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The ef fect of in su lin, wheat germ ag glu ti nin (WGA), pea nut ag glu ti nin (PNA) and
concanavalin A (ConA) on [3H]glucosamine in cor po ra tion into pericellular glyco -
saminoglycans (GAGs) was in ves ti gated in two lines of cul tured hu man der mal
fibroblasts. In su lin and WGA stim u lated [3H]glucosamine in cor po ra tion into hyalu -
ronic acid (HA) and heparan sul phate (HS) with out any al ter ation of chondroitin sul -
phate (CS) and dermatan sul phate (DS) con tents. ConA in creased [ 3H]glucosamine in -
cor po ra tion into HS, CS and DS, but had no ef fect on [ 3H]glucosamine in cor po ra tion
into HA. PNA af fected nei ther the con tent, nor the com po si tion of GAGs. In con trast
to PNA, ConA and WGA stim u lated glycolysis and dem on strated an ev i dent anti -
proliferative ef fect on der mal fibroblasts. Thus, both the in su lin-like ac tion of WGA
and ConA on cul tured der mal fibroblasts and the dif fer ences be tween the ef fects of
lectins on mod u la tion of GAGs syn the sis ap pear to be de ter mined by their chem i cal
struc ture.

It is well known that some plant lectins are
able to dem on strate an ev i dent in su lin-mi -
metic ef fect on in su lin re cep tors, glu cose and

amino acid up take, as well as on lipid and car -
bo hy drate me tab o lism in var i ous cell types
[1], in clud ing con nec tive tis sue. Be sides, it
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has been shown that wheat germ ag glu ti nin
(WGA) and concanavalin A (ConA), like in su -
lin it self, in duce the syn the sis of spe cific mes -
sen ger RNA (p33-mRNA) in hepatoma cells
[2] and mimic the di rect ef fects of in su lin on
nu clear en ve lope phos pho rylation [3]. How -
ever, WGA and ConA in hibit cell growth of
trans formed and nor mal cell lines in the pres -
ence of se rum, sup press cell at tach ment, their 
spread ing and mi gra tion [4–6], i.e. dem on -
strate the ef fects which are not char ac ter is tic
for in su lin.
To ex tend in for ma tion on the in su lin-like ef -

fects of lectins we have com pared the ef fect of
in su lin and lectins on the con tent and com po -
si tion of glycosaminoglycans (GAGs) in two
lines of cul tured hu man der mal fibroblasts.
Al ter ations of cell be hav ior are al ways ac -

com pa nied by changes of the extracellular ma -
trix (ECM), and, in par tic u lar, of its glyco -
saminoglycan (GAG) com po nents: hyaluronic
acid and sulphated GAGs (heparan sul phate,
chondroitin sul phate, dermatan sul phate and
keratan sul phate). The num ber and type of
car bo hy drate side chains, their length and
pat tern of sulphation vary with cell state, dif -
fer en ti a tion, and in dis ease [7–9]. GAGs en -
sure a wa ter-salt bal ance of ECM, par tic i pate
in the or ga ni za tion of its struc ture and pro -
vide the res er voir of var i ous growth fac tors
and cytokines, fa cil i tat ing their in ter ac tion
with the cell sur face high af fin ity re cep tors.
It is known that a num ber of growth fac tors

and hor mones, in clud ing in su lin [10–12] are
able to mod u late GAGs syn the sis and me tab o -
lism. How ever, the in flu ence of insulino -mi -
metic plant lectins on GAGs syn the sis is un -
clear and the in ves ti ga tions avail able, did not
in clude the com par a tive as pects of WGA,
ConA and in su lin on GAGs [13–16].
In the pres ent pa per the ef fect of in su lin was

com pared with that of ConA (α-D -man,
α-D-glc), WGA (D-glcNAc)2,NeuNAc) and pea -
nut ag glu ti nin (PNA (β-D-gal(1-3)-D-galNAc)
on [3H]glucosamine in cor po ra tion into hyalu -
ronic acid (HA), heparan sul phate (HS),
chondroitin sul phate (CS) and dermatan sul -

phate (DS) of pericellular ma trix of con flu ent
der mal fibroblasts. Also we ex am ined the ef -
fect of lectins on cell growth and lac tate pro -
duc tion, which was as sessed as an in di ca tor of 
met a bolic re sponse.

MA TE RIALS AND METHODS

Ma te rials. Cell cul ture me dium (EMEM)
and nec es sary ad di tives were pur chased from
Sigma, with the ex cep tion of se rum (FCS,
mycoplasma-tested), which was ob tained from 
Diagnosticum (Ukraine). Trypsin, soy bean
trypsin in hib i tor, chondroitinase ABC and
AC, heparitinase I, orgelase, chondroitin sul -
phate A, heparan sul phate, cetylpyridinium
chlo ride, D(+)galactose and methyl-α-D-man -
no pyranoside were from Sigma. Lectins  were
pur chased from BioMakor (Is rael). Crys tal -
line por cine in su lin (Sigma) was pu ri fied by
gel fil tra tion on Sephadex G-50, fine. Pronase
E was from Merck, lac tate dehydrogenase and 
hyaluronic acid-K-salt was pur chased from
Fluka Chemie AG, and gel a tin and DEAE-cel -
lu lose (cap. 0.54) from Serva. D-[1-3H]Glu -
cosamine was from Amersham Int. (sp. act.
3.10 Ci/mmole). All other chem i cals used
were of the high est qual ity avail able.
Cell cul ture. Pri mary cul tures ob tained

from 2 healthy male vol un teers (23 and 39
years old) by skin-explant method were grown
in the EMEM me dium con tain ing 20% FCS, 4
mM glutamine, 50 µg/ml strep to my cin, 50
U/ml pen i cil lin and 1 µg/ml Amphotericin B.
Sec ond ary cul tures were grown in EMEM
with 10% FCS (with out an ti bi ot ics) and with
gel a tin as a growth sub strate. Cells were rou -
tinely subcultured (1 :4) in 90 mm dishes ev -
ery 10 days.
Ex per i men tal pro ce dure. Both cell lines

were ex am ined twice, i.e. at the 5th and 10th
pas sage; each ex per i ment was car ried out
with sin gle sub cul tures (cell count co ef fi cient
of vari a tion 6–7%). For the ex per i ments,
fibroblasts (5 × 104) were plated in 40 mm
dishes, and were grown to con flu ence (6–7

564 N.Yu. Yevdokimova and A.S. Yefimov 2001



days). Monolayers were washed, and 1.5 ml
por tions of the fol low ing in cu ba tion me dium
were added: 4 mM glutamine, 500 ng/ml bo -
vine se rum al bu min, 1% FCS, and [3H]gluco -
samine (3 µCi) in EMEM, with or with out al -
ter na tively: 0.5 µg in su lin, 3 µg/ml ConA, 3
µg/ml WGA, and 5 µg/ml PNA. The cells
were in cu bated in 5% CO2 in air for 48 h at
37oC. The in cu ba tion me dium was as pi rated
and used for en zy matic de ter mi na tion of lac -
tate [17].
To pre pare the cell-associated (pericellular)

GAGs [12], 1 ml of 0.05% trypsin and 0.45%
NaCl was added to the washed cell layer and
in cu bated for 15 min. The cells were re sus -
pend ed and as pi rated, then the dish was
washed with 1 ml of 0.05% soy bean trypsin in -
hib i tor, 0.1 M Tris/HCl, pH 7.9, the cell sus -
pen sion was com bined with wash liq uid and
cen tri fuged (500 g, 2–3 min). Then 1 ml of 0.1
M Tris/HCl, pH 7.9, with 1.5 mg/ml of
pronase E, 0.6 mg/ml of hyaluronic acid-K-
salt and 0.6 mg/ml of chondroitin sul phate A
was added to the supernatant and in cu bated
for 18 h at 55°C. The re ac tion was stopped by
plac ing the tubes in a boil ing wa ter bath for
2–3 min, and the so lu tion was kept frozen at
–20°C un til re quired. Af ter de frost ing and in -
ten sive di al y sis against wa ter for 24 h and
against 0.01 M Tris/HCl, pH 8.4, for 24 h the
so lu tion was ap plied onto DEAE-cellulose col -
umns (2 ml). Elu tion was car ried out with
NaCl gra di ent (0.10 M, 0.28 M, 0.4 M and 0.7
M) in 0.01 M Tris/HCl, pH 8.4, as de scribed
pre vi ously [18]. The ma te rial which was
eluted with 0.10 M NaCl is the re sid ual
glycoproteins, it was not shown and was not
con sid ered in the work. GAGs were eluted
with 0.28 M, 0.4 M and 0.7 M NaCl. Frac tions
of 3 ml were treated with cetylpyridinium
chlo ride and al co hol. 3H-Radio activity was de -
ter mined by liq uid scin til la tion count ing.
[3H]GAGs were de salted and con cen trated on
Centriprep-3 (Whatman), sub jected to gel fil -
tra tion on Sephadex G-50 and iden ti fied by
means of spe cific en zymes and ni trous acid
deg ra da tion [19]. The fol low ing iden ti fi ca tion

cri te ria were used: (a) GAG sen si tive to
chondro itinase ABC (EC 4.2.2.4), orgelase
(EC 3.2.1.36) and re sis tant to ni trous acid and 
heparitinase I (EC 4.2.2.8) was des ig nated
HA; (b) GAG sen si tive to heparitinase I and
ni trous acid, re sis tant to chondroitinase ABC, 
chondroitinase AC (EC 4.2.2.5) and orgelase
was des ig nated HS; (c) GAG equally sen si tive
to both chondroitinase ABC and AC, re sis tant
to heparitinase I and ni trous acid, was re -
ferred to as CS; (d) ma te rial sen si tive to
chondroitinase ABC, re sis tant to chondro -
itinase AC was des ig nated DS. HA ap peared
in frac tions No. 3–6, HS in No. 13–15 and
CS/DS in No. 19–20 (Fig. 4). In or der to de ter -
mine [3H]glucosamine in cor po ra tion sep a -
rately into DS and CS, frac tions No. 19–20
were pooled and di gested by chondroitinase
AC. The re main ing ra dio ac tiv ity rep re sented
3H-DS, and the dif fer ence be tween to tal ra dio -
ac tiv ity of frac tions No. 19–20 and that in
3H-DS was as cribed to 3H-CS.
Con struc tion of the dose-dependent curves

for in su lin and lectins (0.01–30.0 µg/ml) was
based on es ti ma tion of [3H]glucosamine in -
cor po ra tion into to tal pericellular GAGs
eluted with 0.7 M NaCl di rectly af ter 0.1 M
NaCl. The ef fect of methyl-α-D-manno pyra -
noside (MeMan) and D(+)galactose (Gal) on
ConA ef fect was es ti mated by mea sur ing of
[3H]glucosamine in cor po ra tion into to tal
pericellular GAGs.
For the de ter mi na tion of antiproliferative ef -

fects of ConA, WGA and PNA the fibroblasts
were seeded (5 × 103 cells/cm2) in EMEM
with 10% FCS, 4 mM glutamine and an ti bi ot -
ics. Af ter 24 h the cells were washed and
trans ferred to EMEM with 5% FCS with or
with out, al ter na tively, 3 µg/ml ConA, 3 µg/ml 
WGA or 5 µg/ml PNA. The fi nal sat u ra tion
con flu ent den sity was de ter mined at that cell
con cen tra tion at which no fur ther in crease in
cell num ber un der non-limiting growth con di -
tions was noted in three sep a rate cell counts.
Time dou bling was de ter mined as T × lg2/lg
(N/No), where T is time growth, No is cell
count per cm2 at the be gin ning of log a rith mic
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phase, N is the same in dex at the end of log a -
rith mic phase.
Since the dif fer ences be tween the pas sages

and be tween both cell lines in the in cor po ra -
tion of [3H]glucosamine into HA and sul -
phated GAGs un der all used treat ments of
cells were in sig nif i cant: (P was equal to 0.51
and 0.49, 0.38 and 0.34, 0.38 and 0.42, 0.44
and 0.46, 0.32 and 0.39 for basal con di tions
and un der in su lin, WGA, ConA and PNA
treat ment, re spec tively), the data were pre -
sented as the means of the re sults of two in de -
pend ent ex per i ments in trip li cate for both cell 
lines to gether. Sta tis ti cal anal y sis was per -
formed us ing Stu dent’s t-test.

RE SULTS

As can be seen (Fig. 1) in su lin, ConA and
WGA in creased [3H]glucosamine in cor po ra -
tion into to tal pericellular GAGs of cul tured
fibroblasts in a dose-dependent man ner.

Basing on these re sults we used 0.5 µg/ml in -
su lin and 3.0 µg/ml ConA or WGA for fur ther
ex per i ments. PNA did not al ter [3H]gluco -
samine in cor po ra tion into to tal GAGs, and for 

fur ther com par a tive stud ies we used PNA at a
con cen tra tion of 5.0 µg/ml, be cause at higher
lev els of PNA GAGs syn the sis was even
slightly de creased. The ConA stim u la tion of
[3H]glucosamine in cor po ra tion into to tal
GAGs was abol ished by 10 mM MeMan (pos i -
tive con trol), but not by 20 mM Gal (neg a tive
con trol). MeMan or Gal alone were with out
any ef fect on [3H]glucosamine in cor po ra tion
into GAGs (Fig. 2). MeMan supressed also the
ConA-induced stim u la tion of lac tate pro duc -
tion (not shown). 
Fig ure 3 il lus trates the ef fect of lectins and

in su lin on lac tate pro duc tion by cul tured
fibroblasts. In su lin and WGA in creased lac -
tate pro duc tion ap prox i mately to the same ex -
tent (49.5% and 40.0%, re spec tively), whereas
stim u la tion by ConA amounted only to 20%,
and PNA did not in flu ence lac tate pro duc tion
at all.
 Typ i cal ex am ples of the ion-exchange chro -

ma tog ra phy pro files of pericellular [3H]GAGs
of der mal fibroblasts fol low ing in su lin or

ConA treat ment are pre sented in Fig. 4. The
com par i son of [3H]GAGs elu tion pro files of
the cells treated with lectins (data for PNA
and WGA are not shown) or in su lin and the
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Fig ure 1. Ef fect of in su lin, ConA, WGA and PNA on [3H]glucosamine in cor po ra tion into to tal pericellular
GAGs of der mal fibroblasts.

Con flu ent monolayers were ex posed to in creas ing con cen tra tions (0.01–30.0 µg/ml) of in su lin and lectins in EMEM 
sup ple mented with 1% FCS for 48 h. For de tails see “Ma te rials and Methods”. Data are ex pressed as means of 2 in de -
pend ent ex per i ments (5th and 10th pas sage) in trip li cate for both cell lines. S.E. did not e x ceed 10% of the mean.



un treated cells shows no es sen tial qual i ta tive
al ter ations in GAG com po nents. How ever,
quan ti ta tive dif fer ences are ev i dent (Fig. 5).
[3H]Glucosamine in cor po ra tion into HA was
in creased about two-fold un der the in flu ence
of in su lin and WGA. The in crease in [3H]glu -
cosamine in cor po ra tion into HS upon in su lin, 
ConA or WGA treat ment was by 1.7, 2.8 and
1.8, re spec tively, but only ConA stim u lated
[3H]glucosamine in cor po ra tion into CS (1.5

fold) and DS (1.6 fold). PNA did not af fect in -
cor po ra tion of  [3H]glucosamine into any
pericellular GAG con sis tently with the data
pre sented in Fig. 1.
The ef fect of ConA, WGA and PNA on

fibroblast pro lif er a tion is dem on strated in
Fig. 6. WGA and ConA in hib ited the growth of 
fibroblasts, mainly at the lag-phase of cell
growth, and, con sis tently, the pop u la tion dou -
bling times were in creased. The con flu ent
den sity mea sured af ter 15 days was sig nif i -
cantly de creased (P < 0.02) un der the in flu -
ence of ConA (23007 ± 1449 cells/cm2, n =
12) as com pared to con trol (31200 ± 2496
cells/ cm2, n = 12), while WGA ad min is tra tion 

did not re duce fi nal cell den sity (28211 ±
2229 cells/cm2, n = 12). PNA did not af fect
pro lif er a tion of fibroblasts, and all in di ces
stud ied were the same as un der con trol con di -
tions.

DIS CUS SION

Ac cord ing to our data, ConA and WGA stim -
u late lac tate pro duc tion by con flu ent fibro -
blast cul tures, and the level of stim u la tion is
com pa ra ble to that with in su lin, i.e. it is con -
sis tent with the opin ion on the in su lin-like ef -
fects of these lectins, for mu lated ear lier [1],
and de vel oped by more re cent in ves ti ga tions
[2, 3, 20].
In su lin, WGA and ConA stim u late peri -

cellular GAGs syn the sis, how ever WGA, like
in su lin, does not af fect [3H]glucosamine in -
cor po ra tion into CS and DS, as shown for
chick em bry onic fibroblasts [15, 16]. ConA,
un like in su lin and WGA, stim u lates [3H]glu -
cosamine in cor po ra tion only into sulphated
GAGs, which is in line with the ef fect of ConA
on chondrocyte cul tures [14]. A great (approx. 
3 fold) in crease of HS syn the sis on ConA
treat ment is con sis tent with the ev i dent pro -
lon ga tion of pop u la tion dou bling time
(approx. 1.7 fold) and re duced con flu ent den -
sity (approx. 1.3 fold) of fibroblasts by ConA.
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Fig ure 2. Ef fect of methyl-α-D-mannopyranoside
(MeMan) and D(+)galactose (Gal) on stim u la tion
by ConA of [3H]glucosamine in cor po ra tion into
to tal pericellular GAGs.

Con flu ent fibroblasts were ex posed to 3 µg/ml of ConA
in EMEM sup ple mented with 1% FCS for 48 h in the
pres ence or ab sence of 10 mM MeMan or 20 mM of Gal. 
Sam ples were pro cessed as de scribed in “Ma te rials and 
Methods”. Data are ex pressed as means ± S.E. of 2 in -
de pend ent ex per i ments (5th and 10th pas sage) in trip li -
cate. ***sig nif i cant at P < 0.01, as com pared to con trol 

Fig ure 3. Ef fect of in su lin, ConA, WGA and PNA
on lac tate pro duc tion by der mal fibroblasts.

Con flu ent monolayers were ex posed to 0.5 µg/ml of in -
su lin, 3 µg/ml of ConA, 3 µg/ml of WGA or 5 µg/ml of
PNA in EMEM sup ple mented with 1% FCS for 48 h.
Data pre sen ta tion as in Fig. 2. ***Sig nif i cant at P <
0.01, **sig nif i cant at P < 0.02, *sig nif i cant at P < 0.05,
as com pared to con trol.



The link be tween in creased HS-proteoglycans
ex pres sion and the re duc tion of proliferative
ac tiv ity in var i ous cell types has been dem on -
strated in a num ber of in ves ti ga tions [7–9].

De spite the known di rect ac tion of insulino -
mimetic ConA and WGA on in su lin re cep tors
[21, 22], the avail able ev i dence dem on strates
a dif fer ence be tween WGA, ConA and in su lin
not only on GAGs syn the sis, but on gen eral
cell be hav ior, ac tiv ity of pro tein ases, en ergy
me tab o lism and other pro cesses [2–6, 10–16]. 
More over, it was shown that the in su lin-like
ac tiv ity of ConA and WGA (stim u la tion of
[3H]aminoisobutyrate up take) could be elic -
ited in the Madin-Darby ca nine kid ney cells
even in the ab sence of spe cific in su lin-binding
sites [20]. On the other hand, the dif fer ences
in the ef fects of the two lectins are re peat edly
noted. The ConA and WGA treat ment in some 
tis sues re sulted in op po site in flu ence on cell
growth, as it was shown for nerve fi bers [23],
in which ConA stim u lated and WGA in hib ited 
for ma tion of fi bers per neu ron. Al though high 
con cen tra tions of ei ther lectin in duce apo -
ptosis, the mech a nism of their ac tion is dif fer -
ent. ConA was shown to break the mi to chon -
drial mem brane po ten tial [24], while WGA
binds to the cell sur face sialic acid, which is

fol lowed by in ter nal iza tion and bind ing to
N-acetylglucosamine (GlcNAc) of cytosolic
and nu clear pro teins [25]. WGA bind ing to
the O-GlcNAc-modified pro teins is con sid ered

to be es sen tial for its ac tion on cell phys i ol ogy
and, in par tic u lar, on the reg u la tion of GAGs
syn the sis.
More over, WGA bind ing to O-GlcNAc-mo -

dified pro teins may ex plain the sim i lar ity in
ac tion of WGA and in su lin due to cross-talk
be tween glycosylation and in su lin-mediated
phosphorylation cas cade [26]. A pro posed im -
pli ca tion of O-GlcNAc transferase in the de vel -
op ment of glu cose (or glucosamine)-in duced
in su lin-resistance, in par tic u lar, in terms of
gly co gen syn the sis, is es pe cially in ter est ing
be cause UDP-glucosamine is a di rect pre cur -
sor for GAGs syn the sis.
It was shown that mod u la tion of GAGs syn -

the sis is me di ated via phosphatidylinositol
3-kinase [27], which is ac ti vated by ConA,
WGA and in su lin. How ever, also in this re -
spect, the mech a nism of their ac tion is dif fer -
ent. ConA acts through the G-protein-coupled
and phosphotyrosine-related sig nal ling path -
ways, and in su lin only via the phospho -
tyrosine way [28]. The extracellular re sponse
to WGA (in terms of the re lease of re ac tive ox -
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Fig ure 4. Typ i cal ex am ple of DEAE-cellulose chro ma tog ra phy pro files of pericellular [ 3H]GAGs of der -
mal fibroblasts treated with in su lin and ConA. 

Con flu ent monolayers were ex posed to 0.5 µg/ml in su lin or 3 µg/ml ConA in EMEM sup ple mented with 1% FCS for
48 h. GAGs were sep a rated as de scribed un der “Ma te rials and Methods”. Ar rows mark NaCl con c en tra tion.



y gen spe cies) oc curs also with out in volve ment 
of G-proteins in phosphatidylinositol 3-kinase
ac ti va tion [29].

The syn the sis of sulphated GAGs, un like
that of hyaluronic acid, takes place in the
Golgi, and then the ma ture proteoglycans are
trans ported to cell sur face. It has been re -
ported that some an i mal mannose lectins reg -
u late this pro cess [30]. There fore it seems
that ConA in flu ences ac cu mu la tion of
sulphated GAGs by af fect ing their traf fic to
pericellular ma trix.
Be sides, ConA down-regulates the ex pres -

sion of the gene en cod ing the mem brane
type-1 ma trix metalloproteinase and thereby
in hib its the ac ti va tion of pro-matrix metallo -
proteinase type 2 [31], which is known to de -
grade var i ous extracellular ma trix pro teins,
in clud ing CS/DS-proteoglycans.

Thus, it is pos si ble that ConA af fects GAGs
syn the sis and their ac cu mu la tion in dif fer ent
ways, i.e. via the ac ti va tion of phospha -

tidylinositol 3-kinase through both G-pro -
tein-coupled and phosphotyro sine-re lated sig -
nal ling path ways, via mod u la tion of proteo -
glycan trans port to the cell mem brane and via
reg u la tion of ma trix deg ra da tion. WGA, in
con trast, mod u lates GAGs syn the sis by ac ti -
va tion of phosphatidylinositol 3-kinase only
through the phosphotyrosine-related path -
way; more over it acts intracellularly due to its
bind ing to the cytosolic and nu clear O-Glc -
NAc-modified pro teins.
As to PNA, we did not ob serve any in su -

lin-mimetic stim u la tion of lac tate pro duc tion
and GAGs syn the sis. Al though PNA has been
re ported to stim u late pro lif er a tion of var i ous
cell types [32, 33], but in con trast to the ef fect
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Fig ure 5. Ef fect of in su lin (    ), ConA (    ), WGA (    ) and PNA (    ) on [ 3H]glucosamine in cor po ra tion into
pericellular HA, HS, CS and DS of con flu ent der mal fibroblasts.

Sep a ra tion of GAGs as de scribed un der “Ma te rials and Methods”. ***Sig nif i cant at P < 0.01, **sig nif i cant at P <
0.02, *sig nif i cant at P < 0.05, NS, nonsignificant, as com pared to con trol.



of ConA and WGA, in our ex per i ments we did
not ob serve any al ter ation of fibroblast
growth on PNA treat ment.

Un doubt edly, the ef fect of ConA and WGA
on pericellular GAGs and lack of any re sponse 
to PNA are de ter mined by dif fer ences in their
struc ture. Due to these dif fer ences lectins
bind to dif fer ent car bo hy drate de ter mi nants
of cell com part ments, which, in turn, leads to
var i ous ef fects, some of which mimic in su lin
stim u la tion of glycosaminoglycan syn the sis,
while oth ers may be in duced in de pend ently
from lectin ac tion on in su lin re cep tors.
As to the spec i fic ity of ConA, a func tional

mim icry be tween car bo hy drate and pep tide
lig ands of ConA has re cently been dem on -
strated [34]. The pep tide ligand re vealed in -
ter ac tion prop er ties and energetics equiv a lent 
to those of the car bo hy drate ligand, and it
may pro vide an ad di tional bind ing site for
ConA.

The re sults ob tained al low to in crease the
list of the in su lin-like ef fects of WGA and
ConA in the field of GAGs syn the sis in hu man

der mal fibroblasts and si mul ta neously point
to the spe cific ef fect of ConA.
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