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A lectin specific for chito-oligosaccharides from the 
exudate of ridge gourd (Luffa acutangula) fruits has 
been purified  to homogeneity by  affinity chromatog- 
raphy.  The  lectin  has a molecular weight of 48,000, an 
S X , , , ~  of 4.06 S and  a  Stokes  radius of 2.9 nm.  Upon 
sodium dodecyl sulfate-polyacrylamide gel electropho- 
resis, a single  band  corresponding  to M, of 24,000 was 
observed both in  the  presence  and absence of &mer- 
captoethanol. The  subunits  in  this  dimeric  lectin  are, 
therefore, held together solely by noncovalent inter- 
actions. The  lectin is not a glycoprotein, and secondary 
structure analysis by CD measurements showed 31% 
a-helix.  The  hemagglutinating  activity of L. acutan- 
gula agglutinin  was not inhibited by any of the mono- 
saccharides tested. Among the disaccharides only di- 
N-acetylchitobiose was  inhibitory.  The  inhibitory po- 
tency of chito-oligosaccharides increased  dramatically 
with  their size up to penta-N-acetylchltopentaose. The 
lectin  has  two  binding  sites  for  saccharides.  The  affin- 
ity of chito-oligosaccharides for L. acutangula lectin, 
as monitored by titrating  the changes in  the  near UV- 
CD spectra  and  intrinsic fluorescence, increased strik- 
ingly  with  the number of  GlcNAc units in them. The 
values of AG, AH, and A S  €or the  binding process 
showed a pronounced dependence on the size of the 
chito-oligosaccharides, indicating that  the binding of 
higher oligomers is progressively more favored ther- 
modynamically than di-N-acetylchitobiose. The ther- 
modynamic data are consistent with an extended bind- 
ing  site in this lectin, which accommodates a  tetrasac- 
charide. 

Lectins, a class of hemagglutinating proteins  are ubiqui- 
tously distributed  in  nature (1-5). Because of the high degree 
of selectivity shown by the individual lectins for their  inter- 
actions with glycoproteins and glycolipids (6-8), lectins  are 
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increasingly being employed as highly discriminating macro- 
molecular probes in lymphocyte mitogenesis, in  the purifica- 
tion of glycoproteins, in the study of cell surfaces of normal 
and cancerous cells, etc. (3, 4). 

Lectins were initially discovered in plant seeds and  there- 
fore, these lectins have  been most widely studied. Reports on 
their role in  plants which relate  their  turnover in seeds may 
shed light on their  functions  in development and differentia- 
tion,  and in root-bacterium symbiosis. Lectins, however,  have 
also been found in  other parts of the  plant (2, 9). Currently, 
major efforts are being directed toward elucidating the rela- 
tionship of lectins isolated from various parts of the plants 
and  their overall function. In  this regard, the discovery of a 
lectin from the phloem exudate of pumpkin (Cucurbita mu- 
h a )  and some other cucurbits (10) provides an opportunity 
to investigate their functions in view  of their unusual location 
in  plants. The sugar specificity of these lectins was shown to 
be directed toward di-N-acetylchitobiose’ ( l l ) ,  similar to  the 
lectins from wheat germ (12), potato  tubers  (13),  thorn apple 
(14), and  tomato  fruits (15, 16). In  this study we report the 
isolation and characterization of a chito-oligosaccharide-bind- 
ing lectin discovered in the exudate of ridge  gourd (Luffu 
acutangula) fruits  as  a prelude to our studies on the structure- 
function  relationship of exudate lectins. Lectins binding to 
GlcNAc or its oligomers  have  been described in the recent 
years; however, they  appear to exhibit multiple specificities 
for binding to carbohydrate ligands (17-19), Therefore, the L. 
acutangula lectin should prove to be a valuable probe for 
studying the expression, biogenesis, and  structure of chitobio- 
syl-containing glycoproteins. We  show that  this lectin pos- 
sesses a  rather highly extended binding site which  accommo- 
dates  a  tetrasaccharide. This lectin, therefore, differs from all 
other GlcNAc-binding lectins including those from the other 
cucurbits? The most likely arrangement of the GlcNAc units 
in the combining region of this lectin is also proposed. 

The abbreviations used are: di-N-acetylchitobios, N,N’-diace- 
tylchitobiose; tri-N-acetylchitotriose,  N,N‘,N“-triacetylchitotriose; 
tetra-N-acetylchitotetraose, N,N’,N”,N”-tetraaacetylchitotetra- 
ose; penta-N-acetylchitopentaose, N,N,N”,N“‘,N“”-pentaacetyl- 
chitapentaose; ManNac, N-acetyl-D-mannosamine; LacNAc, N-ace- 
tyllactosasmine; MeaGlcNAc, methyl-2-acetarnido-2-deoxy-a-~-glu- 
copyranoside (MePGlcNAc refers to (3 anomer); PBS, phosphate- 
buffered saline (0.02 M sodium phosphate buffer (pH 7.4) containing 
0.15 M NaCI); PME, P-mercaptoethanol; GuHCI, guanidine hydro- 
chloride; SDS, sodium dodecyl sulfate; ConA, concanavalin A WGA, 
wheat germ agglutinin; PAGE, polyacrylamide gel electrophoresis; 
dansyl, 5-dimethylaminonaphthalene-1-sulfonyl. 

Appeared as abstracts  in the following: Anantharam, V., Patan- 
jali, S. R., and Surolia, A. (1983) in the Third Congress of the 
Federation of Asian and  Oceanian  Biochemists, Bangkok, Thailand, 
Nov. 29-Dec. 2, 1983, p. 75; Surolia, A. (1984) in the International 
Symposium  on Biomoleculer  Structure  and  Interactions, Bangalore, 
India, Dec.  17-22,  1984,  p.  43. 
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EXPERIMENTAL  PROCEDURES AND RESULTS3 

DISCUSSION 

This  report describes the  purification  and  characterization 
of a  highly specific, chito-oligosaccharide-binding lectin  from 
the  exudate of L. acutangula  fruits. A  molecular  weight of 
48,000 for the  native  protein  and 24,000 for  the  denatured 
protein  obtained by several  methods allowed us to  conclude 
that  the  protein  is composed of two identical  subunits.  Since 
the molecular  weight of the  native  lectin  as well as  that of its 
subunits  obtained by denaturation with  sodium dodecyl sul- 
fate  or  guanidine HC1 did  not vary on  treatment with ,B- 
mercaptoethanol, disulfide bonds  are  apparently  not involved 
in  subunit  association of this dimeric, cysteine-containing 
lectin. Its  hydrodynamic  properties  are  consistent  with  those 
expected  for a globular protein. L. acutangula lectin  is  char- 
acterized by a high content of a-helix. The absence of ,B- 
pleated  structure  appears  to  be a distinct  feature of this 
protein when compared  with  most  other  lectins (70-72). 

Unlike  wheat germ agglutinin  (WGA)  (73),  the  agglutinat- 
ing  activity of L. acutangula  lectin  is  not  inhibited by GlcNAc 
or  its methylglycosides. In  this  respect  it differs from  potato 
(72), thorn  apple (17), and  other  cucurbits (11) as well, which 
are weakly inhibited by GlcNAc. The  other  N-acetylated 
hexosamines  tested were also ineffective. This  lectin is spe- 
cifically inhibited by di-N-acetylchitobiose  and  higher oligo- 
mers of GlcNAc, and  their  potency  increases  strikingly with 
increase in their size. When  compared  with WGA, which is 
almost equally inhibited by tri-N-acetylchitotriose  and  tetra- 
N-acetylchitotetraose,  and  the Cucurbita pepo lectin where 
di-,  tri-,  and  tetrasaccharides  are equally potent  inhibitors 
(11,  72), the L. acutangula  lectin  is  notably  better  inhibited 
by tetra-N-acetylchitotetraose and  penta-N-acetylchitopen- 
taose,  implying  an even more  extended  combining  site  than 
in  any  lectin  with  related specificity. This  lectin resembles 
marrow  lectin  and WGA in  its  ability  to recognize the  internal 
di-N-acetylchitobiosyl  sequences  in  the  N-linked glycopep- 
tides  from  fetuin,  ovalbumin,  and soybean agglutinin (11, 35, 
74, 75). Higher  activities of the glycopeptides  could be  due  to 
additional  interactions  with  the  sugar  residues  in  the  branch- 
ing regions or  due to  a better  orientation of the  appropriate 
di-N-acetylchitobiosyl  conformer  in  these complex carbohy- 
drates. However, the possibility of multiple  interactions,  also 
termed as “cooperative effect” as observed for WGA (76, 77) 
may be ruled out  to  explain  the  stronger  binding of L. acutan- 
gula  agglutinin  to  these glycopeptides, as  the soybean agglu- 
tinin glycopeptide,  which is devoid of GlcNAc residues in  the 
branching region, is an equally potent  inhibitor when  com- 
pared  with  the glycopeptides from  fetuin  and ovalbumin. The 
recognition of these glycopeptides by  the  lectin  appears  to  be 
exclusively mediated by the  core di-N-acetylchitobiosyl  se- 
quence  in  these glycopeptides. This  is  also  consistent  with 
our  failure to  observe  the  inhibition of agglutination by the 
oligosaccharide  derived from endo-/3-N-acetylgIucosamini- 
dase H treatment of soybean  agglutinin glycopeptide. The  
residues on either  side of the  di-N-acetylchitobiosyl sequence 
by themselves  do  not,  therefore,  contribute  appreciably  to  the 

Portions of this paper (including “Experimental  Procedures,” 
“Results,” Figs. 1-6, and  Tables I-VI) are presented  in miniprint at 
the end of this paper. Miniprint is easily  read  with the aid of a 

the Journal of  Biological Chemistry, 9650  Rockville Pike,  Bethesda, 
standard magnifying  glass.  Full  size photocopies are available  from 

MD 20814. Request Document  No.  85M-2245, cite the authors, and 
include a check or money order  for  $7.20 per set of photocopies.  Full 
size photocopies are also included  in the microfilm edition of the 
Journal that is available from Waverly Press. 

binding  Better  orientation of the  di-N-acetylchito- 
biosyl  sequence in  the  core region of these glycopeptides is, 
therefore  presumably responsible for  the higher potency of 
glycopeptides  when compared  to chito-oligosaccharides them- 
~ e l v e s . ~  Equilibrium dialysis data show that  the  stoichiometry 
for  the  lectin-sugar  interaction  is 1 per polypeptide chain. 
The  near UV-CD spectrum of L. acutangula lectin shows 
considerable  ligand concentration  and  size-dependent  en- 
hancements  in  the  molar ellipticities.  An  increase in A6 in the 
difference spectrum of the  protein corresponding to  the  tryp- 
tophanyl  side  chains  correlates qualitatively  with the  molar 
ellipticity changes observed in  the  near UV-CD spectrum, 
suggesting that  most of these  changes  can be ascribed to 
perturbation of tryptophan  absorbance  in  the  protein? 

The  enhancement  in  the  lectin fluorescence, which is  typi- 
cal of tryptophan emission in  proteins,  and  its  blue  shift on 
binding to  chito-oligosaccharides are  related  to  the  number of 
GlcNAc units  in  these  saccharides  and reflect some  unique 
spatial disposition of the  bound  saccharides  with  respect  to a 
tryptophan residue in  the  binding site.7 Increments  in blue 
shift  indicate a  progressive increase  in hydrophobicity of the 
environment  around  the  tryptophan  residue(s) with increase 
in  the size of the saccharide. 

The  association  constants (K,) obtained by fluorescence as 
well as near UV-CD titrations differ greatly from one  ligand 
to  another.  The  binding  affinities of L. acutangula lectin for 
various  saccharides as obtained from  fluorescence and  CD 
spectroscopy  show a more  pronounced effect on ligand  size 
than  that observed  for potato  lectin  and WGA (72, 79). The 
affinity of penta-N-acetylchitopentaose, tetra-N-acetylchito- 
tetraose,  and  tri-N-acetylchitotriose  is  about 550, 78, and 9 
times  greater, respectively, than di-N-acetylchitobiose. 

The increase  in  the values of association  constants (K,) 
with  ligand size is apparently  not  related  to a statistical 
increase of binding  probability for the  combining  site accom- 
modating a  single sugar residue, as  the  magnitude of the 
affinities  is  much higher than  what could be ascribed  to 
statistical effects (80). Alternatively, this  consistently large 

We  have  also  examined the binding of soybean  agglutinin  glyco- 
peptide to the L. acutarzgula lectin by fluorescence  spectroscopy  where 
the extrapolated  change  in  fluorescence intensity for  totally  bound 
glycopeptide [Om] amounts to 16% with a 2 nm  blue shift in the 
emission  maximum in the fluorescence of the lectin. The values  of K. 
at 23,28,  and 36 “C are 2.29 X IO5 M-’, 1.995 X lo5 M-’, and 1.349 X 
IO5 M”, respectively. These values are quite close to the values 
obtained for penta-N-acetylchitopentaose. The values  of -AH and 
-AS at 23 “C are 32.5 kJ  mol” and 7.1 J mol” K”, respectively. A 
more favorable entropy when  compared to the values obtained for 
chito-oligosaccharides is presumably  responsible for the strong bind- 
ing of the glycopeptide and may reflect a better  juxtaposition of the 
glycopeptide determinants for the binding to the lectin. No enhance- 
ment was  found on addition of soybean  agglutinin  AsN-oligosaccha- 
ride (5 PM) and 14C-labeled  Asn-GlcNAc (10 NM) at concentrations 
indicated in parentheses. However, since no  thermodynamic  results 
are available in the literature to compare the binding of glycopeptides 
to L. acutarzgula lectin, this phenomenon  deserves  greater attention. 

The fact that this lectin does not  bind to N-1-[1-deoxy-N,N’- 
diacetylchitobiitol]-aminoethyl-Biogel P-300 (78), an affinity  matrix 
with a high density of P-D-G~CNAC residues,  also  supports the conclu- 
sion that multiple interactions involving  binding to monosaccharides 
alone are not  sufficient to stabilize the complex. 

V. Anantharam, and A. Surolia,  unpublished  observations. 
?Among the 3 tryptophan  residues in the protein only  one is 

accessible to N-bromosuccinimide  when the reaction is carried out 
under  native  conditions. The modification of this tryptophan  residue 
located on the surface of the lectin  completely  abrogates its carbo- 
hydrate-binding  ability (V. Anantharam  and A. SuroIia,  unpublished 
observations). The ligand-induced alterations in the emission  spectra 
of the lectin  can  therefore be ascribed to the Perturbation of the 
surface tryptophan residue  which  is  also  involved in its activity. 
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TABLE VI1 
Proposed arrangement of chito-oligosaccharides in various subsites of 

L. acutangula lectin and AG and AH contributions of each subsite 
for the ligand binding deduced from Table VI 

These @(14)- l inked saccharides are  arranged  in their respective 
subsites with the reducing end  to  the right. The contribution of each 
subsite to  the association of an oligosaccharide with L. acutangula 
lectin was calculated by comparing AG and AH values for pairs of 
saccharides which differ by a single sugar residue. It  is assumed that 
an additional sugar residue (italicized in the table) is bound at  the 
subsite listed in  the column with its contribution to AG and AH as 
determined by comparing the values for pairs of saccharides. 

A B C D E 
Contribution to 

-AG -AH 
kJ mol" 

GlcNAc 
GlcNAc-GkNAc 17.0 41.0 
GlcNAc-GlcNAc-GkNAc 5.3 6.9 
G~~NA~-G~~NA~-G~cNAc-G~NAc 5.4 8.0 
GlcNAc-GlcNAc-GlcNAc-GlcNAc-GlcNAc 5.1 0.1 

increase in  the K,, values for the binding of the lectin to 
saccharides with increase in their size can be explained if one 
assumes that  the combining site of the lectin consists of a 
number of subsites, each of which accommodates one sugar 
unit,  and  that  the association of a given subsite with a single 
sugar moiety is  independent of other  units in the saccharide. 
With  the assumption that  the -AG for any saccharide equals 
the sum of the free energies from each subsite filled, the 
contribution of -AG from each subsite  in the lectin is obtained 
by comparing a  pair of saccharides, and these values, together 
with the probable positions for the binding of saccharides, are 
listed in Table VII. B, C, and D are  strong binding subsites, 
E is a moderate affinity subsite, and subsite A is unfavorable, 
since GlcNAc does not bind. The fact that  there is a  striking 
increase in -AG of binding as  additional units of GlcNAc are 
added would support  our view that B-C-D-E are contiguous 
favorable subsites.' 

The thermodynamic  parameters  obtained from the temper- 
ature dependence of K,  values differ appreciably for oligosac- 
charides of different length (Table VI). Subsites C, D, and E 
contribute 6.9, 8.0, and 0.1 kJ mol", respectively, to  the 
binding enthalpy of the corresponding GlcNAc residues of the 
saccharides. In light of these  data, we consider this lectin to 
possess an extended binding site which accommodates a tet- 
rasaccharide. This is in marked contrast to concanavalin A, 
where the values of -AH remain constant with the increase 
in the chain  length of cu(l-+2)-linked manno-oligosaccharides 
(81). In WGA, the values of -AH are ligand chain  length- 
dependent  up to  the trisaccharide; however, the effect is larger 
for the disaccharide di-N-acetylchitobiose over that observed 
for GlcNAc (82). It is interesting to compare here the situation 
of L. acutangula lectin  with lysozyme, where the bindings of 
GlcNAc, di-N-acetylchitobiose, and tri-N-acetylchitotriose 
show a pronounced increase in -AH with increase in ligand 
chain length (83, 84). Likewise, a  striking increase in  the 
values of -AH would imply more extensive hydrogen bonding, 
and van der Waal's interactions  in the binding site of L. 
acutangula lectin as  the dimensions of the saccharide(s)  are 
increased. Practically unchanged values of -AH for penta-hr- 
acetylchitopentaose when compared with tetra-N-acetylchi- 
totetraose  indicate that contribution of subsite E to binding 

Schematization of the binding positions represented here may be 
an oversimplification of the binding process; however, the increase in 
the fluorescence intensity and  the blue shift accompanying the ligand 
binding have allowed us to prefer the saccharide locations on various 
subsites as outlined  in  Table VII. 

enthalpy is insignificant. However, a comparatively low value 
of - A S  for penta-N-acetylchitopentaose suggests that  the 
binding of this saccharide is highly favorable. The values of 
-AS, which are larger than  the entropies of mixing (511, also 
show a progressive increment  as the number of GlcNAc units 
in  the saccharides increase (up  to  the tetrasaccharide).  These 
unfavorable changes in entropy conceivably reflect loss in 
translational  entropy  and/or changes in  conformationts) of 
the saccharides and/or the lectin. Nevertheless, the binding 
of saccharides to L. acutangula lectin is highly favorable 
because of an increase in  the values of -LW which outweighs 
the unfavorable contribution of change in entropy. 
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Addendum-The values of the association constants for the bind- 
ing of hexa-N-acetylchitohexaose (from Seikagaku Kogyo Co., Ltd., 
Tokyo, Japan)  to L. acutangula lectin are 1.13 X lo6 "I, 7.5 X lo6 
"I, 5.3 X lo6 "I, and 2.75 X lo6 at 15,20,25, and 36 "C, respectively. 
The values of -AG, - A H ,  and -AS correspond to 32.67 kJ mol", 55 
kJ mol", and 75 J mol" K" at 25 "C, respectively. 

A lack of increment in  the value of -AH for the binding of hexa- 
N-acetylchitohexaose when compared with tetra-N-acetylchito- 
tetraose is consistent with our proposal that  the combining region of 
L. acutangula lectin is most complementary toward tetra-N-acetyl- 
chitotetraose. 
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Supplement t o   I J o l a t i o n  Hacrmolecular Proper t ies   and   Combining   S i te  of a 
ChitP-el igosaCCharide  Sbecif ic   Lect in   f rom  the  Exudate   of   Ridge Gourd 
(Luffa acu tanqu le ) .  

Vellareddy  Anantharam,  Sankhavdram R. P a t a n j a l i ,  M .  Joginadha Swamy, 
Ashok R. Sanad i ,  I rw in  J. Goldstein  and  Avadherha Surolia.  

ExDerimental   Procedures 

Materials:  Sephazose-68, SephadeX GlW, G 5 0 .  G 2 5 ,  G 1 5  and GI0 were 
producte   o f   Phamacia ,   Uppaala ,  Sweden. Pro te ins   used  as molecular weigh t  
markers in gel chromatography as well as SDS molecular weight  markers,  
mannosamine  hydrochloride N-Lset l l a c t o s a m i n e   c h i t i n .   f e t u i n .  concanavalin 

5c+x8,-x2: oarex 1-x8 and ~ a n s y l  amino'acids  were'products of sigma chemical  
A (con A) *eat g e m  a g g i u t i n i n  Iwa] ova lbuhn   neu ramin idase .  -ex 

Co., St .   Louis .  U.S.A. Endo-8-N-acetylglucoraminidase H was a product   o f  
Koch-Light   Laborator ies .   Soybean  agglut inin wae prepa red  as desc r ibed  In 
(20).  Con A and WGA were  Coupled t o  Sephamse-68  by  the  method of March 
e t  a l .  (21).  Sodium boro  [%] hydride.  ['251] NaI and  [14C] forfnaldehyde 
were produc t s  of h e r s h a m   C o r p o r a t i o n .   ~ l l i n o i s  U S A Radioac t ive  measure- 
ments We- done using 1275 'Mini G-a gamma &t;r'Model 43. LKB (WallaC) 
and  on LKB [ l la l lac]   1217 Rack b e t s   l i q u i d - s c i n t i l l a t i o n   c o u n t e r ,   w i t h   t h e  
a i d   o f   s c i n t i l l a t i o n   f l u i d  made up by d i s s o l v i n g  800 mg of  dlphenyloXazO1e 

100 m l  o f   T r i t o n  X-100. All other   Chemicals  were comercia1 produc t s  Of t h e  
and 20 mg of 1.4-bis  [5-ph;nylorar~le-2-y1]  benzene  in ZM) m l  of   toluene  and 

h ighes t   qua l i t y   ava i l ab le .   R idge   gourd   [L .acu tan ( lu l a ]   f ru i t s  were bought 
from local green grocers. 

MeChodq 

P r e p a r a t i o n  of  N-acetylmannoramine. M e t h y l - Z - a s e t ~ i d o - Z - d e o x y  a and P-C- 

I n  (22). Anomerr of   methyl  GlcNAc were prepa red  as d e s c r i b e d  i n  (23.24). 
glucoDVrenOaides: Mannosamins hydroch lo r ide  Was N-acetylated as d e s c r i b e d  

P r e n a r a t i o n   o f   c h i t i n  oliamsrs and  mann~oli .oracchar1d.s:   Chitin  hydro- 

s e p a r a t e d  on Biogel P-2 (26) and t h e i r   p u r i t y  Was asses sed  by t h i n  layer l y s a t e  was prepa red  as desc r ibed  by Rupley (25). The c h i t i n  oligomers Were 

chromatography (27). s[1->2] l i n k e d   M a n n o - ~ l i g o ~ a c c h a r i d e r  were prepa red  
a$ d e s c r i b e d  i n  (28).  

Analyt ical   Methods 

r - " - - - - ~  - ~ ~ 

a c i d  analyzer Model LKB 4400 a f t e r   h y d r o l y s i s  With 4N HCl a t  1OooC f o r  6h. 
. .  . 

Neut ra l  sugar was also determined by h y d r o l y z i n g   t h e   g l y c o p e ~ t i d e  i n  1 N  HCl 
for 4h a t  lW0C i n   s e a l e d  and  evacuated  tubes.   After  the removal Of acid .  ~~ 

t h e   h y d r o l y s a t e  was passed  through  Coupled columns Of Dowel 5C-X8 (H+ form) 
and  Dwex 1-X8 ( ace t a t e   fo rm)  (30). The n e u t r a l  lugsrs t h u s   e l u t e d  were 
d e t e c t e d  and q u a n t i f i e d  by phenol -su l fur ic   ac id   method.   Aspar t ic   ac id  from 
g lycopep t ides  i n  coIumII Chromatography  experiments was de tec t ed   by   n inhydr in  

oligosacchari;(es %ere c a r r i e d  Out on matman N0.1 papar 'by  the  descending 
r e a c t i o n  (31) Paper chromatography f o r   n e u t r a l  sugars hexosaminel  and 

technique   and   the   so lvent   Sys tem  used  was p y r i d i n e - e t h y l a c e t a t ~ - = t ~ ~ = c ~ t i c  
a c i d  (5:5:3:1) w i t h  pyridine-ethyl.cetdte-uater (11:40:6) i n  the   bot tom  of  
the  chromatography  chamber (32). P r o t e i n   c o n c e n t r a t i o n s  were determmed  by  
the  dye-binding  method  of  Bradford (33) or by t h e i r   a b s o r b a n c e  a t  280 m. 
h i n o  sugars were q u a n t i f i e d  as p e r   t h e   p r o c e d u r e  given i n  (34). 

as per   the   p rocedure   o f   L is  and Sharon (35) wi th  minor modi f i ca t ions  as 
d e s c r i b e d   b e l w  in b r i e f .  Soybean a g g l u t i n i n  (500 mg) 118s d i s so lved  in 80 m l  
of 0.1 M HC1 and i t s  pH a d j u s t e d   t o  2. The p r o t e i n  Was dena tu red   by   hea t ing  

NaW. 10 t h i s  s o l u t i o n ,  proms: (Calbiochem) (5 mg) i n  5 m l  of Iris buf fe r .  
t h e   s o l u t i o n   f o r  15 m i "  a t  50°C t h e  pH was then  brought  t o  pH 8.5 wi th  1 M 

pH 8.5 and 0.06 M in CaCl,. was added   and   the   mix ture   in tuba ted  for 72 h a t  
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P r e p a r a t i o n  of a s i a l o f e t u i n  and a a a l a s t o f e t u i n :   F e t u i n  was d e s i a l a t e d  by 
h e a t i n g   a t  BO'C i n  0.011 N &SO,. The e x t e n t   o f   d e s i a l a t i o n  was determined by 
t h i o b a r b i t u r i c   a c i d   m e t h c d  ( 3 7 ) .  A s i a l o f e t u i n  (503  mg i n   30  m l )  was incu- 
ba t ed   w i th   8 -aa l ac tos idaae   f rom  Jackbean  i n  0.15 M s o d i m   c i t r a t e   b u f f e r   a t  
pH 4.5 a t  1 u n i t / m l   c o n c e n t r a t i o n   f o r  120 h a t  37% (38).  The r e l e a s e d  
g a l a c t o s e  was q u a n t i f i e d  by n e u t r a l  sugar c o n t e n t   a f t e r   i t s   r e p a r a t i o n  from 
r e a c t i o n   m i x t u r e  using the   coupled  0-x 5 0  and Dowel 1 colmn and cha rcas l -  
c e 1 i t e  C O l r n .  

P r e p a r a t i o n  of b l inked   mlvcovep t ides   f rom  f e tu in .   a s i a lo fe tu in   and  
aqll laEtOfetUin:  N-linked  glycopeptides were prepared by the   procedure Of 
s p i r o  and  Bhoyroo (39) .  Fe tu in  ( 2  g ) ,  a s i a l a f e t u i n  (2 9) and   aga lac to fe tu in  
(400  mg) were i n c u b a t e d   s e p a r a t e l y   w i t h  0.8 M  NaBH4 i n  0.1 M NaOH a t  3TaC 
f o r  I 2  h. The r e a s t i o n   m i x t u r e  was b r o u g h t   t o  pH 5 . 0  by slwr e d i t i o n  of 4N 
a c e t i c   a c i d .  The sample was t h e n   t h o r o u g h l y   d i a l y s e d .   F e t u i n .   a s i a l o f e t u i n  
and   aga lac to fe tu in  were t h e n   s u b j e c t e d   t o   p r o n a s e   d i g e s t i o n   e t  37% in 
0.15 M T r i s   a c e t a t e   b u f f e r  pH 7 8 con ta in ing  1.5 mM ca lc ium  ace t a t e .  
I n i t i a l l y   t h e  1* ( w h )  of enz& ;as added  and again 0.5% (w/w) was added 
a f t e r  24 h  and 48 h   r e spec t ive ly .   Af t e r   96   h ,   l yoph i l i zed   p ronase   d iges t  
was di*sOlved i n  0.1 M p y r i d i n e   a c e t a t e   b u f f e r   a t  pH 5.0 and was f r a c t i o n -  

The glycopept ides   emerging i n  t h e   i n n e r  vollans of Sephadex G50 column were 
a t e d  i n  t h i s   b u f f e r  on Sephadex Cr50 t o  remove p a r t i a l l y   d i g e s t e d   p r o t e i n .  

d e t e c t e d   b y   n e u t r a l  SYgaP a n a l y s i s .  The g l y c o p s p t l d e   c o n t a i n i n g   f r s c t i o m  
w e n  pooled   and   aga in   subjec ted  to pronase d iges t ion   and   Pechrma tographed  

w r i f i e d  On Senhadex G25 and t h e   o e a k  e l u t i n a   i n   t h e  vo id  volume Was cha- 
On Sephadex Cr50 as mentioned above. The  glycopept ide thus  ob ta ined  Va6 

i a c t e r i r e d   f o r ' n e u t r a l  sugar, aminb suga; a n d - m i n o   a c i d s  as s t a t e d   i n   t h e  
h a 1  t i c a l  methods.   The  s t ructure  of t h e   f e t u i n   g l y c o p e p t i d e  (40) is g i v e n  

Ovalbumin (100 mg/4 m l )  was s u b j e c t e d   t o  two cycles of   p ronase   d i -  

i n  Frgure 1. 

g e s t i o n  i n  0.15 u T r i r   a c e t a t e   b u f f e r   p ~  1.8 a t  37%. I n i t i a l l y  I$ (w/w) 

PoCtiVely.  After 96 h .   t h e   l y o p h i l i z e d   p r o n a s e   d i g e s t  was d i s s o l v e d   i n  
Of enzyme We* added  and again O.% (w/w) waa added a t  24 h  and  48  h res- 

0.1 M p y r i d i n e   a c e t a t e   b u f f e r   a t  pH 5.0 and f r a c t i o n a t e d  i n  t h e  same b u f f e r  
on Sophsdex G50. The   g lycopep t ides   e lu t ed  in t h e  inner  volume of  Sephadex 
6-50 col- were c h a r a c t e r i z e d  for t h e i r  Chemica l   Empos i t ion  as above and 
t h e  m i X t U r 0  Of g lycopep t ide6  was u s e d   f o r   f u r t h e r   s t u d i e s .  The S t N C t U m  
of the  ovalbumin  glyCOPePtide8 (CW-GP) am given i n  (41-43). 

SBA-G? 

SBA-OS 

F.1-GP 

ASF-GP 

G - N  

Fig.1: s t r u c t u r e  

of g lycopep t ides  
and composition 

r i d e s   u s e d   f o r  
and o l igosaccha -  

hemagg lu t ina t ion  
s t u d i e s .  The 
fol lowing  abbre-  
v i a t i o n s  are used: 
5 ,  s i a l i c   a c i d ;  
M  mannose; 4. 
g h a c t o s e ;  G. 
GlcNAc; N. aspa r -  
gine; SBA-GP, 
soybean   agglu t i -  

581c-05. S E A  
" in   g lycopept ide ;  

o l igosaccha r ide ;  

g lycopep t ide ;  
F e t e ,   f e t u i n  

ASF-GP. a s i a l o -  
f e tu in .g lycc -  
pep t ide ;  IYiF-GP. 
a q a l a c t a f e t u i o  
g lycopep t ide ;  OV-GP. Ovalbunin 
g lycopep t ide .  In 
all c a s e s   t h e  core 

following: l a l ,  

4 W ? ,  4GBN. All 
6[1=1,31 Mkl, 

peripheral g a l  
and GlCNAc l i n -  

o f   t h e   l i n k a g e s  
kages are 8 .  r e s t  

are B .  Arabic 

s t r u c t u r e  is t h e  

t h e  linkage p o s i t i o n   t o   t h e   u n d e r l y i n g  sugar when shown. For de t e rmin ing  
t h e   r a t i o s .  amino acid  and  amino sugar were t aken  a$ r e f e r e n c e   f o r  glyco- 
pept ides   and  Oligosaccharides r e s p e c t i v e l y .  *In case o f   o v a l b m i n   t h e  
mix tu re   o f   g lycopep t ides  were u s e d   W i t h o u t   f u r t h e r   p u p i f i c a t i o n .  

numerals i n d i c a t e  

P r e p a r a t i o n  of Saybean   Agglu t in in   and   As ia lofe tu in  [14c1 mn qlYCoPeDtides 
LSBA-GP and ASF-GPb SBA-72 [l mg a$ mannose] and ASF-GP 11.5 mg a$ n e u t r a l  
sugar] were l abe l led   Wi th  [14C]  formaldehyde ( 3  pmol, 30 mCl/moll indepen- 
d e n t l y  by the  method  of Rlce and Means (44 ) .  The l a b e l l e d   g l y c o p e p t i d e s  
were p u r i f i e d  by gel f i l t r a t i o n  on Sephadex G l O .  

Treatment   of   r14Cl  label led SBA-GP and ASF-GF w i t h   e n d c - 8 - N - a c e t . l u c e -  
s amin idase  H: [14C] l a b e l l e d  SEA-GF [ 3 W  ilgs as m a m o J e .  con ta in ing  
2.2 x lo5 epml was mixed  with an equal  amount  of u n l a b e l l e d  SBA-GF i n  I m l  
Of 0.1 M  a c e t a t e   b u f f e r  pH 5 . 5 .  This  was then   Incubated   wi th  0.2 u n i t s  of 
endo-P-N-ace ty lg luco~~min idasc  H  f o r  20 h a t  37'C (45 ) .  The r e a c t i o n  was 

w a s  f r a c t i o n a t e d  en Sephadex 6 1 5  i n  0.01 M a c e t i c   a c i d  where 2 peaks con- 
s topped  by h e a t i n g   f o r  1 min i n  a b o l l i n g  wa te r   ba th  and t he   r eac t ion   mix tu re  

t a i n i n g   r a d i o a c t i v i t y  were observed.   Higher   molecular   &eight   [peak 11 which 
had 1%. r a d i o a c t i v i t y   o f   t h e   s t a r t i n g   m a t e r i a l  was pooled and chromatographed 
on D w e x  5 0 x 2  e q u i l i b r a t e d   w i t h  1 mhl p y r i d i n e   a c e t a t e   b u f f e r  pH 2 . 7 ,  and 
the   peak   con ta in ing   neu t r a l  sugar Which was devo id   o f   r ad iaac t iv l ty  was 
pooled. Lack of r a d i o a c t i v i t y   i n   t h e   n e u t r a l  Pugar c o n t a i n i n g   f r a c t i o n s  
i n d i c a t e d   t h a t  a l l  of t h e   u n d i g e s t e d   g l y c o p e p t i d e  and GlcNAC-AsN have  been 
s e p a r a t e d   f r o m   t h e   o l i g o s a c c h a r i d e   f r a c t i o n .  

also t r e a t e d   w i t h  0 .15  u n i t  of end~-D-N-acetylglucosaminidase H and  chi"  
matographed on a Sephader 6 1 5  column where a s i n g l e   p e a k   c o n t a i n i n s   r a d i b  
s c t i v i t y  was ob ta ined .  The only f r  

were coincident .   Based on t h e s e  we presume  the 
D W e x  5C-X2 w h e r e   t h e   f r a c t i o n s  con 

by enda-8-N-acetylglucoraminidase H  (46 ) .  

[I4C] i a b e l l e d  ASF-GP [500 kg as n e u t r a l  suqar. 1.9 x lo5 cpm] wa5 

a c t i o n   o b t a i n e d  was e l u t e d  again-on 
t a i n m g   r a d i o a c t i v i t y  and n e u t r a l  sugar 

I t  ASF-GP has  not   been  c leaved 

war Coupled t o  cyanogen bromide activated Sepharaae-68  (125 ml) i n  0.2 M 
PreDara i ion  Of a f f i n i t y  S U D D O r t :  Soybean a g c l u t i n i n   g l y c o p e p t i d e  (200 mg) 

sod ium  b i ca rbona te   bu f fe r  pH 9.0 f o r   1 6  h a t  4OC (21)   Af te r   b locking   the  
unreacted  groups  f rom  the gel and exhaust ive  Washlng. ' the  amount Of glyco- 
pept ide  Coupled was e s t i m a t e d   t o  be 350 po/m1 gel. 

P u r i f i c a t i o n  of r i d g e  4ouPd l e c t i n :  The b u f f e r   u s e d   i n  a l l  experiment3 was 
0.02 M sodium  phosphate. pH 7.4.   containing  0 .15 M  NaCl and  10 dl P-mercapto- 
e t h a n o l  (PBS-PME). All the   procedures  were c a r r l e d   o u t   a t  4OC. F r u i t s  were 
b l e d   ( 4 7 )  and exuda te  was c o l l e c t e d   i n t o  oxygen free b u f f e r .  The b u f f e r  

p r o t e i n   i n   t h e   s u p e r n a t a n t  was p r e c i p i t a t e d  by 65/ m o n i u m  w l f a t e .  The 
c o n t a i n i n g   t h e   e x u d a t e  was t h e n   c e n t r i f u g e d  a t  9000 a g f o r  10 mi" a n d   t h e  

p r e c i p i t a t e  was t h e n   d i a l y s e d   a g a l n s t  PSS-$ME. 

Af f in i ty   Chrma toa raDhy :  The clear s u p e r n a t a n t   f r o m   t h e   p r e v i o u s   s t e p  was 

loaded on soybean   agg lu t in in  glycopeptide-Se~harose-68 column e q u i l i b r a t e d  

p r o t e i n   c o u l d   b e   d e t e c t e d  in t h e  washings (h2a0 < 0.005). The bound p r o t e i n  
w i t h  PBS-@UE. The Column 118 washed  with  the 6 m e  b u f f e r  till no more 

Sed imen ta t ion   Ve loc i tv   and   equ i l ib r ium  measu remen t i :   Sed imen ta t ion   ve loc i ty  
mea8urements were performed a t  41000 r p m  w i t h  Beckman LB-70 u l t r a c e n t r l f u g s  

ZO°C in   p resence   and   absence   o f  1% pME and 6 M  guan id ine   hydroch lo r ide  

The s e d i m e n t a t i o n   c o e f f i c i e n t s  (&.) were c a l c u l a t e d  as d e s c r i b e d   i n  
(GuHC1). P r o t e i n   C o n c e n t r a t i o n s  In t h e  range of 0.6 t o  1.0 mghl were used. 

van Hold. (51). S e d i m e n t a t i o n   e q u i l i b r i u m   a n a l y s i s  was p e r f o m e d   w i t h  
SPinCO Model E analytical u l t r acen t r i fuge   equ ipped   Wi th  a pho toCles t r iC  
scanner. La, Speed (11.270 m) e q u i l i b r i u m   s e d i m e n t a t i o n  was c a r r i e d  out 

a t  20°C. For the,. s t u d i e s   n a t i v e   l e c t i n  ($so - 1.0) was d i8so lved  i n  PBS 
With  and  without ly @ME d i a l y z e d   e x t e n s i v e l y   a g a i n s t   t h e  same b u f f e r   t o   b e  
used as reference. The molecular   Weight  Was de te rmined  as described by 
Yphantis  (52). 

equippod  wi th  a p h o t o e l o c t r i e  ScaDnez.  The  experiments neze car r ied   Out  a t  

M1 f i l t r a t i o n :  Gel f i l t r a t i o n  was per fo rned  on Sophadex GloD i n   t h e  

NH2-tenninal end group   ana lys i s :   Qua l i t a t ive   NH2- temina l   end  group a n a l y s i s  

was ca r r i ed   ou t   by   t he   dansy la t ion   me thod   mod i f i ed   fo r   p ro t e ins  as d e s c r i b e d  
by Gray ( 5 7 ) .  W2-te rmina l  amino a c i d  was i d e n t i f i e d  by chromatography on 
Polyamide layers (58)  using  Dansyl  amino  acid5 as s t anda rd .  

c e n t r a t e d   i n  vacuo. hvdro lysed   i n   6 .0  N  HC1 a t  llO°C f o r   2 4   h   u n d e r   n i t r w e n  
4 i n o   a c i d  COmDOSitiQn: P ro te in   s amples  for amino a c i d  ana lyszs  were con- 

and ana lysed  on a &&an i2cc amino  acid analyser. Amino ac id  a&yses ~ 

were car r ied   ou t   us ing   the   s ing le-co lumn.   th ree   buf fer   sys tem (Durham 

d i m e t h y l s u l f o x i d e   t o   d e t e r m i n e   c y s t e i n e   r e s i d u e s   ( 5 9 ) .  The amino ac id  c o r n  
Chemical   Corporat ion) .  The l e c t i n  was also hydrolysed i n  t h e   p r e s e n c e  of 

p o s i t i o n  was de te rmined   u s ing  a computer  program  of Hoy et  al. (60) 
phsn  Content was determined  according t o   t h e  method of Barman  and  K&hl%te 
( 6 1 )   b o t h   i n   t h e   p r e s e n c e  and absence  of 8.0 M urea. T o t a l   t r y p t o p h a n  was 
also  determined   accord ing   to   the   method  of   Edelhoch   (62) .  The p a r t i a l   s p e c i -  
f i c  volume (?) was c a l c u l a t e d   a c c o r d i n g   t o  Schachman (63 ) .  G i n   b u f f e r  
c o n t a i n i n g  6 M GuHCl was assumed t o   b e  0.69 m l  g-', as a d i f f e r e n c e  of 0.~2 
i s  e x p e c t e d   i n   t h a t   s o l v e n t  (64 ) .  

Hemaaqlutination assay:  The a g g l u t i n a t i o n   a c t i v i t y  was a s s a y e d   a c c o r d i n g   t o  
the   photometr ic   method of L i s  and  Sharon  (65). The l e c t i n  was ser la l ly  
d i l u t e d   i n  0.5 ml o f   s a l i n e   i n  10 x 7 5  m t e s t   t u b e s .  To each  tube was added 
0.5 m l  o f   s t a n d a r d   r a b b i t   e r y t h r o c y t e   s u s p e n s i o n  s o  t h a t  an absorbance Of 1 
a t   6 2 0  nm was ob ta ined .   Af t e r  2 h  the  absorbance a t  620 m was recorded 

which is r e q u i r e d   t o  cause a 50/ d e c r e a s e  i n  t h e   a b s o r b a n c e  of e r y t h r o c y t e  
One h e m a g g l u t i n a t i o n   u n i t  [W]  is de f ined  &I the   amount   o f   the   l ec t in  [l'pg] 

SusPension i n  2 h. For 1 W A  a g g l u t i n a t i o n  [%20 < 0.071  the  amount  of  the 
l e c t i n   r e q u i r e d   i n   t h e  assay i n  2 kg/rnl. 

F o r   i n h i b i t L o n   s t u d i e s .   t h e   l e c t i n  [ B  rg/ml] wa5 incubated   wi th   vary ing  
c o n c e n t r a t i o n s   o f   s u g a r s  i n  0.5 rm f o r  2 h   a t  25% and n ixed   w i th  an equa l  
vo lume  of   s tandard   e ry throcyte   suspens ion .  Excess o f   t h e   l e c t i n   [ 4  hemagglu- 
t i n a t i o n   u n i t s   i n   f i n a l  assay v o l w ]  was used   i n   t he   hemagg lu t lna t ion   i nh i -  
b i t i o n  assay t o  ensure t h a t   a g g l u t i n a t i o n  is complete   in   the  absence  of  
i n h i b i t o r .   A f t e r  a 2 h  incubat ion   the   absorbance  was measured a t   6 2 0  nm. 
P e r c e n t a g e   i n h i b i t i o n  W 8 5  CalCula tLd  f rom  the   ra t io  Of the  absorbance  of   the  
tubes   con ta in ing  a mix tu re  of t h e   l e c t i n  and t h e   i n h i b i t o r ,   t o   t h o s e  con- 
t a i n i n g  cell suspens ion   a lone .  The amount   o f   inh ib i tor  giving the same 
absorbance a6 t h a i  of t he   Con t ro l   [w i thou t   l ec t in ]  was t aken  as t h e  va lue  f o r  
1W.A i n h i b i t i o n .  

Reduction o f   t r i -N-ace ty l   ch i to t r io se :  To d r i e d   t r i - N - a c e t y l   c h i t o t r i o s e  

Of 0.05 N sodium hydrox ide   so lu t ion  Was added  and t h e   r e a c t i o n   m i x t u r e  Was 
(10.0 WJ) i n  PBS, sodium  bora ['HI hydride  (4.0 q. 100 m C i / m o l )   i n  5 0  pl 

i n c u b a t e d   a t  50°C f o r  30 min. Un labe l l ed  Sodium borohydr ide  (10.0 mg) was 
Subsequently  added  and  the  reaction war cont inued   for  an a d d i t i o n a l  30 min. 
The r e a c t i o n  was t knn ina ted  by n e u t r a l i z a t i o n   w i t h   0 . 7 5  N s u l p h u r i c   a c i d .  

water   and   a l iquot%  of   each   f rac t ion   e lu ted  were counted on a s c i n t i l l a t i o n  
The r e a c t i o n   m i x t u r e  was then  loaded on a Biogal P-2 column e q u i l i b r a t e d   i n  

Counter.  The p e a k   f r a c t i o n s  were pooled   and   the   pur i ty  was confirmed by t h i n  
layer   chromatography  us ing  p y r i d ~ n e / e t h y l a c e t a t e / a c e L i c  acid/water   (5:3:3:1) .  

E a u i i i b z i u m   d i a l v s l ~ :   B i n d i n g   o f   r a d i o a c t i v e   t r i - N - a c e t y l   c h i t o t r i o a e  

measured by e q u i l i b r i u m   d i a l y s i s .  A sample of 203 111 o f   t h e   l e c t i n  (13.12pM) 
(0 .7   mCi /mol )   ob ta ined   f rom  the   p rev ious   s t ep   t o   L . acu tanuu la   l ec t in  was 

i n  PBS-pME was i n t r o d u c e d   i n t o  one compartment and a s o l u t i o n  of 200 ) ~ 1  of 

t h e   o t h e r  colnpartment Of t h e   d i a l y s i s   c e l i .  The cells were shaken   fo r   60   h  
var ious  amounts  Of  adl lo active l i g a n d  (0.012 t; 1.2 mM) was i n t roduced  Into 

a t  5OC and  samples were removed  and counted on a s c i n t i l l a t i o n   c o u n t e r  and 
t h e   b i n d i n g   d a t a   a n a l y s e d  aCcOPding t o   S c a t c h a r d  (66).  

Fluorescence  EDeCtra:  The intrinsic f l u o r e s c e n c e   o f   t h e   D r o t e i n  was r eco rded  
wi th  a Perkin-Elmer WF-44A s p e c t r o f l u o r i m e t e r  using a 6 1 i t  width of 5 m on 
both  monochromators.   The  lectin  in PBSPMT Waa e x c i t e d   a t   2 9 5  NO. The 

sugar s o l u t i o n .  When the   f luoreSCenCe  of   the   l ec t in  was measured   in   the  
f l u o r i m e t r i c   t i t r a t i o n s  were perfarmed by add i t ion   o f   a i i uuo t s   f rom a s t o c k  

P resence  Of a s a c c h a r i d e   t w o   c o n t r o l   S d U t l o n s   w i t h   b u f f e r  alone and s a e c h b  
r i d e  alone were also meaiured. The f luorescence  measurements  were p e r f o m e d  
a t  20%. 

~ ~ ~ ~ ~~- 

i n  a 1.0 m c e l l   f o r   t h e   r e g i o n  200-250 nm and a 5.0 m c e l l   f o r   t h e   r e g i o n  
CD SDeCtra: The r p e c t r e  were r eco rded   w i th  a Jasco 5-20 s p e c t r o p o l a r i m e t e r  

25-300 m. The d a t a  are expres sed  as mean r e s i d u e   e l l i p t i c l t i e s  (a) i n  
deg cm2/dmol. t h e  mean r e s i d u e   w e i g h t   b e i n g   t a k e n  as 110. The pe rcen tage  of 
s e c o n d a r y   s t r u c t u r e  of L . a c u t a n w l a   a g g l u t i n i n  was de te rmined   acco rd ing   t o  
the  method  of  Provencher  and  Glockner  (67)  using a program  wri t ten by 
PrOvencher  (68). Titrations were  performed by add i t ion   o f   a l i uuo t s   f rom 
s t o c k  sugar s o l u t i o n  and the  enhancement   in   the mean r e s i d u e   e l l i p t i c i t y   i n  
t h e   a r o m a t i c   r e g i o n  was monitored.   The  cuvet tes  were f i l l e d   w i t h  1.0 m l  of 
p r o t e i n   s o l u t i o n  (35 phi) i n  PRS-@ME and  mounted i n  a t h e m o s t a t i c   ( t  0.5OC) 
copper   ho lder .  The t i t r a t i o n s  were performed a t  15'. Zoo, 25' and 36%. 

Resu_lrg 

P u r i f i c a t i o n  of h . a c u t a n w l a   a g g l u t i n i n :  Most o f   t h e   a g g l u t i n a t i n g   a c t i v i t y  

p r e s e n t  i n  t h e   p h l o e m   e x u d a t e   o f   L . a c u t a n e u l a   f r u i t s  was r ecove red   i n   t he  6% 
ammonium s u l f a t e   f r a c t i o n .   S u b s e q u e n t   C u r i f l c a t i o n  was accomplished w i n g  

g l y c o p e p t i d e  was a very good inh ib i to r   o f   hemagg lu t lna t ion   caused  by t h e  
soybean agglutinin glycopeptid~-Sepharoae-68 so lmn? as the   cor responding  

peak  with  0.1 M  a c e t i c   a c i d  and d i a l y s e d   a g a i n s t  PES-@ME t o  remove a c e t i c  
l e c t i n .  The l e c t i n  bound t o   t h e   a f f i n i t y   a d s o r b a n t  was e l u t e d  (111 a s i n g l e  

e x t r a c t e d   f r m  5 kg f r u i t s .   T h i s  amounts t o  an overall recovery of 70-7VA 
ac id .  Usually 2-22 mgs Of ' l ec t in  was obtained  from  4.5 ml Of exudate 

f r o m   t h e   c r u d e   e x t r a c t   w i t h  a s p e c i f i c   h e m a g g l u t i n a t i o n   a c t i v i t y  Of IC00 

t h e   t o t a l   P r o t e i n   i n   e x u d a t e   C o n s t i t u t e s   t h e   l e c t i n .  
(Tab le  I). An e s t i m a t e  of t h e   a c t i v e   p r o t e i n   y i e l d   i n d i c a t e s   t h a t  8-1w of 
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14626 A Tetra-N-acetylchitotetraose-specific Exudate Lectin 
Tab le  I :  P u r i f i c a t i o n   o f   i . e c u t a n w l a   a g g l u t i n i n .  

9 0 0 0 x  g 
s u p e r n a t a n t  t4e5 2'0.0 118 25.0 103.0 

65' (NH4)2SD4 38.0 125.4 154 19.0 76.0 
f r a c t i o n  
P u r i f i e d  
l e c t i n  

a One Uni t  Of a c t i v i t y  is  de f ined  as t h a t  amount O f  l e c t i n  which  gives  d 

25.0 18.0 lox, 18.0 72.0 

X% a g g l u t i n a t i o n   o f   e r y t h r o c y t e s  i n  t h e   h e m a g g l u t i n a t i o n  aaray. 

P u r i t v  and nacrmolecular D r o p e r t i e s :   P u r i f i e d   L . s c u t a n a u l a   a g g l u t i n i n  was 
found  hmoganeous by po lyac ry lamide  gel  e l e c t r o p h o r e s i s  i n  SDS. ac id   and  
a l k a l i n e  pH and a l s o  by gel f i l t r a t i o n  (Fig.2A).  The  homogeneity  of t h e  

e l p e r i m n t s .   P o l y ~ c r y l . m i d e  gel e l e c t r o p h o r e s i s  i n  t h e   p r e s e n c e  of SDS 
l e c t i n  was fu r the r   con f i rmed  by sed imen ta t ion   ve loc i ty   and   Bqu i l ib r ium 

y i e l d e d  an M, Of 24ccO 2 lo60 (F ig .28 ) .   Ge l - f i l t r a t ion   o f   t he   l ec t in  On 

Sephadex Glm. gave a single  a m e t r i c a l  peak  with a moIecuIar  weight  of 
47000 + loo0 In Dresence  and  absence  of BME (Fiq.28) a n d   t h e   e l u t i o n  prc- - 
f i l e   m o n i t o r e d  by absorbance a t  280 MI was co inc iden t   w i th   t he   hemagg lu t i -  
n a t i n g   a c t i v i t y  of t h e   l e c t i n .   T h e s e  values remain u n a l t e r e d   w i t h  W E .  The 

gel  chromatography  experiments.  I n  aed lmen ta t ion   ve loc i ty   expe r imen t s .   t he  
S tokes '  radius Of t h e   n a t i v e   p r o t e i n  was de te l rn ined   t o   be  2.9 m from t h e  

i e c t l n   g a v e  a s lnq le   s ed imen t ing   boundary   w i th  a &,, valve of 4.06 S. She 
value of 49500 2 1000 was Obtained using a p a r t i a l   s p e c i f i c  volume ( e )  of 
0.71 ml/g, a S t o k e s '   r a d i u s   o f  2.9 m and a s e d i m e n t a t i o n   c o e f f i c i e n t   o f  
4.06 5 .  For a molecular mass  of 4 8 m .  a ~ 8 , ~  of 4.06 S and e of 0.71 d g ,  
t h e   e s t i m a t e d  f/fmin of l.M imply t h a t   & . a c u t a n a u l a   l e c t i n   i s  a g l o b u l a r  
p r o t e i n  The s i z e  homogeneity was fur ther   conf i rmed by sed imen ta t ion  equi- 
i ib r ium'exper fmants   where  a MI of  48003 was obtained  (Fig.2C).  On d i s s a -  
C i a t l o n  w i t n  6 M GWCl in t he  presence and aDsence Of B E .  an S R  .., Of 2.155 

was o b t a i n e d   i n d i c a t i n g   t h a t   t h e   l e c t i n   d i s s o c i a t e d   i n t o  a 5peCleS which IS 

terminal end f u r t h e r   s u b s t a n t i a t i n g   t h e   h o m o q e n e i t y  Of the   p ro te in .   The  
h a l f  i t s  n a t i v e  s i r s .  A s ingle  amino  ac id  glycine was found a t   t h a  m i n o  

macromolecular p r o p e r t i e s   o f   t h e   l e c t i n  are l i r i t ed  I n  Table 11. 

ZY." 

h i n o  a c i d  and ca rbohydra t e  analyses: NO n e u t r a l  sugar ( <  0.1s) could  be 

during  amino a c i d  analysis. The p u r i f i e d  l e c t i n  d i d  n o t   b i n d   t o  Con *- 
detected by pheno l - ru lphur i e  ac id  method and no amino sugar was d e t e c t e d  

Sephamsc or t o  ffiA-SephazOse. T h e s e   d a t a   t a k e n   t o g e t h e r   i n d i c a t e   t h a t   t h i s  
l e c t i n   i s   n o t  a g l y c o p r o t e i n .  The amino ac id   composi t ion   o f   the   agglu t in in  
i s   g i v e n  in Tabla 111. T h i s   p r o t e i n  contains high  amounts of a s p a r t i c   a c i d  
and   g lu tamic   ac id   reh idues   and/or   the i r   amides  in a d d i t i o n   t o   l e u c i n e ,   V a l i n e  
serine and  glycine.   Hydroxyprol ine i s  absen t .  I t  Contains two f r e e   h a l f  
cys te ines   which  a m  n o t   C r i t i c a l   f o r   i t s   a c t i v i t y .  hl s t o r a g e   t h e   p r o t e i n  
t ends  t o  p r e c l p i t a t e  in the   absence  of  pME and.   therefore .  i t  i s  COnVenlent 
t o  use b u f f e r   c o n t a i n i n g  @ M E  d u r i n g   s t o r a g e .  

Hemagq lu t ina t ion   ac t iv i ty :  All t he   monosaccha r ide l   t e s t ed   f a i l  t0 i n h i b i t  
t h e   a c t i v i t y   o f   L . a C u t a n Q u i a   a g g l u t i n i n  even a t  very h igh   concen t r a t ions  
(Table N). The d i s a c c h a r i d e s   C e l l o b i o 6 e   m a l t o s e . a e l i b i o s e  and l a c t o s e  were 

oligomers  of GlCNAc and t h e i r   i n h i b i t o r y   p o t e n c y   i n c r e a s e d   d r a m a t i c a l l y   w i t h  
a l s o  i n e f f e c t i v e .  The l e c t i n   a c t i v i t y  wa; i n h i b i t e d  by @(I-M) l i n k e d  

increase i n  chain  length.   N-l inked  glycopept ides  of soybean   agg lu t in in ,  

4 
D 
9 

a b  Log Mr r'(cm') 

Pro te in   l oaded  on t h e  gels was 40 pgs. ( a )  a t  pH 8.3 i n  7.5% acrylamide 
Fig.Z(A). Polyacrylamide gel e l e c t r o p h o r e s i s  Of &.acu tangu la   l ec t in .  

gels. (b )  SDS gel eIeCtrophOreS16  in 10, gels. 2(8) .  Molecular  Weight 
d e t e r m i n a t i o n   o f  L.acutanwla l e c t i n  by  Sephadex GlOO chromatography 
( 0  - - 0 )  and SDS gel e l e c t r o p h o r e s i s  (-) The r e f e r e n c e   p r o t e i n s   a r e  A 
r i b o n u c l e a s e  (Mr 13mO),  8, chymotrVpsinogen'(23,000); C. ovalbumin (45.0001; 

E: bovine s e r m  s l b u n d  (6+,ooO?; F .  human I G heavy  chain ( 5 0 . d ) .  The 
p o s i t i o n s  o f  t h e   l e c t i n  are i n d i c a t e d  by ope: C i r c l e s .  2 ( C ) .  Sed imen ta t ion  
e q u i l i b r i m  analysis of L . a c u t a n w l r   l e c t i n .  A l inear p l o t   o f   t h e   l o g a r i t h  
sf t h e   e q u i l i b r i m   p r o t e i n   a b s o r b a n c e  versus t h e  Square o f   t h e   r a d i a l  
d i s t a n c e   t o   t h e   c e n t r e   o f   t h e   r o t o r  is i n d i c a t i v e   o f   t h e   s i r e   h o m o g e n e i t y  Of 
the   & .acu tanQula   l ec t in .  

D 8- l ac tog lobu l in  (18 403 i n  el f i l t r a t i o n  it moves as a d h r  35,000): 

SE s e d i m e n t a t i o n   e q u i l i b r i m .  s& s e d i n e n t a t i o n   c o e f f i c i e n t .  
a Values unaf fec t ed  by t h e   p r e s e n c e  or abSence of p-mercaptoethano1. 

R S t o k e s -   r a d i u s .  Dens i ty  of 1.005 g m1-l and 1.15 u s e d   f a t   C a l c u l a t i o n s  
were f o r   p h o s p h a t e   b u f f e r   a n d   b u f f e r   c o n t a i n i n g  6 M GWCl   r e spec t ive ly .  

Table 111: Amino ac id   composi t ion   o f   &.acutanoula   l ec t ina .  

him acid   Content  h i n o  ac id  
( m o l h o l )  
Content 

Ala 30 Le" 44 
8 
18 
22 
32 

52 
18 

14 
6 

T 

COnCentIation 

i n h i b i t i o n  (mM) 
S u g a r   g i v i n g  1- 

~ e l a t i ~ e ~  
i n h i b i t o r y  
power 

SBA-GP 
Fet-GP 
ASF-CS 
K F - 3  

SBA-a5 
ob" 

LacNAc 
MannobioscC 
Manno t r io re  

MeelrGlcNAc 
GIcNAc 

MeeGleNAc 

6.0 

0.M7C 
0.3 

0.02 
0.m 
0.01 
0.008 
0.W 
0.037 
>0.06' 
160 
>75 

1 
20 
218 
300 

lox, 
6CQ 
750 

857 
750 

0.038 

a ( G I C N A C ) ~ , ~  are @(!->4) l i n k e d   d l .  tri, t e t r a  and  penta- 
r a c c h a r i d e s ' o i  GlcNAC r e s p e s t i v e l y .   R e l a t i v e   i n h i b i t o r y   P m e r  is wl th  

C e l l o b i o s e  (200 dl) Mel ib iose  (400 &) Maltase (400 DIM), Mannose (200 mM) 
r e s p e c t   t o   ( G I C N A C ) ~ .  GalNAc (5CU mM), ManNAC (500 mM). Lac tose  (400 mM). 

and ~ - ~ G ~ ~ N A E - ( I - ~ N ) ~ N ( ~ ~ W I )  Were "0: i n h i b i t o r y   a t   c o n c e n t r a t i o n s  
i n d i c a t e d  i n  paren theses .  *Higher concentrat ions  Could  not   be   used as 
t h i s   s a c c h a r i d e  was l h i t i n g .  
Mannobiose  and  mannctriose are a ( l - > 2 )  l inked  di-  and t r i s a c c h a r i d e s   o f  
mannose. r e s p e c t i v e l y .  

ment are expres sed  In Fig.3. The r e s u l t s   p l o t t e d   a c c o r d i n g   t o   S c a t c h a r d  
E q u i l i b r i u m   d i a l y s i s :  The r e s u l t s   o f  a t y p i c a l   e q u i l i b r i u m   d i a l y o i s   e x p e r i -  

b i n d i n g   s i t e s   f o r   t r i - N - a c e t y l c h i t O t 2 1 0 6 e   p e r  molecule Of L.aCutanqula   lect in .  
(66). on e x t r a p o l a t i o n   a t   o r d i n a t e   y i e l d e ;  a value of 2.06, i nd ica t ing   two  

The   b ind ing   cons t an t  was c a l c u l a t e d   t a   b e  2.75 x IO4 M-'. 

1 for t he   b ind ing   o f   r ad io l abe l l ed  
F i g . 3 .   E q u i l i b r i u m   d i a l y s i s   d a t a  

t r i - N - a c e t v l c h i t o t r i o s e   t o  

*u 1.0 2.0 
r 

I n t r i n s i c   f l u o r e s c e n c e   s t u d i e s :  The f l u o r e s c e n c e  emission spectrum  of 
L .acutanOula   l ec t in  given In Fig.4(A)  shows an emisrlon maximum a t  336 nm. 
On a d d i t i o n   t o   t h e   C h i t c - ~ l i g 0 l a c c h a ~ i d e s ,   t h e   f l u o r e s c e n c e  is enhanced 
wi th  a b l u e   s h i f t   i n   t h e   e m i s s i o n  maximum towards 332 NO. Fig.4(8) shows 

t r i o s e   c o n c e n t r a t i o n   t o g e t h e r   w i t h  (I re r e r e n t a t i v c   g l d p h l c a l   d e t e r m i n a t i o n  
the  change in f l u o r e s c e n c e   i n t e n s i t y  as a func t ion   o f   t r i -N-ace ty l ch i to -  

( i n s e t )  of t h e   a s s o c i a t i o n   c o n s t a n t  (Kay, a c c o r d i n f   t z i t h e  method Of 

Chlpman e t  a l .  (69). y i e l d i n g  a va lue  of 1.26 X 10 M . The s t O i c h i m e t r y  
Of l e c t i n - s u o a r   b i n d i n q   f o r   t h e   p r o t e i n   w i t h  an equiva len t   weight   o f  M, 
24000 cor re sponds   t o  1. The thermodynamic  parameters   for   binding  of  various 
saccha r ides   de t e rmined  by t h i s  method  a long   wi th   the   f luorescence   emiss ion  
c h a r a c t e r i s t i c s  of t h e   l e c t i n   s a t u r a t e d   w i t h  them are l i s t e d  i n  Table V. 
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T a b l e  V: Fluorescence emiss ion   Charac t e r i s t i c s .   aSSoc ia t ion   cons t an t s   and  
f r e e  energy of a s s o c i a t i o n  of s a c c h a r i d e s   w i t h   r . a o u t a n o u l a   l e c t i n  
a t  20%. 

2 
4 

4 

a K, and t h e  % enhancemen t   i n   f l uo rescence   fo r   t he   b ind ing   o f  various 
s a c c h a r i d e s  *em C a l c u l a t e d   a t   t h e   r e s p e c t i v e   s h i f t e d   f l u o r e s c e n c e  

s t a n d a r d   d e v i a t i o n .  
emission maxima f o r  t h e s e   l i g a n d s .  Value6 i n   p a r e n t h e s e s   i n d i c a t e  

Far W-CD rvect-:   Analysis of t h e  CD spec t rum  o f   r . acu tanqu la   l ec t in  
gave 31% hel ix   Content   (F ig .%A(a)) .  

Near W-CG Spectrum:  Near W - 0  bands show an i n c r e a s e   i n   t h e  molar e l l i p t i -  
c i t i e s  on t i t r a t i o n   w i t h   c h i t D - 0 l i g ~ 9 a e c h a r i d e s   ( F i g . 5 A ( b ) ) .  The change i n  
t h e  m o l a r  e l l i p t i c i t y  as a f u n c t i o n  of t h e   l i g a n d   c o n c e n t r a t i o n   ( F i g . 5 8 )  

p l o t t i n g  log[ (ec - $ ) / ( e ,  - e=)]  versus log[s], where eo, ec and ea are 
a l lowed   t he   de t e rmina t ion  of Ka and  the   s to ich iometry  of t h e   r e a c t i o n   b y  

i n i t i a l   e l l i p t i c i t y .   e l l i p t i c i t y   a f t e r   a d d i t i o n   o f   t h e  sugar. m a  a l l i p t i -  

s u g a r . r e s p e c t i v e l y .   T h e  value of K, and t h e   s l o p e   o f   t h i s   r e p r e s e n t a t i v e  
C i ty  value where all t h e   b i n d i n g   S i t e s  of t h e   l e c t i n  are s a t u r a t e d   w i t h  

p l o t  Of t l t r a t i o n   a t   2 0 %  are 1.1 x lo4 M-' and 1.0 respec t ive ly   (F ig .5C) .  

t empera tu res  were u t i l i z e d  for e v a l u a t i n g  A H  by v a n ' t  Hoff p l o t s  (Fig.6) 
and the   resu l t ing   thermodynamic   parameter3  a m  g i v e n   i n   T a b l e  V I .  

Value. Of Ka for v a r i o u s   O l i g o s a c c h a r i d e s   t h u s   d e t e r m i n e d   a t  several 

Fig.5. (A). CD s p e c t r a  of . .asutanqula   lect in .  (a )  The concent ra t ion   o f  
t h e   l e c t i n   i n   t h e  far W r eg ion  (202-250 nm) was 0 02% in Pas c o n t a i n i n g  
2 nM d i t h i o t h r e i t o l  and t h e  near W r e g i o n  (250-3W IM) was 0 9z (b )  CD 

near W region. Lwer curve r ep resen t s   spec t -  of the p r o t e i n  alone and 
enhancemen t   Spec t r a   o f   L . acu tanau la   l ec t in   by   t= i -N-ace ty l ch i io t r io se   i n   t he  

the   uppe r  Curve r e p r e s e n t s   t h e   f i n a l   s p e c t r u m   a f t e r   a d d i t i o n  of S a t u r e t i n g  
c o n c e n t r a t i o n s   o f   t r i - N - a c e t y l c h i t o t r i o s e  ( 8 )  Curve of t h e  molar e l l i p t i -  
c i t y   enhancemen t   o f   & .acu tanau la   l ec t in  b; tli-ii-aCetylghitotriose+ IS1 

L O + -  * x / I Fi9.6: v a n ' t  Hoff p l o t   f o r   t h e  

1 t o  tri-N-stetylchitotriose. K. 
b ind ing  of L.aeutanqula l e c t i n  

values f o r   t h e   l e c t i n - s u g a r  
i n t e r a c t i o n  were determined by 

a AH was ob ta ined  frm v a n ' t  Hoff p l o t s .  A S  was c a l c u l a t e d  using t h e  
equa t ion   AG - AH-Tns. Values i n   o a r e n t h e s e s   i n d i c a t e   s t a n d a r d   d e -  
v i a t i o n .  
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