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Inhibition of Human Immunodeficiency Virus-1 Infection by Human

Conglutinin-like Protein: In vitro Studies
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The lectin-like protein analogous to bovine conglutinin was purified from human serum. The
carbohydrate-binding ability of conglutinin-like protein was inhibited by D-mannose, N-acetylglucosa-
mine and L-fucose as well as by mannan-containing oligosaccharides. By applying a lectin-hased
ELISA system it was demonstrated that conglutinin-like protein binds to human immunodeficiency
virus-1 (HIV-1} glycoprotein 120 (gp120) via its carbohydrate binding site. In vifro experiments with
T-lymphoblastoid CEM cells revealed that conglutinin-like protein abolishes infection by HIV-1; a
50% cytoprotective concentration of 23.9 ug/ml was measured. These findings demonstrate that
human conglutinin-like protein binds to HIV-gp120 and inhibits, under the described in vitro

conditions, CEM cell infection.
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The major envelope glycoprotein of the human im-
munodeficiency virus type 1 (HIV-1)° (gpl120) plays a
key role during the initial phase of virus infection."?
gp120, which consists of more than 20 potential N-glyco-
sylation sites, is heavily glycosylated.>*

In recent years a series of mannose-specific plant and
animal lectins has been described which block HIV infec-
tion in vitro.”™ Besides these lectins a mannose-binding
protein from human serum has been identified which
inhibits HIV infection.” This 32-kDa protein which
binds to the carbohydrate side chains of both N-linked
and O-linked glycoproteins'® was shown to bind to
HIV-gp120 and thereby to inhibit viral entry. Besides this
mannose-specific, lectin-like protein, a second mannose-
binding protein analogous to bovine conglutinin,®'™
termed human conglutinin-like protein, exists in human
serum. In addition to mannose, conglutinin binds termi-
nal N-acetylglucosamine and fucose residues.'"™ Bind-
ing is calcium-dependent; for optimal activity 2 mM
CaCl, is required.' At present the function of human
conglutinin-like protein is not known. Here we report
that purified human conglutinin-like protein binds to
HIV-gp120 and blocks virus infection in vitro.

* To whom correspondence should be addressed.

§ Abbreviations: HIV, human immunodeficiency virus; Al,
antiviral index; AIDS, acquired immuncdeficiency syndrome;
ELISA, enzyme-linked immunoassay; HTLV, human T-lym-
photropic virus; ICs, 509 cytoprotective concentration; RT,
reverse transcriptase; TCq, 50% cytotoxic concentration; ECs,
509% effective antiviral concentration.
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MATERIALS AND METHODS

Zymosan (from Saccharomyces cerevisiae), mannose
(cross-linked to agarose; M-6400) and collagenase (C-
0773) were obtained from Sigma, St. Louis, MO (USA);
rabbit antibodies against sheep erythrocytes from Behr-
ingwerke, Marburg (Germany); all carbohydrates from
BioCarb Chemicals, Lund (Sweden); alkaline phospha-
tase, digoxigenin-labeled lectin from Galanthus nivalis
and anti-digoxigenin peroxidase were obtained from
Boehringer Mannheim, Mannheim (Germany).

Purified gp120 was prepared from HIV-IIIB-infected
H9 celis as described.® The lectin from Narcissus psewdo-
narcissus (NPL) was purified as described.'”® Mannans
from yeast cells (Candida albicans) of the following
structures were prepared as described'®?: M-(1—3)-[M-
(1—2)]+M and [M-(1—2)]s+M linked to [M-(1—
6)M], (=Man-A) and [M-(1—2)];-M-(1—3)-M-(1—>
2}-M and [M-(1—3)],-[M-(1—2)],-M linked to [M-
(1—=6)M], (=Man-B).

Antiretrovirus assays The methodology of the anti-HIV
assays has been described previously.!” Human T lym-
phoblastoid CEM cells [acutely infected] (starting con-
centration: 1X 10° cells/ml) were suspended in medium
and infected with HIV-1 (strain HTLV ') at 50 50%-
cell culture infective dose [CCID;;] (1 CCIDy, being the
dose infective for 50% of the cell culture) per ml of cell
suspension. For the inhibition studies the 100-¢l virus
suspensions, used to infect the cells, were preincubated



(12 h; 4°C) with the indicated amount of conglutinin-like
protein. Cuttures (1 ml) were incubated for five days.
The number of viable cells was monitored by the MTT
colorimetric assay system'® and evaluated with an
ELISA reader.” After incubation for five days the unin-
fected CEM cells had undergone 2.16 doubling steps®”
and the infected cells underwent 0.13 doubling step. To
test for virus release, cells were removed and supernatant
fluids were assayed for reverse transcriptase (RT) activ-
ity.™ The activity of this enzyme after incubation of the
infected cells for 5 days was 9.3 X 10° cpm/ml culture
fluid. The percentage of cells expressing p17 and p24 gag
proteins of HIV-1 was determined by indirect immuno-
fluorescence microscopy with the use of mouse mono-
clonal antibodies to HIV-1 pl7 and p24. Positive cells
were visualized by treatment with fluorescein-labeled goat
anti-mouse 1gG'"”; the reactivity of the antibodies with
HIV-l-infected cells was in the range of 70-85%.

The 50% effective antiviral concentration (ECsp) was
estimated from six different test concentrations by log-
arithmic regression®” and represents that concentration
which displays a 50% cytoprotective effect on HIV-
infected CEM cells.

Buffers  Phosphate-buffered saline (PBS): 1.5 mM
KH,PO,, 8.1 mM Na,HPO,, 137 mM NaCl, 2.7 mM
KCl, 15 mM NaN, (pH 7.4). Veronal-buffered saline
{VBS): 4 mM Na-barbital, 145 mM NaCl, 15 mM NaN;,
0.05% [v/v] Tween 20 (pH 7.4). Mc**-VBS was VBS
containing 2 mM CaCl, and ! mM MgCl,. EDTA-VBS
was VBS containing 10 mM EDTA.

Isolation and purification of conglutinin-like protein
Human conglutinin-like protein was prepared as de-
scribed.” # Briefly, pooled frozen normal human serum
(a batch of 250 ml) was thawed and heated at 56°C
for 45 min. The serum was supplemented with 2 mM
CaCl, and incubated with Zymosan (1 mg/ml). After
washing with PBS, bound protein was eluted with EDTA-
VBS. The resulting eluate (15 ml) was supplemented
with CaCl, to give a final concentration of unchelated
Ca®* of 2 mM. This material was applied to a mannan-
agarose column (2X10 cm) which was equilibrated
with Me’*-VBS. The protein bound to the column was
cluted in a volume of 45 ml with EDTA-VBS; the protein
content was 12.7 mg. This fraction was dialyzed against
EDTA-VBS which was saturated to 70% with respect
to ammonium sulfate. The precipitated maierial was col-
lected by centrifugation and suspended in 7 ml of 10
mM Tris/HCI buffer (pH 7.4; 2 mM EDTA, 200 mM
NaCl). This fraction was applied to a Sepharose 6B-CL
column (1 X 50 cm) which was equilibrated with this Tris
buffer. Fractions of 1.0 ml were collected and analyzed.
One peak of protein (V./V, range: 1.08-1.18, corre-
sponding to an Mr of approximately 600,000 to 700,000)
was Identified, which coincided with the peak of con-
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glutinin-like protein agglutination activity. The specific
activity of the pooled fraction (no. 43-45) was 83.3 titer
units/mg of protein (33.7 titer units/ml).

The analysis of the fraction by polyacrylamide gel
electrophoresis under denaturing conditions (and with-
out dithiothreitol treatment [unreduced sample])
revealed an Mr of 330,000 to 340,000 (Fig. 1, lane a).
After treatment of the fraction with dithiothreitol
(reduced sample) two major protein bands, one band
with an Mr of 100,000 and a second one of Mr 67,000
were obtained (lane b). After treatment of the reduced
sampie with coilagenase (collagenase-treated, reduced
and alkylated sample) the band at Mr 67,000 dis-
appeared, while the Mr 100,000 band split into a second
species of Mr 90,000 (lane c). Based on published data®”
which are in agreement with the data presented here, the
human conglutinin-like protein behaves under native
conditions as a dimer of Mr 600,000 to 700,000, com-
posed of two Mr 330,000 to 340,000 protein species
(denaturing conditions).

Conglutinin reaction The agglutination activity of the
conglutinin-like protein was determined according to
Baatrup et al.'¥ Briefly, sheep erythrocytes were fixed
with glutardialdehyde and coated with antibodies (rabbit
antibodies against sheep erythrocytes) and complement
{human serum); this preparation is termed EAC. One
hundred gl of Me**-VBS (containing either no other
component or supplemented with various concentrations
of carbohydrates) was mixed with 100 g of conglutinin-
like protein in a microplate well. After 10 min, 100 g1 of
a 2% suspension of EAC (in Me®"-VBS) was added;

Fig. 1. Polyacrylamide gel electrophoresis of conglutinin-like
protein. Final fraction, obtained after gel chromatography, was
electrophoresed on 5-209% polyacrylamide gradient gel under
denaturing conditions. As described under “Materials and
Methods” three preparations of the fraction were analyzed; (i)
unreduced sample (lane a) (ii) reduced sample (lane b) and
(iii) collagenase-treated, reduced and alkylated sample (lane
¢). Molecular weight standards were ferritin (450 kDa), cata-
lase (240 kDa), aldolase (158 kDa), S-galactosidase (116 kDa)
and bovine serum albumin (68 kDa).
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agglutination was read after 2 h of incubation (room
temperature). The reciprocal of the greatest dilution at
which agglutination occurred was taken as the titer in the
original preparation containing the conglutinin-like
protein.

For hapten inhibition experiments, varying amounts of
sugars were added to the reaction mixture (300 yl)
consisting of 100 ¢l of conglutinin-like protein and 20 ;g
of Man-A in Me’*-VBS. After 2 h of incubation (room
temperature) the reaction mixture was centrifuged and
the precipitates were analyzed for protein.

Gel electrophoresis Conglutinin-like protein was size-
separated by 5-20% polyacrylamide gel electrophoresis
in the presence of 0.1% sodium dodecyl sulfate.>?* The
conglutinin-like protein sample mixed with sample buifer
(3% sodium dodecyl sulfate, 10% glycerol, 8 M urea)
was either applied directly to the gel [unreduced sample],
or was reduced (using 30 mM dithiothreitol) and alkyl-
ated (with 65 mM iodoacetic acid) prior to gel electro-
phoresis as described.” In one experiment conglutinin-
like protein, adsorbed on mannan-agarose beads, was
digested with collagenase” and then transferred to
sample buffer; after reduction and alkylation the sample
was analyzed [collagenase-treated, reduced and alkylated
sample].

gp120 binding ELISA A detailed description was given
earlier."®?” Microtiter plates were coated with the man-
riose-specific Narcissus pseudonarcissus lectin. Free gpl120
(1 to 300 ng/assay} was dissolved in 50 gl of “dilution
buffer” (3% bovine serum albumin in PBS, supplemented
with 2 mM CaCl,, 1 mM MgCl, and 0.02% NalN,) and
preincubated with 50 il of conglutinin-like protein (0 to
17 ug) for 12 h at 4°C. This material was added to the

wells and incubated for 24 h (4°C) in a humid atmo-
sphere. After a washing step, digoxigenin-labeled lectin

. from Galanthus nivalis (10 ug/ml Me’ ' -PBS) was added

to each well and incubated (1 h; 20°C). Finally, after
washing of the plates with Me?*-PBS, anti-digoxigenin/
peroxidase (0.15 U/ml PBS) was added and the im-
munocomplexes were detected and quantified by addition
of 4 mM o-phenylenediamine as a substrate. Finally, the
reaction was stopped with 0.1 M H,80, and the analysis
was performed at 490 nm in an ELISA reader. Back-
ground staining (assays without gp120) was subtracted
from the readings. The relationship between free gp120
and optical density was linear in a semi-logarithmic plot
between 0.03 and 1,000 ng per 501 reaction volume. '% 2729
Other methods Protein was determined as described,?”
using bovine serum albumin as a standard.

RESULTS

Conglutinin-like protein preparation Enrichment of con-
glutinin-like protein was achieved by two affinity purifica-
tion steps (first, batchwise adsorption on Zymosan and
second, affinity chromatography on a mannan-agarose
column) and finally by gel permeation as described under
“Materials and Methods.” This sample was used for the
experiments.

Inhibition of binding activity of conglutinin-like protein
by sugars Agglutination activity of conglutinin-like pro-
tein was determined in the microtiter assay system, using
EAC-erythrocytes as indicator cells. Among the carbo-
hydrates examined, the binding of conglutinin-like pro-
tein to the complement-coated EAC-erythrocytes was
strongly inhibited by N-acetylglucosamine, and to a

Table I. Inhibition of Binding of Conglutinin-iike Protein to Coated Sheep Erythrocytes (EAC)

Concentration

Compound added (mM)

Agglutination activity

(mM) (/300 1) (titer/mg protein)
None 83.3
EDTA 20 <5
N-Acetylglucosamine 200 235
L-Fucose 200 378
D-Mannose 200 49.3
N-Acetylmannosamine 200 74.1
Glucose 200 85.2
Galactose 200 82.7
N-Acetylgalactosamine 200 78.4
Glucose 6-phosphate 200 85.6
Mannose 6-phosphate 200 85.1
Man-A 50 <5
Man-B 50 <35

The final concentrations of the carbohydrates in the assays are given.
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_ Table II. Inhibition of Conglutinin-like Protein-Man-A Mannan Precipitation by Oligosaccharides
: . Concentration (¢M)
Oligosaccharide for 50% inhibition
Man{a1-2)Man 75
Man(al-3)Man >200
Man(51-4)GlcNAc 34
Man(a1-3)Man(31-4)GlcNAc >200
Man(a1-2)Man(z1-3)Man(81-4)GlcNAc 21
Man(al-2)Man(a1-3}Man{a1-6)—
Man(51-4)GlcNAc 17
Man(21-2)Man{g1-3)—
Man{a1-2)Man(a1-6)Man{a1-6)
Man{a 1-3)J
Man(51-4)GlcNAc 8

Man(a1-2)Man(z1-2)Man(a1-3)—

lesser extent by L-fucose and p-mannose (Table I). None
of the other monosaccharides tested displayed pro-
nounced inhibitory activity at the concentration of 200
mM. However, the two mannans from yeast cells, Man-A
and Man-B, at a concentration of 50 xg/ml completely
blocked the activity of conglutinin-like protein. Likewise,
20 mM EDTA in the assay system nullified the agglutma—
tion activity of conglutinin-like protein.

To determine the carbohydrate binding specificity of
conglutinin-like protein, hapten inhibition studies were
conducted using Man-A as the precipitating polysaccha-
ride. Man-A was selected for this purpose because of its
high binding ability to conglutinin-like protein (Table I).
Concentrations of sugars required for 509 inhibition
were obtained from complete inhibition curves. Among
the disaccharides tested, Man (8 1-4) GlcNAc was
strongly inhibitory [50% inhibition at 34 uM], while
Man(al-2)Man was a less potent inhibitor [75 gM];
Man(a1-3)Man was inactive (Table II). The trisaccha-
ride Man(a1-3)Man(51-4)GlcNAc was inactive, while
Man(a1-2)Man(a1-3)Man(81-4}GlcNAc was highly
inhibitory {21 ¢ M]. Two oligosaccharides were tested for
inhibitory potency; the high-mannose type oligosaccha-
ride Mang-GlcNAc was more potent [ 50% inhibition at 8
pM)] than Man,-GleNAc [17 g M] (Table II).

Binding of conglutinin-like protein to HIV-gp120 An
ELISA system was applied to demonstrate that con-
glutinin-like protein binds to HIV-gp120. The mannose-
specific lectin from Narcissus pseudonarcissus® was
coated onto the solid phase. Addition of gpl20 to the
wells resulted in gpl120/lectin complex formation.'®?"
This complex was finally detected and quantified by a
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Fig. 2. Inhibition of binding of HIV-gp120 to the mannose
specific lectin from Narcissus pseudonareissus by conglutinin-
like protein, The ELISA system used for this study is described
under “Materials and Methods,” Different concentrations of
gpl20 (1-300 ng/assay [50 ul]) were pre-incubated with 0
(®), 1.7 (X) or 17 pg/assay of conglutinin-like protein (O)
and then assayed in the ELISA system. The absorbance values
reflect the amount of free [not conglutinin-complexed] gp120
bound to the lectin. In two series of experiments 17 ug of
conglutinin-like protein was incubated with 0.55 g of Candida
mannan, Man-A (B) or Man-B (0O), (5 h, 4°C) prior to the
addition to gp120.

461



Jpn. J. Cancer Res. 83, May 1992

100 5100 =100 =11.3
D ~3 r~ 11.1 —
=t {1 8 ] 3 E
o - - i '-D\
5 T 1= 1 = =)
c = z .
:g 50F -50"5 150 % -0.9‘;
o c = =
T 1§41 8] %
o N l =& ] = &
g £ € do7®
ot 134 ]z
o. @ 8 o
B — 2 4 =] °
@ n —
o
ob L L | sww J 0 40 -0.5
CEM CEM/HTLV-IIIB
0 0 3 10 50 {ug/ml}

Fig. 3.

Inhibition of HIV-1 (HTLV-IIIB) production by CEM cells in the presence of conglutinin-like protein. The antiretrovirus

assay was performed as decribed in the text. The final concentrations of conglutinin-like protein are given. After incubation of the
HIV-infected cells for five days, the RT activity in the culture medium (the data are given as percent inhibition of RT activity,
compared to the infected controls; open bars), the inhibition of viral p24 (stippled bars) and pl17 (hatched bars) expression of
infected cells were estimated, and the number of viable cells was determined (solid bars). As a control, the growth of uninfected
CEM cells is given. The means of five parallel experiments are shown.

second digoxigenin-labeled mannose-specific lectin. Ad-
dition of 300 ng [ =2.5 pmol] of free gp120 to the assays
resulted in an absorbance value of 0.41 at 490 nm (Fig.
2). Preincubation of gp120 with purified conglutinin-like
protein resulted in a dose-dependent decrease of binding
of gp120 to the lectin. At the stoichiometric concentra-
tion of conglutinin-like protein, 1.7 ug/assay [=2.5
pmol], a reduction of the absorbance to 23% was mea-
sured; at a 10-fold surplus of conglutinin-like protein,
17 ug/assay [ =25 pmol], only background levels {assays
in the absence of gpl20) were determined (Fig. 2).
Incubation of conglutinin-like protein with mannan
preparation from Candida albicans, Man-A or Man-B,
prior to the addition to free gp120 abolished the binding
ability of conglutinin-like protein to gp120 (Fig. 2). For
these experiments 0.55 yg [=250 pmol] of mannan was
added to 17 pg [=25 pmol] of conglutinin-like protein.
From these data we conclude that conglutinin-like pro-
tein binds to mannose-containing structures, present on
both HIV-gp120 and yeast glycoproteins.
Anti-HIV activity of conglutinin-like protein Prior to
testing for anti-HIV activity the purified conglutinin-like
protein fraction was dialyzed against PBS lacking NaN..
This fraction was determined to be not toxic to cells at
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the highest test concentration (150 gg/ml). At concen-
trations between 10 and 50 pg/ml of conglutinin-like
protein, the RT activity in the culture supernatant of
infected CEM cells (as a measure of the presence of
HIV-1) was reduced to approximately 50% (Fig. 3). The
values for inhibition of p24- and pl7-positive cells, for
RT inhibition and for viable cell counts nearly match at
a given concentration of conglutinin-like protein. The
ECs, value for conglutinin-like protein was determined to
be 23.9 2g/ml. At concentrations above 50 ug/ml com-
plete inhibition of HIV production was observed.

DISCUSSION

Two human serum lectins have been described which
recognize specifically mannose and N-acetylglucosamine,
{i) the serum mannan-binding protein and (ii) the serum
protein analogous to bovine conglutinin. The serum
mannan-binding protein with an Mr of ~700,000 con-
sists of approximately 20 indentical subunits of Mr
31,000.” It has been suggested that this protein plays a
role in host defense by binding to pathogens, such as
bacteria, yeast, fungi and envelope glycoproteins of cer-



tain viruses including HIV.*® Under in vitro conditions
the mannan-binding protein inhibits infection of lympho-
blasts by HIV via binding to cell surface structures of
HIV-infected cells.”® Now we propose a similar function
for the human conglutinin-like protein.

The second mannan-binding serum lectin, conglutinin,
is a polypeptide of Mr ~650,000, which contains one
collagenase-sensitive subunit of Mr 67,000 as shown in
this and previous work.” Our finding that the ability of
human conglutinin-like protein to agglutinate com-
plement-coated EAC-erythrocytes was sensitively in-
hibited by N-acetylglucosamine, L-fucose, D-mannose and
EDTA is in accordance with published data.'™ In the
present study we demonstrate that the function of the
conglutinin-like protein is abolished by oligosaccharides
carrying terminal a1-2-linked mannose residues. In addi-
tion we report that human conglutinin-like protein binds
in a Ca’'-dependent manner to HIV-gpl20 via the
mannan-binding site of this serum protein. This interest-
ing finding appears to be a general feature of this protein,
since also bovine conglutinin was found to react with
gp120.*? Moreover, the human protein prevents infec-
tion of the CEM lymphoblasts by HIV-1. The anti-HIV
activity of conglutinin-like protein (ECsy: 23.0 ug/ml) is
as strong as that displayed by the human serum mannose-
binding protein.*” However, in contrast to the mannose-

REFERENCES

1} Dalgleish, A. G., Beverley, P. C. L., Clapham, P. R,,
Crawford, D. H., Greaves, M. P. and Weiss, R. A. The
CD4 antigen is an essential component of the AIDS retro-
virus. Nature, 312, 763-767 (1984).

2) Klatzmann, D., Champagne, E., Chamaret, S., Gruest, J.,
Guetard, D., Hercent, T., Gluckman, J. C. and
Montagnier, L. T-Lymphocyte T4 molecule behaves as
the receptor for human retrovirus LAY. Nature, 312, 767-
768 (1984).

3) Geyer, H., Holschback, C., Hunsmann, G. and Schneider,
J. Carbohydrates of human immunodeficiency virus. J.
Biol. Chem., 263, 11760-11767 (1988).

4) Mizuochi, T., Spellman, M. W., Larkin, M., Sclomon, J.,
Basa, L. J. and Feizi, T. Carbohydrate structures of
human-immunodeficiency-virus (HIV} recombinant en-
velope glycoprotein gpl20 produced in Chinese-hamster
ovary cells, Biochem. J., 254, 599-603 (1988).

5) Lifson, J.,, Contré, 8., Huang, E. and Engleman, E. Role
of envelope glycoprotein carbohydrate in human immuno-
deficiency virus (HIV) infectivity and virus-induced cell
fusion, J. Exp. Med., 164, 2101-2106 (1986).

6} Miilller W. E. G., Renneisen, K., Kreuter, M. H,,
Schroder, H. C. and Winkler, I. The D-mannose-specific
lectin from Gerardia savagiia blocks binding of human
immunodeficiency virus type I to H9 cells and human

Anti-HIV Activity of Conglutinin

binding protein, the concentration of the conglutinin-like
protein in human serum is much lower.” Based on the
presented finding that conglutinin-like protein is inhibi-
tory against HIV infection in vitro, we may anticipate
a potential in vivo effect. Two possible mechanisms of in
vive action of conglutinin-like protein can be considered:
conglutinin-like protein may either coat the HIV enve-
lope and promote its attachment to CD4 "™ target cells by
cross-linking™*® or it may mask the virus envelope and
prevent binding as demonstrated in this work.

In conclusion, this study shows that the mannose-
binding serum protein, conglutinin-like protein, binds
to gpl20 and — very likely — thereby prevents infection
of cells in vitro. Future studies are needed to examine
whether this finding can be generalized to in vivo
situations.

ACKNOWLEDGMENTS

We thank the National Institutes of Health {AIDS Research
and Reference Reagent Program) for the gifts of the virus
strains. This work was supported by grants from the Bun-
desgesundheitsamt (FVP 5/88; A2 and A3; FG 51075) and by a
Grant-in-Aid from the Japanese Foundation for Prevention of
AIDS.

(Received January 13, 1992 /Accepted February 24, 1992)

lymphocytes in vitro. J. Acquired Immune Defi. Syndr., 1,
453458 (1988).

7) Ikeda, K., Sannoh, T., Kawasaki, N., Kawasaki, T. and
Yamashina, I. Serum lectin with known structure acti-
vates complement through the classical pathway. J. Biol
Chem., 262, 7451-7454 (1987).

8) Hammar, L., Eriksson, 8. and Morein, B. Human im-
munodeficiency virus glycoproteins: lectin binding prop-
erties. AIDS Res. Hum. Retroviruses, 5, 495-506 (1989).

9) Thiel, $., Baatrup, G., Friis-Christiansen, P., Svehag, S.-E.
and Jesenius, J. C. Characterization of a lectin in-human
plasma analogous to bovine conglutinin. Scand. J. Im-
munol., 26, 461-468 (1987).

10) Childs, R. A., Drickamer, K., Kawasaki, T., Thiel, S,
Mizuochi, T. and Feizi, T. Neoglycolipids as probes of
oligosaccharide recognition by recombinant and natural
mannose-binding proteins of the rat and man. Biochem. J.,
262, 131-138 (1989).

11y Loveless, R. W., Feizi, T., Childs, R. A., Mizuochi, T.,
Stoll, M. 8., Oldroyd, R. G. and Lachmann, P. J. Bovine
serum conglutinin is a lectin which binds non-reducing
terminal N-acetylglucosamine, mannose and fucose resi-
dues. Biochem. J., 25, 109-113 (1989).

12) Young, N. M. and Leon, M. A. The carbohydrate speci-
ficity of conglutinin and its homology to proteins in the

463



Jpn.

13)

14)

J. Cancer Res. 83, May 1992

hepatic lectin family. Biochem. Biophys. Res. Commun.,
143, 645-651 (1987).

Hirani, S., Lambris, J. D. and Miiller-Eberhard, J. Local-
ization of the conglutinin binding site on the third compo-
nent of human complement. J. Immunol.,, 134, 1105-1109
(1985).

Baatrup, G., Thiehl, S., Isager, H., Svehag, S.-E. and
Jesenius, J. C. Demonstration in human plasma of a lectin

“activity analogous to that of bovine conglutinin. Scand. J.

15)

16)

17)

18)

19)

20)

21)

464

Immunol., 26, 355-361 (1987).

Van Damme, E. J. M., Allen, A. K. and Peumans, W. J.
Related mannose-specific lectins from different species of
the family Amaryllidaceae. Physiol. Plant., 73, 52-57
(1988).

Miiller, W. E. G., Bachmann, M., Weiler, B. E., Schréder,
H. C., Uhlenbruck, G., Shinoda, T., Shimizu, H. and
Ushijima, H. Antibodies against defined carbohydrate
structures of Candida albicans protect H9 cells against
infection with human immunodeficiency virus-1 in vitro. J,
Acquired Immune Defi. Syndr., 4, 694-703 (1991).

Sarin, P. 8., Sun, D., Thornton, A. and Miiller, W. E. G.
Inhibition of replication of the etiologic agent of acquired
immune deficiency syndrome (human T-lymphotropic
retrovirus/lymphadenopathy-associated virus) by Avarol
and Avarone. J. Natl. Cancer Inst., 78, 663-666 (1987).
Popovié, M., Sarngadharan, M. G., Read, E. and Gallo,
R. C. Detection, isolation and continuous production of
cytopathic retroviruses (HTLV-III} from patients with
AIDS and pre-AIDS. Science, 224, 497-500 (1984).
Scudiero, D. A., Shoemaker, R. H,, Paull, K. D., Monks,
A, Tierney, S., Nofziger, T. H., Currens, M. J., Seniff, D.
and Boyd, M. R. Evaluation of a soluble tetrazolium/
formazan assay for cell growth and drug sensitivity in
culture using human and other tumor cell lines. Cancer
Res., 48, 4827-4833 (1988).

Miiller, W. E. G., Weiler, B. E., Charubala, R., Pfleiderer,
W., Leserman, L., Sobol, R. W., Suhadolnik, R. J. and
Schréder, H. C. Cordycepin analogues of 2’,5 -oligoade-
nylate inhibit human immunodeficiency virus infection via
inhibition of reverse transcriptase. Biochemistry, 30, 2027
2033 (1991).

Miiller, W. E. G., Rohde, H. I., Steffen, R., Maidhof, A.,
Lachmann, M., Zahn, R. K. and Umezawa, H. Influence
of formycin B on polyadenosine diphosphoribose synthesis

in vitro and in vivo. Cancer Res., 35, 3673-3681 (1975),

22) Schréder, H. C., Wenger, R., Kuchino, Y. and Miiller,
W. E. G. Modulation of nuclear matrix-associated (2'-5')-
oligoadenylate metabolism and ribonuclease L activity in
H?9 cells by human immunodeficiency virus. J, Biol. Chem.,
264, 5669-5673 (1989).

23) Sachs, L. “Angewandte Statistik,” pp. 209-216 (1984).
Springer Verlag, Berlin.

24) Andersen, 0., Sorensen, A.-M., Svehag, S.-E. and
Fenouillet, E. Conglutinin binds the HIV-1 envelope
glycoprotein gpl60 and inhibits its interaction with cell
membrane CD4. Scand. J. Immunol,, 33, 81-88 (1991).

25) Determann, H. “Gel Chromatography” (1969). Springer-
Verlag, Berlin.

26) Laemmli, U. K. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 227,
680-685 (1970).

27) Lowry, O.H., Rosebrough, N. I, Farr, A. L. and Randall,

R. ). Protein measurements with the Folin phenol reagent. .

J. Biol. Chem., 193, 265-275 (1951).

Weiler, B. E., Schicke, H., Bachmann, M., Mills, J.,

Gilbert, M., Brigido, L., Matthes, E., Forrest, J. M. S., and

Miiller, W. E. G. Human immunodeficiency virus: novel

enzyme-linked immunoassays for the quantitation of enve-

lope glycoprotein 120, Application in diagnosis and drug

screening. J. Virol. Methods, 32, 287-301 (1991).

Weiler, B, E., Schoder, H. C., Stefanovich, V., Stewart, D.,

Forrest, J. M. 8., Allen, L. B., Bowden, B. J., Kreuter,

M. H., Voth, R, and Miiller, W. E. G. Sulphoevernan,

a polyanionic polysaccharide, and the narcissus lectin

potently inhibit human immuncdeficiency virus infection

by binding to viral envelope protein. J. Gen. Virol., 71,

1957-1963 (1990).

Ezekowitz, R. A., Kuhlman, M., Groopman, J. E. and

Byrn, R. A. A human serum mannose-binding protein

inhibits in vitro infection by the human immunodeficiency

virus. J. Exp. Med., 169, 185-196 (1989).

Larkin, M., Childs, R. A., Matthews, T. J., Thiel, S,

Mizuochi, T., Lawson, A. M., Savill, J. S., Haslett, C.,

Diaz, R. and Feizi, T. Oligosaccharide-mediated interac-

tions of the envelope glycoprotein gpl20 of HIV-1 that are

independent of CD4 recognition. AIDS, 3, 793-798 (1989).

Feizi, T. and Larkin, M. AIDS and glycosylation.

Glycobiology, 1, 17-23 (1990).

28)

29)

30)

31)

)





