-X-Thr (Ser), a hydrogen bond is formed between the side
chain carbonyl of asparagine and the hydroxyl group of the hydroxy
amino acid, as shown in Figure 13A. |

lThe élycopeptide isolateq in this study contains a sequence which
is consistent with this common structure. A space filling model of the
~glycopeptide incorporating the H-bond between Asn and Thr was const¥ucted.
The resulting three-dimensional struéture.suggested i£ was just as
likely that a H-bond éhould also exist between the free amino group of
serine and the carboxyl group of the glutamic acid side chain._ This
proposed structure is shown schematically in Figure 13B. |

The proposed structure could be expected to accéunt for the glyco~
peptide'’'s resistance toward‘further enzymatic degradation by amino-
" peptidases (in prqnase)'and carboxypeptidase. Both terminal amino
acids are involved in hydrogen bonded structures which could limit
their availability to the proteolytic enzymes. Additionally, the
bulky carbohydrate'portion, pexr se, may limit proteolytic hydrolysis.
Feasibility of this model is enhanced by the obskrvation that dansyl
chloride failed to react with the seriﬁe amino group in significant

yield, wherease ninhydrin, iodoacetic '‘acid, and phenylisothiocynate
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Fig. 13. A) Schematic model demonstrating the H-bonding present
in GlcNAc-Asn linkages, as proposed by Marshall et
al., Ref. #3.
B) Schematic model proposed to demonstrate H-bonding
present in a glycopeptide isolated from Sainfoin

lectin.
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did. Involvement of the serine amiﬁo group in an ionic bond with the
- glutamyl carboxyl group would lower its pKa and thus limit reéction_
with short half-life reagents such as dansyl chloride. The nearness
of the glutamyl carboxyl groub to the threonine residue could also
contribute to the observed carboxypeptidase resistance.

The study of lectins and plant glycoproteins is étill in its
infancy. Soﬁe structural features of these compounds are beginning
to emerge, but many more glycoproteins (both plant and animal) need to
be isolated and charaéterized before any firm_generalizatiohs can be
made as to their chemical constitution. At present, next to nothiﬂg
is known about the function in natﬁre of most piant glyéoproteins,
be they lgctins, toxins or other proteins, and no clear role for their
carbohydrate side chains has yet emerged. |

The renewed interest in lectins and plant biochemistry in general
will hopefully lead to systematic studies of pléﬁt glycoproteins. Such
studies wi;l provide much needed insight into Lhe chemistry and physio-
logical functioné of these moleéules and may also contribute to the

.improved utilization of plants by man.




SUMMARY AND CONCLUSIONS

A lectin isolated from the seeds of sainfoin (Onobrthis Viéii—
folia, Scop. var Eski) was shown to be a glycoprotein.. Colorimetrié
analysis by the phenol-sulfuric acid method indicated thellectin con-
tained 2.6% ﬁeutral sugar by weight.

A glycopeptide accounting for 70% of the total éarbohydrate waé
isolated from pronase digests of the lectin by gel filtration chroma-
tography. Amino acid anélysis of the glycopeptide demonstrated the
presence of'two residues of glucosamine per protein monomer, corfes—
ponding to 1.6% amino sugar by weight. Gas-liquid chromatograéhy
analysis after hydrolysis and derivitization to the corresponding
alditol acetates showed the presence of fucose, xylose, and mannose in
a.molar rétio of 1l:1:2.

Amino acid analysis also demon%tréted the presence of equimolar
guantities of aspartic acid, threonine, serine, and glutamic acid. 1In
addition, one residue of ammonia per mole of glycopeptide was liberated .
on amiﬁo acid analysis, suggesting the presence of one amide group in
the glycopeptide. Higﬁ voltage electrophoresis of the glycopeptide at
" pH 6.5 indicted the presence of a single net negative charge. Pre-
sumably, the amide group is present as aspéragine.and the net negative
charge is related to the acidic side chain of glutamic acid.

Treatment of both the intact lectin and the purified glycopeptide

with mild base failed to show any evidence of B-elimination, suggesting
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an N-glycosidic N-acetylglucosamine-asparaginyl lecopeptide.linkage.
Hydrazinolysis and amino acid aﬁalysis of the glycopeptide indi-
cated that threonine was tﬂe carboxyl terminal amino acid.. Alkylatioﬁ
combined with subtractive Edmén degraaation established the amino acid

sequence as,

A HZN-Ser-—'Asn—Glu—Thr—COOH

UCHZO?'

confirming the hydrazinolysis résults.‘

Inéubation of the glycopeptide with oO-mannosidase, B-N-acetyl-
) gldcosaminidase, and O-L-fucosidase showed ‘that the carbohydrate moeity
of the lectin was resistant to all three.of the glycosidases. Resis-
tance to glycosidase digestion and correlation with the éurrent liter—
. ature led to the proposal of a likely étructure'fér the glycoéeptide,

and is shown below:

..H2N—Ser~Asﬁ—Glu—Thr—COOH
'GlcNAc—GlcNAc—Man—Man—Xyl

Fuc

Future study is necessary for complete characterization of the

~ glycopeptide. - Conditions to allow more complete proteolysis of the

. glycopeptiae must be determined, as definitive evidence for the GlcNAc- -

- Asn linkage would involve isolation of a glycopeptide with only aspara-

- gine present. In addition, techniques suqh'as~m¢thylation and Smith
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degradation, as well as a more cbmplete assortment of glycosidases will
allow the determination of the sequence and structure of the carbohy-

drate moeity.
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