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Serum lectins from the scorpion Vaejovis spinigerus Wood bind sialic acids'

G.R. Vasta®? and E. Cohen

Medical University of South Carolina, Department of Biochemistry, Charleston (South Carolina 29425, USA), and Roswell Park
Memorial Institute, Department of Laboratory Medicine, Buffalo (New York 14263, USA), 27 June 1983

Summary. We have partially characterized the specificity of serum lectins from the scorpion Vaejovis spinigerus Wood. Aggluti-
nation, crossed-absorption and hemagglutination-inhibition patterns were similar but not identical to serum lectins from other
members from the family Vagjovidae, and different from the Buthidae species studied so far. V. spinigerus serum lectins bind sialic
acids and sialoconjugates, but also bind 2-keto-3-deoxyoctonate, uronic acids and N-acylaminosugars, all substances present in
bacterial cell walls suggesting that they might be involved in defense functions.

Interest in the distribution and specificity ol humoral lectins in
the Subphylum Cheliccrata (which comprises the classes
Merostomata, Pycnogonida and Arachnida), a very conserva-
tive taxon in its evolutive aspects, motivated us to pursuc a
systematic study of the occurrence and serological properties
of serum lectins from North American scorpions, whip scor-
pions and spiders (Arachnida). At present all arachnid species
examined by us exhibited multiple scrum lecting some of which
are specific for sialic acids® 7. In this report we describe the
scrological characterization of serum lecting from the scorpion
Vaejovis spinigerus Wood.

Material and methods. Scorpion sera: scorpions Vacjovis spini-
gerus: (18 males and 22 females, V. confuscius: 3 males and 2
females) were collected ncar Mesa, Arizona, and bled from
pedipalps. Pooled scorpion hemolymph was allowed to clot at
room temperature (25 + 2°C), the serum was clearcd by cen-
trifugation at 5000 x g for 15 min and stored at —25°C.
Erythrocytes (RBC): Human blood samples were collected in
ACD (citrate-dextrose). All other blood samples from diverse
vertebrate species were obtained by venous or cardiac puncture
and collected in Alsevers. RBC were washed twice with saline
0.85% and twice with tris-buffered saline: 100 mM tris-HCI,
50 mM NaCl, 10 mM CaCl,, pH 7.6 (TBS), and suspended at
concentrations of 5 x 10°® RBC/ml in TBS.

Reagents: Neuraminidase [rom Vibrio cholerae (VCN) 500 U/
ml and fetuin were purchased from Gibeo, Grand Island, New
York. N-acetylneuraminic acid f-methyl glycoside (NANA £
MeGly) was kindly supplied by Dr W. Korytnyk, Roswell
Park Mcmorial Institute, Buffalo, New York. All other rea-
gents were purchased from Sigma Chemical Co., St.Louis,
Missouri, at the highest purity available.

Enzyme treatment of RBC: RBC were treated with pronase P
(P)(protease type VI from Streptomyces griseus, 34 units/mg)
and VCN by the procedure of Uhlenbruck et al.®. P-treated
RH (D) human RBC showed satisfactory agglutination titers
with an incomplete anti-D serum (Ortho, Raritan, New Jer-
sey). Human RBC were not agglutinated by Limulus poly-
phemus serum after VCN treatment.

Agglutination test: 5 ul of 2-fold serial dilutions of scorpion
serum in TBS were placed in Terasaki 96 well trays (Robbins
Scientific, Mountain View, California) and equal volumes of

RBC suspension were added. The trays were vortex-mixed for
10 sec at speed 1 and incubated at room temperature for 45
min. Agglutination was rcad under the microscope and graded
from 0 (negative) to 4+. Titers were recorded as the inverse
ratio of the highest dilution showing a 2+ degree of aggluti-
nation. Controls for all titrations were the substitution of sera
by TBS.

Desialylation of glycoproteins: glycoproteins were dissolved in
0.025 N H,S0,, 0.85% NaCl at 10 mg/ml. Hydrolysis was car-
ricd out for 1 h at 80°C. Released sugars were analyzed by
paper chromatography in ethyl acetate:pyridine:acetic acid:
H,0 (5:5:1:3) for neutral sugars’ using 1 pg of D-galactose,
D-glucose, D-mannose {(D-Man) and L-fucose (L-Fuc) as stan-
dards developing with the AgNO, and alcoholic KOH re-
agents'®, and in n-butanol:n-propanol: 0.1 N HCL (1:2:1) for
sialic acids'' using 1 pg of N-acetylneuraminic acid (NANA)
and N-glycolylneuraminic acid (NGNA) as standards, devel-
oping with the resorcinol reagent. Sialic acids were the only
sugars detected in the chromatograms. No neutral hexoses
were released as measured by the anthrone reagent'?. Released
and total sialic acids were determined by the thiobarbituric
acid" and resorcinol'® methods respectively.

Percentages of released sialic acids were as follows: bovine sub-
maxillary mucin (BSM): 72.1%; fetuin: 78.1%; PSM: 99.1%;
thyroglobulin: 83.3%; bovine orosomucoid: 96.1%, and hu-
man orosomucoid: 98.3%. Hydrolyzed glycoproteins were ex-
haustively dialyzed against 0.85% NaCl and TBS, aliquoted
and stored at —25°C.

Hemagglutination-inhibition tests: Scorpion serum was diluted
to 4-8 agglutination units/ml (1 agglutination unit is the
amount of lectin present in the highest serum dilution which
agglutinates with a degree of 2 in the scale from 0 to 4). All
substances to be tested were dissolved in TBS (at concentra-
tions up to 200 mM for mono- and oligosaccharides and %
(w/v) for polysaccharides and glycoproteins) and brought to
pH 7.6 with concentrated NaOH. Equal volumes of diluted
sera and inhibitor solution were mixed and incubated for 45
min at room temperature. The mixtures were titrated as de-
scribed before, with untreated or enzyme-treated RBC. Min-
imal concentrations required for the inhibition of two aggluti-
nation units were recorded. Controls were the substitution of
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Table 1. Hemagglutination profiles of Vaejovis sera*

V. spinigerus V. confuscius

U P VCN U P VCN
Human A; 512 8192 0 256 16 0
B 512 8192 0 128 16 0
C 512 2048 0 128 16 0
Dog 512 2048 0 64 8 0
Rabbit 128 0 0 16 32 0
Sheep 4 1024 0 0 16 0
Bovine 0 4096 0 0 0 0
Cat 8 128 0 0 0 0
Goat 0 0 0 0 0 0
Baboon 0 0 0 0 0 0
Stumptail 0 0 0 0 0 0
Rhesus 0 0 0 0 0 0
Horse 2048 2048 2048 512 128 256
Rat 2048 2048 2048 512 128 1024
Mouse 1024 1024 1024 512 32 256
Duck 64 512 0 32 32 0
Chicken 32 1024 0 32 32 0
Pigeon 64 256 0 - - -

* Figures are agglutination titers. Titers were recorded as the inverse
ratio of the highest dilution showing a % + degree of agglutination.
U, untreated RBC; P, pronase-treated RBC, VCN, neuraminidase-
treated RBC; —, not tested.

the inhibitor solution by TBS, and as described before, substi-
tution of the sera by TBS.

Results and discussion. In table 1 V.spinigerus and V. confuscius
agglutination profiles for untreated and enzyme-treated RBC
are compared. Human ABO blood groups were not discrimi-
nated and VCN-treated human RBC were no longer aggluti-
nated by Vaejovis lectins suggesting that cell surface sialic acids
are involved in the carbohydrate moieties recognized by both
Vaejovis species. However, except for rabbit RBC, V. spinigerus
titers were increased or remain unchanged after P-treatment of
RBC while for V. confuscius titers were decreased by P-treat-
ment suggesting that P-sensitive sialopeptides are the struc-
tures recognized by the latter. Although all vertebrates species
tested are known to exhibit cell surface sialic acids some RBC
were not agglutinated by Vaejovis lectins; moreover, both Vae-
Jjovis species discriminated between human and non-human
primate RBC. V.spinigerus lack of agglutination with un-
treated bovine RBC was not surprising since these RBC have
an hydrophilic glycoprotein coating which prevents exposure
of many surface antigens'®. Lack of agglutination of untreated
and enzyme-treated bovine RBC has already been observed
with other scorpion lectins®. With bird RBC both Vaejovis spe-
cies exhibited agglutination patterns typical of sialic acid spe-
cific lectins. Crossed absorption experiments (table 2) showed
that multiple specificities were present in V.spinigerus serum.
Duck and human RBC crossreacted but did not absorb any
activity for horse or rat RBC. P-treated horse RBC appeared
to be agglutinated by a lectin different from the one which

Table 2. Crossed absorption test on V. spinigerus serum*

V. spinigerus serum dil. 1:10 tested with
V. spinigerus serum

dil. 1:10 absorbed Human Duck Horse Rat
with P P P VCN P VCN
None 512 64 256 256 256 128
Human P 0 8 128 256 256 128
Duck P 0 0 256 256 128 128
Horse P 0 64 0 8 256 256
VCN 0 8 256 0 128 64
Rat P 0 0 0 0 0 0
VCN 0 0 4 0 0 0

* Figures are agglutination titers. Titers were recorded as the inverse
ratio of the highest dilution showing a % + degree agglutination. P,
pronase-treated RBC; VCN, neuraminidase-treated RBC.
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agglutinated the VCN-treated cells. Rat RBC absorbed all lec-
tins suggesting that carbohydrate moieties recognized by all
lectins are present on their cell surface. Hemagglutination-inhi-
bition experiments showed that 2-keto-3-deoxyacids, mainly
sialic acids, were the best inhibitors of V.spinigerus lectins. The
trisaccharide sialyllactose was the only compound which inhib-
ited the agglutination of all cells tested. 2-Keto-3-deoxy-
octonate was a potent inhibitor only when testing aggluti-
nation of human RBC. Other acidic sugars such as uronic
acids also inhibited at moderate concentrations. Other N-ace-
tylaminosugars such as GalNAc and ManNAc only inhibited
the agglutination of VCN-treated horse RBC. Inhibition by
untreated and desialylated glycoproteins indicated that sialic
acids were responsible for the inhibitory capabilities of the gly-
coproteins tested: only sialoglycoproteins inhibited V. spini-
gerus agglutinins. Except for agglutination of VCN-treated
horse RBC, which was inhibited (although at high concentra-
tions) by desialylated BSM and thyroglobulin, for all other
cells only the untreated glycoproteins inhibited effectively.

Qualitative and quantitative differences in the inhibitory capa-
bilities of most glycoproteins tested depending on the cell and/
or enzyme treatment tested corfirmed the heterogeneity of
V.spinigerus lectins observed in the crossed-absorption experi-
ments. It is interesting that lectins which agglutinated horse
and rat RBC could discriminate between orosomucoids of hu-
man and bovine origin. Moreover, BSM was a better inhibitor
than fetuin to a degree which could not be accounted for by
the differences in their sialic acid content. In addition asialo-
BSM which retains 27.9% of the sialic acid (SA) content of

Table 3. Hemagglutination-inhibition profiles of V. spinigerus aggluti-
nins

Inhibitors®® Erythrocytes/enzyme treatment

Human Horse Rat

P P VCN P VCN
[mM]
NANA 6.2 25.0 - 25.0 -
NGNA 6.2 25.0 - - -
NANABMeGly 12.5 25.0 - 50.0 -
Sialyllactose 12.5 50.0 50.0 12.5 50
KDO 6.2 - - - -
GluA 12.5 50.0 - - -
GalA 50.0 50.0 - - -
GalNAc - - 50.0 - -
ManNAc - - 50.0 - _
[% wiv]
BSM 0.001 0.007 0.003 0.007 0.007
Asialo BSM - - 0.25 - -
Fetuin 0.003 0.06 0.50 0.25 -
Orosomucoid (bovine)  0.003 0.015 0.06 0.06 0.25
Orosomucoid (human)  0.007 0.12 - 0.25 -
PSM 0.06 - - - -
Thyroglobulin 0.06 - - - -

Figures are minimal concentrations (mM or % w/v) that inhibit 2 ag-
glutination units.

® Abbreviations: P, pronase-treated; VCN, Neuraminidase-treated;
NANA, N-acetylneuraminic acid; NGNA: N-glycolylneuraminic acid;
NANA B MeGly, N-acetylneuraminic acid B-methylglycoside; KDO,
2-keto-3-deoxyoctonate; GluA, glucuronic acid; GalA, galacturonic
acid; GalNAc, N-acetyl-D-galactosamine; ManNAc, N-acetyl-D-man-
nosamine; BSM, bovine submaxillary mucin; PSM, porcine stomach
mucin; -—, no inhibition at concentrations up to 200 mM (mono-and
oligosaccharides) or 1% w/v (glycoproteins).

b1 -fucose, D-mannose, D-mannosamineHCI, N-acetylglutamic acid,
N-acetyl-D-glucosamine, colominic acid, D-galactose, D-glucose, a-lac-
tose, stachiose, raffinose, cellobiose, gentiobiose, D-allose, methoxy-
neuraminic acid, arabinogalactan, asialo-fetuin, asialo-orosomucoid
(bovine or human) asialo-PSM, asialo-thyroglobulin, and ovomucoid
did not inhibit at concentrations up to 200 mM (mono- and oligosac-
charides) or 1% w/v (glycoproteins and polysaccharides).
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untreated BSM, was still a better inhibitor than fetuin for frac-
tions agglutinating VCN-treated horse RBC suggesting that
the terminal oligosaccharide SA-a-2-6-GalNAc, abundant in
BSM, is preferred to SA-u-2-3(6)-Gal present in fetuin and
thyroglobulin. However, since free GalNaC inhibited those lec-
tin fractions it is possible that subterminal GalNAc, exposed
by cleavage of sialic acid, was responsible for the inhibitory
capabilities of asialo-BSM. The fraction agglutinating human
RBC appcars to recognize both structures to the same degrec.
Purification and physicochemical characterization of these lec-
tin fractions now in progress in our laboratory, might confirm
some of our tentative conclusions and elucidate possible rela-
tionships between specificity and molccular structure.

Although they present minor differences in their agglutination,
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crossed absorption and agglutination-inhibition profiles, the
members of the family Vaejovidae studied so far (Paruroctonus
mesaensis, Vaejovis confuscius and V. spinigerus), exhibit serum
lectins which bind sialic acids. These profiles are different from
the ones observed in the two members, of the Buthidae>* ex-
amined in this respect, which, in addition to sialoconjugate-
binding lectins also exhibit lectins specific for galactosyl resi-
dues. Since sialic acids are a latc development in evolution'®,
clues about the biological function(s) of chelicerate sialic acid-
binding serum lectins might be found in the binding to KDO,
uronic acids and N-acylaminosugars, all substances found in
bacterial ccll walls. These obscrvations suggest that chelicerate
serum lectins might be involved in defense functions against
bacterial infection.

9 Li, E., Tabas, I. and Kornfeld, S., J. biol. Chem. 253 (1978) 7762.

10 Trevelyan, W.E., Proctor, D.P., and Harrison, J.S., Nature /66
(1950) 444.

11 Svennerholm, E., and Svennerholm, L., Naturc /87 (1958) 1154.

12 Roe, 1LH., J. biol. Chem. 2/2 (1955) 335.

13 Aminoff, D., Virology 7 (1959) 355.

14 Svennerbolm, L., Biochim. biophys. Acta 24 (1957) 604.

15 Pardoe, G.1,, Friberg, S., and Greenland, T.B., Rev. Inst. Pasteur
Lyon 6 (1973) 373.

16 Warren, L., Comp. biochem. Physiol. /0 (1963) 15.

0014-4754/84/050485-03%1.50 + 0.20/0
@ Birkhduser Verlag Basel, 1984

Prolongation of the survival of skin grafts in mice by PUVA treatment
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Summary. The combined application of psoralen and UVA radiation to skin grafts induced a prolongation of the survival time of
the grafts in mice. This was obscerved using the H-Y barrier, an allogencic barrier without H-2 disparitics, and a strong H-2
incompatible barricr. The cffect is probably duc to a reduction of antigen-presenting cells, or to other, unknown mechanisms.

During recent yecars, the so called PUVA therapy (psora-
len + UVA irradiation) became popular in the treatment of
psoriasis. It was shown that ultraviolet radiation (UVR) has a
profound influence on the immune system, cspecially on anti-
gen-presenting cells like Langerhans cells in the skin or den-
dritic and interdigitating cclls in lymphoid organs. Thercby
UVR often induccs suppressor T cells and a suppression of
immune rcactions like contact hypersensitivity or tumor immu-
nity. Thesc questions have been reviewed recently' 4. Here we
describe experiments 1o prolong the survival of skin grafts in
mice by treatment of the grafts with 8-methoxy-psoralen (8-
MOP) and longwave ultraviolet (UVA) irradiation.

Materials and methods. Mice of the strains AB/Bln, BALB/c,
DBA/2 Bln, and C57Bl/6 Bln from the breeding colony of the
Academy of Sciences of the GDR were used, 8-MOP was pur-
chased from GEROT Pharmaccutica Vienna as a 0.15% solu-
tion (Oxsoralen”).

The tails of the donors were smeared twice with a mixture of
cqual parts of Oxsoralen'™ and glycerine. After 1 h the donors
were anesthetised with 0.2-0.3 ml of a 1.4% solution of hexo-
barbital sodium salt and irradiated under fluorescent UV
lamps (VEB NARVA Brand-Erbisdorf, 20 W, 220 V) that emit
mainly UVA light (7% UVB) with an intensity of 2.25 x 107*
Jjem? x sec at a distance of 10 em. Therefore, the UVR doses
were 4.05, 8.10, 16.2, and 32.4 J/cm?, respectively.

6

Then small epidermal grafts were excised with a blade and
transplanted (o similarly prepared skin sites on the recipient’s
tail. Each recipicent reccived 2 grafts which were covered with a
glass tube fixed on the distal end of the tail. The grafts were
checked daily for viability using a stercomicroscope. A full re-
jection was recorded for 1 individual when it had rejected both
grafts. For statistical cvaluation the nonparametric Wilcoxon
Mann-Whitney test was used.

Results. Transplantation against a H-Y barricr: Male donor
mice of the inbred strain AB were treated with 8-MOP, the
grafts were irradiated in situ with UVR and transplanted to
female recipients of the same strain. The results arc shown in
table 1. They show a remarkable dose-dependent prolongative
effect of the PUVA treatment.

Transplantation against an allogencic barrier without H-2 dis-
parities: Similar experiments were performed using female
DBA/2 mice as donors and female BALB/c recipients (both
H-2¢). The results are shown in table 2. The mean survival time
(MST) showed that also in this system there was a clear-cut
dose-dependent prolongative clfect of the PUVA treatment on
graft survival.

Transplantation against a strong H-2 incompatible barrier:
Here, we studied the effect of PUVA treatment in a strong
allogeneic barrier, representing a full house mismatch in all
transplantation loci. As donors we used C57Bl/6 mice (H-2%),



