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§1. 2.40pm
Carbohydrate Receptor Recognition by Cholera and
Related Bacterial Toxins

W. G. J. Holt23, E. Merritt2, F. van den Akker?, and Steve
Sarfaty!

! Howard Hughes Medical Institute, University of Washington,
Seattle, WA 98195, USA

2 Department of Biological Structure, University of Washington,
Seartle, WA 98195, USA

3 Department of Biochemistry, University of Washington, Seattle,
WA 98195, USA.

Cholera toxin (CT) and the closely related heat-labile entero-
toxin of E. coli (LT) are complex ABs protein assemblies. The
enzymatic A subunit catalyses the ADP-ribosylation of G,
which leads to deregulation of the adenylate cyclase system and
eventually cholera and cholera-like disease. The B pentamer is
responsible for recognition of the pentamer-saccharide head
group of ganglioside Gy, the receptor of CT and LT on the
surface of the target epithelial cells of the intestinal system.

The recognition of the ganglioside Gy; by the CT B
pentamer has been revealed crystallographically as well as the
recognition of galactose, lactose, and galactose-galactosamine
(‘T-antigen’) by the LT B-pentamer. Also mutants of CTB
which have altered saccharide binding properties have been
crystallographically characterized. A surprising result of these
studies is the fact that a side chain of a residue of a B subunit of
a neighbouring pentamer occupies the galactose binding site.
Implications of this discovery for the design of cholera toxin
antagonists will be discussed. The mode of binding of the B
pentamer to the cell membrane and its consequence for the
mode of cell entry of the A subunit will also be considered.

$2. 3.10pm
The Glycoprotein Hormones: The Functional Significance
of Glycosylation

J. U. Baenziger
Washington University, St. Louis, MO 63110, USA.

Lutropin, thyrotropin, and a number of other glycoproteins
bear unique oligosaccharides terminating with SO,-4-GalNAc-
PAGIcNAcS. We have shown that a cluster of basic amino acids
within two turns of an a-helix in the a-subunit are essential
elements of a recognition determinant utilized by the GalNAc-
transferase, which displays both peptide and oligosaccharide
specificity. Structural features of the a-subunit essential for
hormone dimerization, receptor binding, receptor activation,
and GalNAc-transferase recognition are encoded within a
sequence which is absolutely conserved from fish to mammals.
Further, GalNAc-4-sulfotransferase and GalNAc-transferase
are expressed in the pituitaries of all vertebrates, and a fish
glycoprotein hormone bears sulfated oligosaccharides. Thus,
the carbohydrate structure, like the peptide, is highly con-
served. The sulfated structures are recognized by a hepatic
endothelial cell receptor which serves to limit the circulatory
half life of the hormone following release into the blood. The
presence of these sulfated carbohydrates and their rapid clear-
ance are essential for obtaining maximal hormone bioactivity in
vivo. To assure that lutropin oligosaccharides are fully modi-
fied, GalNAc- and GalNAc-4-sulfotransferase levels in vivo are
modulated in gonadotrophs in response to oestrogen in the
same manner as their substrate lutropin.
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Supported by Lederle-Praxis Biologicals
Chairs: Hans Vliegenthart, David Bundle

S1. 4.00pm
Glycosylation, Recognition and Infectious Disease

S. W. Homans
Department of Chemistry, University of St Andrews, St
Andrews, Fife KY16 95T, UK.

The infectivity, survival or pathogenicity of many parasites and
pathogens involve oligosaccharides of either the invading organ-
ism or the host. An understanding of the role of the oligo-
saccharide at the molecular level is a first step towards the
design of novel chemotherapeutic agents as candidate drug
molecules. In particular, knowledge of the conformation of the
relevant oligosaccharide both in the solution state and when
bound to the protein receptor is ideally required for rational
structure-based drug design. Recent work will be described
aimed at solving such structures in solution using recent
advances in high-resolution NMR spectroscopy.

S1. 4.30pm
Studies on the Glycan Structure of Glycoproteins

J. F. G. Vliegenthart, J. P. M. Lommerse, L. M. J. Kroon-
Batenburg! and J. P. Kamerling

Bijvoet Center, Departments of Bio-Organic Chemistry and
1Crystal and Structural Chemistry, Utrecht University, Utrecht,
The Netherlands.

In defining the structure of glycans of glycoproteins the
complete primary structure of the glycans, the location of the
glycosylation sites in the protein and the conformation of
glycans have to be determined. Our work on the primary
structures of glycans in a large array of glycoproteins has
revealed that in many cases the microheterogeneity is formid-
able. For the location of glycosylation sites, it has recently been
established that C-glycosylation of a specific tryptophan residue
can occur in human RNAse U;. With respect to the conforma-
tional studies on glycans of glycoproteins attention has focused
on the pineapple stem bromelain and on a glycopeptide derived
from this enzyme. A combination of simulations of molecular
dynamics (MD) with NOESY 'H-NMR spectroscopy was
applied to

Mana6(Xyl2)Manf4GlcNAcp4(Fuca3)GlcNAcS-R
with R = peptide or protein.

Theoretical NOESY cross-peak intensities were calculated on
the basis of models, generated by MD simulations. Several
calculation methods were compared, which account differently
for internal flexibility. These methods use generalized order
parameters and/or apply an individual rotation correlation time
for each monosaccharide residue. The Mana6tMan and Fuc-
a3GIcNAc linkages in the glycopeptide were found to be more
flexible than the others. For the intact glycoprotein, the
Fuca3GlcNAc and Mana6Man linkages were found to be
altered in comparison to the glycopeptide. The findings may
indicate an interation of the protein chain with the side of the
N-glycan, where aFuc and aMan residues are present.

S1. 5.00pm

'H and *C Chemical Shift Anisotropy Studies of
Polymeric Carbohydrates: An Approach to Detecting
Hydrogen Bonding Phenomena in Solution

J. Gervay and Gy. Batta
The University of Arizona, Department of Chemistry, Tucson,
AR 85721, USA.

Sensitive pulse sequences were developed in order to determine
geometry dependent 'H and 3C chemical shift anisotropy terms
(CSA,) of simple carbohydrates and carbohydrate polymers in
solution. The methods are capable of monitoring CSA/DD
cross-correlated relaxation for ca. 1 mm solutions at natural
abundance. Measured spectral densities were quantitatively
interpreted for sialic acid and its a-(2— 8) linked homo-
polymer, colominic acid. The « and f cyclodextrins were also
studied and their CSA values compared to a-methyl gluco-
pyranoside.

Although the geometric factors could not be separated from
anisotropy terms, this is the first report of CSA data on
carbohydrate polymers and the values differ substantially from
those of the corresponding monomers. The differences may be
attributed to conformational changes, changes in hydrogen
bonding interactions, and differences in OH rotamer popula-
tions. Application of these combined NMR methods provide a
new parameter which may be sensitive to structural changes not
detected with conventional NMR techniques.

S1. 5.20pm
Conformational Analysis of Oligosaccharides Employing
Unrestrained MD Simulations: What Criteria are
Appropriate for Comparing Experimental and
Theoretical Data?

R. J. Woods!, M. R. Wormald? and R. A. Dwek?

1Complex Carbohydrate Research Center, Department of
Biochemistry, University of Georgia, Athens, GA 30602,
Greece.

2Glycobiology Institute, Department of Biochemistry, University
of Oxford, Oxford OX13QU, UK.

NMR spectroscopy is an invaluable aid in deducing the
conformational and dynamic properties oligosaccharides. How-
ever, NMR data alone are frequently insufficient to uniquely
determine an oligosaccharides’ conformation. We describe a
complimentary computational approach. A 1ns simulation of
the fully solvated oligosaccharide ManyGlcNAc,OH, performed
with the GLYCAM-93 parameter set and the AMBER force
field is presented. The MD data are analysed in terms of
average glycosidic torsion angles, as predicted by the isolated
spin-pair approximation, and by nOe build-up curves computed
from a full relaxation matrix analysis, averaged over the course
of the simulation. Although nOe restraints were not employed
during the simulation, close agreement between the computed
and the experimentally-derived conformations was observed.
The extent to which differences in absolute nOe intensities are
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reflected in glycosidic torsion angles is examined. The roles
played by explicit solvent-solute and intra-solute interactions
are discussed.

§1. 5.40pm
Site-Specific and Complete Enzymatic Deglycosylation of
the Native a-Subunit of Human Chorionic Gonadotropin

C. W. E. M. van Zuylen, T. de Beer!, G. J. Rademaker?,
J. Haverkamp?, J. E. Thomas-Oates?, K. Hard?, B. R. Leef-
lang!?, J. P. Kamerling!, and J. F. G. Vliegenthart!

Bijvoet Center, Departments of 1 Bio-Organic Chemistry, 2 Mass
Spectrometry and 3NMR Spectroscopy, Utrecht University, The
Netherlands.

Human chorionic gonadotropin (hCG) is a heterodimeric glyco-
protein hormone. The a-subunit of hCG has two N-glycosyla-
tion sites, Asn78 and AsnS52. Glycosylation at Asn52 has been
shown to be involved in biological activity. NMR resonances of
the carbohydrate moieties have been assigned [1]. A compari-
son of the structure of the native a-subunit with that of its
site-specifically and completely deglycosylated forms can shed
further light on how glycosylation influences activity.

Complete enzymatic deglycosylation of «hCG was achieved
using endoglycosidase B. Full deglycosylation was shown using
SDS-PAGE and 2D 'H NMR spectroscopy. To our knowledge
this is the first report of full deglycosylation of ahCG using
non-denaturing conditions. In contrast, digestion of #hCG with
PNGase F using non-denaturing conditions resulted in partial
deglycosylation. 2D TOCSY spectra indicated that this deglyco-
sylation is site-specific. FAB-MS results show that the site that
has been specifically deglycosylated is Asn52. The selectivity of
PNGase F for glycans attached to Asn52 of native ahCG
suggests a higher level of steric hindrance at Asn78 than at
Asn52. This is supported by the occurrence of 'H-'H NOEs
between the GlcNAc-1 attached to Asn78 and several amino
acids. Furthermore, NMR data suggest higher mobility for the
glycan attached to Asn52 but reduced mobility for GIcNAc-1 of
the oligosaccharide attached to Asn78.

1. de Beer T, van Zuylen CWEM, Hird K, Boelens R,
Kaptein R, Kamerling JP, Vliegenthart JFG (1994) FEBS Lett
348: 1-6.

$1. 6.00pm

Sialic Acid Defines the Conformational Epitope of the
Capsular Polysaccharide of Type III Group B
Streptococcus

S. Uhrinova?, R. J. Woods!, J.-R. Brisson?, L. C. Paoletti?,
D. L. Kasper?, H. J. Jennings!

1 Institute for Biological Sciences, National Research Council,
Ottawa, Canada K1A ORé.

2Channing Laboratory, Harvard Medical School, Boston, MA
02115, USA.

The capsular polysaccharide (CPS) of the type III group B
Streptococcus (GBS) can be described as a conformational
epitope because binding of its oligosaccharides (OS) to protec-
tive antibodies increases with the number of pentameric repeat-
ing units in the OS. Its sialic acid component is essential for the
formation of the conformational epitope, but it is not directly
involved in the binding to antibodies.

Interaction of sialic acid with the backbone of the PS was
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found to be important in defining the conformational epitope of
the GBS III CPS. Conformational analysis using nuclear
magnetic resonance was performed on a series of oligosac-
charides of one to five repeating units of GBS III, desialylated
OS and PS, oxidized PS and reduced PS. Conformational
changes were gauged by chemical shift analysis, NOE studies,
J(H,H) and J(C,H) coupling constants variations. Changes in
mobility were examined by 3C T; and T, measurements.
Unrestrained molecular dynamics simulations with explicit
water using the AMBER force field and the GLYCAM
parameter set were used to assess conformational models.

S1 POSTERS

S1
Molecular Dynamics Simulations of Mucin-Type Multiply
O-Linked Glycopeptides

T. Gerken
Departments of Pediatrics and Biochemistry, Case Western
Reserve University, Cleveland, OH 44106-4948, USA.

Mucins are highly extended glycoproteins whose properties are
dominated by the presence of multiple O-linked oligosaccharide
side chains. Earlier studies from our lab have shown the mucin
carbohydrate are responsible for expanding the mucin chain
dimensions by up to a factor of three compared to the
nonglycosylated peptide core. To further understand the origins
of the mucin’s expanded conformation we have begun perform-
ing molecular dynamics calculations on a series of model mucin
glycopeptides and their nonglycosylated derivatives. The glyco-

eptides being studied, AAAT’I}"ﬁTAAA and AAA -

AAA (where A = Ala, T = a-GalNAC-O-Thr, and p = Pro),
were chosen to model portions of the tandem repeat of the
human Muc2 mucin and to determine the relative differences in
peptide stiffness between the two motifs. Calculations were
performed using the AMBER force field (as implemented by
Biosym Tech. Inc.) using 14-15 A nonbonded cutoffs. The
glycopeptide was placed in a box of periodic boundary TIP3P
water and calculations were performed for 200 to 400 ps.
Differences in both end-to-end distances and the relative
amplitude of motion are found for the various systems, with
AAA AAA being the most rigid and its nonglycosylated
derivative the least.

Supported by NIH grant RO1 DK39918.

S1

Solution Dynamics of the a-p-Idopyranose Pentaacetate
Ring

David A. Horita!, Philip J. Hajduk? and Laura E. Lerner?
Department of Chemistry, University of Wisconsin, 1101
University Avenue, Madison, WI 53706, USA.

1Current address: Macromol. NMR Lab., NCI-FCRDC, Bldg.
538, PO Box B, Frederick, MD 21702, USA.

2Current address: Dept. 47G, Bldg AP10/LL, Abbott
Laboratories, One Abbott Park Rd, Abbott Park, IL 60064,
USA.

3Current address: Genentech, Inc., 460 Point San Bruno Blvd,
South San Francisco, CA 94080, USA.

The dynamic behaviour of the pyranose ring of a-p-idopyran-
ose pentaacetate in acetone has been characterized by line
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shape analysis, T; and NOE measurements, and spectral density
mapping. No evidence was observed for ring motion on
timescales significantly shorter than 1 ns or longer than 1 ms.
The forward and reverse activation energies for the two-state
model interconversion between the 4C; and S, ring conforma-
tions has been determined to be 32 and 27 kJ mol~! (at 273 K),
respectively, from lineshape analysis. The corresponding ex-
change rate constants are 4.3 x 10¢ and 3.9 x 107 s—L. These
measurements represent the first experimentally determined
kinetic data for idopyranose compounds.

S1

Favoured Conformations and Flexibility of
Oligosaccharides: Application of Systematic Search and
Genetic Algorithms in Parallelized HSEA-calculations

T. Lew, P.-G. Nyholm, and J. Carver
Department of Molecular and Medical Genetics, University of
Toronto, Toronto, Ontario M55 1A8, Canada.

Systematic conformational search was applied to study favoured
conformations and flexibility of oligomannosides and blood
group active oligosaccharides. The calculations were performed
with a program which is a PVM (parallel virtual machine)-
implementation of the classical HSEA-calculation [1]. The
program uses energy filtering at the disaccharide level to
exclude regions in conformational space with very high ener-
gies.

For Man3 and derivatives thereof a systematic search was
performed in order to locate favoured conformations and to
analyse the flexibility of the bonds of the glycosidic linkages.
Different parameters proposed for the exo-anomeric effect
[2,3] were evaluated. For ABO- and Lewis active oligo-
saccharides similar calculations were applied to analyse the
conformational restrictions imposed by fucose branches.

Despite the very significant speedup achieved using filtering
and parallelization, systematic search is still prohibitively time
consuming for larger oligosaccharides (>6 residues). For con-
formational search on large oligosaccharides a genetic algorithm
[4] (GA) has been implemented with multi-level parallelism.
This GA-method has been used to locate favoured conforma-
tions of Man3 and Man5. Comparisons between the GA-
method and the systematic search in terms of speed and success
in detecting low energy conformations will be reported.

1. Lew T, Nyholm PG, Carver J (1995) ACS Proc. Anaheim,
April 1995.

2. Tvaroska I, Carver J (1994) J Phys Chem 98: 9477-9485.

3. Wiberg KB, Marquez MJ (1989) J Am Chem Soc 111:
4821-4828.

4. Judson RS et al. (1993) J Comp Chem 14: 1385-1395,
1407-1414.

S1
Peptide-Carbohydrate Interactions in a Glycopeptide
from Human Serotransferrin

Jianyun Lu and Herman van Halbeek
Complex Carbohydrate Research Center and Department of
Chemistry, University of Georgia, Athens, GA 30602, USA.

Intramolecular peptide-carbohydrate interactions are poten-
tially important factors in determining glycoprotein structure
and function. In this context, we are studying a glycopeptide
consisting of a 21 amino acid polypeptide (G9%3-R%3) with a
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sialylated diantennary oligosaccharide attached to N6, ob-
tained by tryptic digestion of human serotransferrin [1]. Having
assigned the complete !H-NMR spectrum of the glycopeptide in
H,0, we primarily use two-dimensional 'H-'H nuclear Over-
hauser effect spectroscopy (NOESY) as the experimental tool
to probe the conformation of the glycopeptide in aqueous
solution. We have observed and identified over 280 contacts in
the NOESY spectra of the glycopeptide; including a number of
remote contacts between sugar and amino acid protons. We
have constructed a model structure for the glycopeptide based
on distance geometry calculations, restrained by the experi-
mental NOE contacts. Molecular dynamics simulations for the
glycopeptide are in progress. We will evaluate our results in the
light of peptide-carbohydrate interactions observed by others in
X-ray structures of glycoproteins.

Supported by the NIH Resource Center Grant for Bio-
medical Complex Carbohydrates (P41-RR05351).
1. Fu D, van Halbeek H (1992) Anal Biochem 206: 53-63.

S1
Carbon-13 NMR Studies of a Human Goblet Cell Line
Mucin

M. Pasumarthy, R. Gupta and T. Gerken
Departments of Pediatrics and Biochemistry, Case Western
Reserve University, Cleveland, OH 44106-4948, USA.

13C-NMR spectroscopy is being used to study the structure and
dynamics of native and sequentially deglycosylated mucin
produced by the HT29-CL16E human goblet cell line. 3C-
NMR spectra of the mucin reveal considerably less carbo-
hydrate side chain structural heterogeneity compared to most
human mucins, with the [a-NeuNAc(2-3)8-Gal(1-3)]- [a-
NeuNAc(2-3)B-Gal(1-4) 8-GleNAc(1-6)]-a-GalNAc-O-Ser/Thr
hexasaccharide being essentially the only side chain. Relaxation
time measurements on native mucin suggest the terminal
NeuNAc and Gal residues have similar mobilities which are
somewhat elevated compared to the 2-6 linked NeuNAc resi-
dues in the shorter side chains of porcine or ovine submaxillary
mucin. To monitor the peptide core and peptide linked GalNAc
dynamics, whose resonances are difficult to observe in native
mucin, we have determined conditions for the optimal incor-
poration of 13C-labelled proline, glycine and glucosamine into
the high molecular weight glycoconjugates and mucins pro-
duced by these cells. The 3C NMR spectrum of labelled mucin
is consistent with the expected metabolic pathways for the
added substrates, thus providing several additional labelled
positions for relaxation time studies.
Supported by NIH grants PO DK27651 and RO1 DK39918.

S1
Determination Of The Stereochemistry Of Alkyl Chains
In Cyclic Acetal Of Carbohydrate By NMR

K. K. Sadozait, S. B. Levery?, J. K. Anand? and S. Hakomori?
1 Alpha-Beta Technology, One Innovation Drive, Worcester,
MA, USA.

2 Perkin-Elmer-Applied Biosystems, 850 Lincoln Center Drive,
Foster City, CA 94404, USA.

3The Biomembrane Institute, 201-Elliott Ave W, Seattle, WA
98119, USA.

Glycosphingolipids are present in most mammalian tissues and
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play important roles in cellular recognition and transmembrane
signalling. Sphingosine, N,N-dimethylsphingosine, N,N,N-tri-
methylsphingosine, and lysosphingolipids such as lyso-GM3 and
psychosine have been identified as potent inhibitors of protein
kinase C. Two novel lysosphingolipids, Plasmalopsychosine A
and Plasmalopsychosine B, have been isolated from the white
matter of human brain. A cyclic acetal of galactose with a Cy¢
aliphatic aldehyde is a part of both of these structures and is
believed to be responsible for the unique biological properties
shown by these novel lysosphingolipids. We have reported the
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total synthesis of one isomer of Plasmalopsychopsine A, which
is a 3,4-cyclic acetal, and one isomer of Plasmalopsychosine B,
which is a 4,6-cyclic acetal, and have shown their identity with
the compounds isolated from the natural source. In order to
compare the general structural features of stereoisomeric Cig
cyclic acetals of galactose, we synthesized Cy¢ cyclic acetals of
methyl B-b-galactopyranoside. Following peracetylation, it was
possible to separate all four stereoisomeric cyclic acetal struc-
tures. The structural differences of these four isomers were
determined by the use of NMR spectroscopy.

S2. GLYCOSYLATION AFFECTING PROTEIN STRUCTURE AND FUNCTION

Chairs: Minoru Fukuda, R. Colin Hughes

S2. 4.00pm

A Newly Cloned Polysialyltransferase Forms the
Embryonic Form of N-CAM that Facilitates Neurite
Outgrowth

Jun Nakayama, Michiko N. Fukuda, Barbara Fredette, Barbara
Ranscht, and Minoru Fukuda
La Jolla Cancer Research Foundation, La Jolla, CA, USA.

Polysialic acid is a developmentally regulated post-translation
modification taking place in both glycoproteins and glycolipids.
Recently we have cloned polysialyltransferases that form poly-
sialic acid in glycoproteins (PST) and in glycolipids (GT3ST),
respectively. The newly cloned polysialyltransferases belong to
the sialyltransferase gene family and have homology with each
other. However, PST catalyses polysialylation only in glycopro-
teins and contains distinct basic amino acid clusters. The
expression of polysialic acid detected by antibody 735 correlates
well with the expression of PST mRNA in various fetal and
adult human tissues.

In order to determine the roles of polysialic acid in neural
development, we tested the way in which PST expression in
subsaturn cells influences neurite outgrowth. We thus expressed
N-CAM alone or N-CAM and polysialic acid on substrate HeLa
cells. Neurons from both dorsal root ganglion and.ventral
portion of spinal cord, derived from chicken embryos, exhibited
longer neurites and more branching on HeLa cells expressing
polysialic acid and N-CAM than on HeLa cells expressing
N-CAM alone. These results indicate that the cloned PST forms
polysialylated, embryonic N-CAM, which is critical for the
plasticity of neural cells. Similar studies are in progress to
address the roles of polysialylated glycolipids. The cloned PST
and possibly GT3ST are thus powerful tools to dissect the
intricate and complex processes of cell-cell interaction during
development.

Supported by CA33895, DK37016 and HD25938.

S2. 4.25pm

The Role of Glycosylation in Regulating Gonadotropin
Free Alpha and Free Beta Subunit Combination in Early
Pregnancy

D. L. Blithe
Unit of Glycobiology, Developmental Endocrinology Branch,
NICHD, NIH, Bethesda, MD 20892, USA.

The family of glycoprotein hormones consists of a common «
subunit combined with one of four different § subunits resuiting
in dimer hormones with different biological specificities. The
presence or absense of a glycan at each of the 3-4 N-linked
glycosylation sites of the various hormones has been shown to
have dramatic impact on secretion and/or receptor binding and
signal transduction. The recent discovery that an « subunit
alone (free o subunnit) stimulates prolactin secretion from
decidual cells establishes free o as a hormone with activity that
is independent of dimer hormones. During early pregnancy,
free o and free hCG-f subunits coexist in the same placental
compartment in concentrations sufficiently high that combina-
tion would be expected to occur. We evaluated these free
subunits for their ability to combine with their complementary
subunit obtained from dissociated hCG. The placental free
was able to combine with hCG-a to form intact hCG. In
contrast, the placental free o did not combine with hCG-f§ to
form hCG. However, after removal of the N-linked glycans
from free « by treatment with PNGase F, most of the free o
subunits were able to combine with hCG-S. These data indicate
that N-linked glycan(s) on placental free « prevent the
molecule from combining with available and combinable free f
subunits that coexist in the same gestational compartment, thus
ensuring availability of both free subunits. This impact of
glycans on the status of the free subunits further extends the
sphere of influence that glycosylation has on the function and
physiology of the glycoprotein hormone family.

$2. 4.50pm

‘Brain-Type’ Glycosylation of Intrathecally Synthesized
Secretory Proteins in Human Cerebrospinal Fluid:
Comparison to Their Recombinant Counterparts and the
Natural Human Serum Glycoforms

Andrea Hoffmann, Eckart Grabenhorst, Manfred Nimtz and
Harald S. Conradt

Department of Gene Regulation and Differentiation, GBF,
Mascheroder Wegl, D-38124 Braunschweig, Germany.

Some 80% of the total proteins contained in human cerebro-
spinal fluid (CSF) are derived from serum via transfer across
the blood brain barrier (BBB) by unknown mechanisms. The
remainder is synthesized locally. We have isolated the human
‘B-trace’ protein (B-TP) from pooled human CSFs and have
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characterized the N linked oligosaccharides of this polypeptide
which constitutively secreted by plexus chorioidae tissue [1].
Using methylation analysis, HPAE-PAD mapping and LSI-MS,
N-linked complex-type glycan structures of S-TP were shown to
contain proximal «1-6 fucose, Lewis* and sialyl Lewis* motifs,
bisecting GlcNAc and were undersialylated (a2-3 and a2-6-
linked NeuAc). Fifty per cent of truncated (asialo-agalacto)
chains were found. An unsialylated form of transferrin (asialo-
Trf [1] was isolated from human CSF, which exhibited the same
carbohydrate structural features as detected in S-TP described
above. Such structures have never before been detected in
human transferrins; asialo-Trf from CSF is obviously of local
origin. A fully sialylated serum-type transferrin form, however,
isolated from the same source, lacked these structural charac-
teristics of ‘brain-type’ N-glycosylated polypeptides and is
presumably derived from serum via transport across the BBB.
Significant glycosidase activity was not detected in human CSF.
Molecular cloning of the human S-TP ¢cDNA following express-
ion and purification of recombinant S-TP from BHK-21 cells
revealed biantennary N-glycan structures with almost fully a2-3
sialylated intact lactosamine antennae. These results support
the tissue-specific ‘brain-type glycosylation’ of locally synthes-
ized glycoproteins secreted in human CSF. The purified recom-
binant proteins expressed from BHK-21 and from insect cell
lines are presently being used for in vivo studies in rat.

1. Hoffmann et al. (1993, 1994) J. Neurochem 61: 451-56 and
63: 2185-96).

2. (Hoffmann et al. (1995) FEBS Lett 359: 164—68).

$2. 5.10pm
Glycosylation and Antibody Function

A. Wright and S. L. Morrison

Department of Microbiology and Molecular Genetics and the
Molecular Biology Institute, University of California, Los
Angeles, Los Angeles, CA 90095, USA.

IgG molecules are glycosylated in Cyy2 at Asn 297; the N-linked
carbohydrates attached there have been shown to contribute to
antibody stability and various effector functions. The carbo-
hydrate characteristics of the IgG constant (Fc) region is a
complex biantennary structure. Alterations in this oligo-
saccharide, specificaily reduced levels of galactosylation, have
been associated with human diseases such as rheumatoid
arthritis. To study the effects of altered glycosylation on
antibody effector functions, we have used gene transfection
techniques to produce mouse-human chimeric IgG1 antibodies
in Chinese hamster ovary (CHO) cells with different mutations
in the biosynthetic pathway for N-linked glycosylation. These
include cell lines deficient in terminal processing steps such as
galactosylation and sialylation, as well as a cell line incapable of
processing the high-mannose intermediate (Lecl). Antibodies
were also produced in wild-type Chinese hamster ovary cells to
confirm that the proteins would be expressed and secreted as
functional antibodies. All the CHO cell lines secreted anti-
bodies that retained antigen specificity. The Lecl-produced
antibodies have been shown to be deficient in complement
activation, have reduced but significant affinity for FcyRI
receptors, and a shorter in vivo half life than antibodies
produced in either myeloma or wild type CHO cells. IgGl
antibodies have been produced in additional CHO cell lines
with specific glycosylation defects to evaluate the contribution
of carbohydrate structure to effector functions.
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$2. 5.30pm
N-Glycans Modulate Thyroid Hormonogenesis at the
N-Terminal Domain of Thyroglobulin

B. Maliet, P. J. Lejeune, P. Niccoli, N. Baudry, J. L. Franc and
P. Carayon

Unité 38 INSERM, Faculté de Médecine, 27 Bd Jean Moulin,
13385 Marseille Cedex 5, France.

Thyroglobulin (Tg), the major glycoprotein (2 x 330 kDa,
about 10% carbohydrates) of the thyroid gland, is the substrate
of thyroid hormones (T4 and T3) biosynthesis which occurs at
the apical membrane and involves iodination of Tyr residues
into iodotyrosines and coupling of few of them into hormones:
It is known that Tg N-glycans play a role in recycling poorly
iodinated Tg through a GlcNAc receptor. Therefore, poorly
iodinated Tg is not degraded after endocytosis but, rather,
recycled via the Golgi apparatus to the colloid in order to
complete its iodination and, ultimately, proceed to hormone
formation. In the present study, we show that the presence and
the structure of N-glycans are also directly involved in hormone
synthesis.

The N-terminal domain of human Tg (NTD, Asnl-Metl171,
N-glycosylated at Asn57 and Asn91) contains the preferential
T4-forming site at Tyr5 and is also able to form T4 in vitro.
NTDs were purified after CNBr treatment from Tg prepara-
tions with Jow and mild iodine content in vivo. Using affinity
chromatography on ConA- and RCA120-Sepharose columns,
the NTDs were separated in five isoforms according to the type
and the degree of N-glycosylation and were tested for T4
content. Our results showed that: 1) in vive as well as in vitro,
unglycosylated isoforms did not form hormone, while fully or
partially (at Asn91) glycosylated ones did; 2) the presence of
high mannose type structures enhanced the hormone content;
3) desialylation did not affect in vitro hormone synthesis.

In conclusion: 1) thyrotropin, which modulates the number
and the nature of the oligosaccharide side chains born by Tg
could also modulate the formation of T4 residues through the
N-glycosylation process; 2) a defect in hormonosynthesis may
derive from abnormal glycosylation of the NTD; 3) domain,
rather than whole molecule, should be considered when ascrib-
ing a role to N-glycans.

$2. 5.45pm

Inhibition of Human HT-29 Colon Carcinoma Cell
Adhesion and Homotypic Aggregation by a
4-Fluoro-Glucosamine Analog

R. Bernacki, B. Woynarowska, C. Dimitroff, M. Sharma and
K. Matta
Roswell Park Cancer Institute, Buffalo, NY 14263, USA.

2-Acetamido-1,3, 6-tri-O-acetyl-4-deoxy-4-fluoro-a-p-glucopyr-
anose (4-F-GlcNAc) was found to inhibit the biosynthesis of
human HT-29 colon carcinoma cell glycoconjugates as
measured by the incorporation of labelled sugar precursors:
[*H]GIcNH;, [*HJFuc and [*H]Gal. This inhibition led to
decreased glycosylation of cell surface glycoproteins including
lysosomal associated membrane proteins (LAMPS) 1 and 2, and
carcinoembryonic antigen (CEA). These heavily glycosylated
glycoproteins participate in adhesion and homotypic aggrega-
tion of HT-29 cells by providing ligands for specific lectins.
Treatment of HT-29 cells with 4-F-GlcNAc resulted in de-
creased expression of sialyl-Le* and sialyl-Le?, the cell surface
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ligands for E-selectin. The aberrant glycosylation of cell surface
glycoproteins resulted in: 1) decreased E-selectin mediated
adhesion of human colonic HT-29 cells to endothelial cells; 2)
impaired adhesion of HT-29 cells to pB-galactoside binding
lectin, galaptin; and 3) reduced ability to form homotypic
aggregates. These results strongly suggest that modification of
cell surface lectin receptors can alter tumour cell adhesion and
recognition, and that these surface receptors may act as suitable
targets for therapeutic exploitation.
Supported by CA-13038.

S2. 6.00pm
Site-directed Mutagenesis of Rat Leukemia Inhibitory
Factor

Jun-ichi Aikawa!, Ei-ichiro Sato?, Kunio Shiota?, Tomoya
Ogawal2

1The Institute of Physical and Chemical Research (RIKEN),
Japan.

2Graduate School for Agriculture and Life Science, The
University of Tokyo, Japan.

Leukaemia inhibitory factor (LIF) is a pleiotropic growth factor
active in diverse cell systems in both the adult and the embryo.
LIF which is expressed in various tissues and cells, has a
molecular weight of 40-70 kDa. The molecular weight of the
peptide portion is deduced to be 22 kDa from the nucleotide
sequence of cDNA. This suggests that LIF is heavily glyco-
sylated, although its glycosylation site and biological signifi-
cance are still unknown. Therefore, we tried to produce the
recombinant proteins for analysis of the N-glycosylation of LIF
by site-directed mutagenesis. The cDNA of LIF was prepared
by PCR from the cDNA library of rat placenta. There were
seven pos

sible N-glycosylation sites at position (9, 34, 63, 73, 96, 116 and
150). Among them, the position of six aspargine residues at 9th,
34th, 63rd, 73rd, 96th, and 116th were conserved among
animals. Point-mutated LIFs, which change one of these
possible N-glycosyl residues, were produced in a SRa-COS 7
cell system by substitution of each aspargine residue for
glutamine residue. Non-glycosylated LIF was generated by the
E. coli-GST fusion system. The molecular weight of each
mutant LIF was bigger than non-glycosylated one, indicating
that native LIF possesses several N-linked sugar chains, which
should be biologically important.

S2 POSTERS

S2
Probing the Active Site of Oligosaccharyl Transferase
from Pig Liver with Synthetic Peptides as Tools

E. Bause, W. Breuer and S. Peters
Institut fiir Physiologische Chemie, Universitit Bonn, Germany.

Oligosaccharyl transferase (OST) catalyses the transfer of
oligosaccharides from Dol-PP on to specific asparagine res-
idues, provided that these are part of the sequence motif
Asn-Xaa-Thr/Ser/Cys. We have purified the enzyme from pig
liver [1] and studied its binding and catalytic properties using
peptide analogues derived from N-benzoyl-Asn-Gly-Thr-

NHCHj by replacing either Asn or Thr by amino acids differing

in size, polarity, stereochemistry and ionic properties. Binding
and acceptor studies showed that substitution of Asn or Thr by
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amino acids with bulky side chains (cysteinsulfonamide, Asp-g-
methylester, Asp-fS-hydroxamic acid for Asn; threo-B-hydroxy-
asparagine, phenylserine for Thr) impaired recognition by OST.
Also a threo-configuration at the f-C-atom of Thr was found to
be essential for binding, pointing to a high degree of specificity
of OST for the natural substrate. Reduction of the Asn-B-amide
to an alkyl amine yielded a derivative which, though not
glycosylated, was strongly inhibitory (K; = 140 um), due to ion
pair formation with an anionic base at the active site. Substitu-
tion of the Thr-f-hydroxy by a f-amino group yielded a
derivative with acceptor properties, indicating that the amino
group can mimic the function of the hydroxy group during
transglycosylation. The data are discussed in terms of the
catalytic mechanism of OST and the role of the Thr side chain
in the catalytic process.

1. Bause et al. (1995) Eur J Biochem: in press.

S2

Synthesis of Oligosaccharide Protein Conjugate With
Intersecting N-Acetyl-glucosamine as Blood Group
Determinants

Rina Saksena, Desh Deepak and Anakashi Khare
Department of Chemistry, Lucknow University, Lucknow
226 007, India.

2-Phthalimido, 2-deoxy-f-glucopyranosyl moiety is one of the
building blocks of several glycoproteins and lipopolysac-
charides. Oligosaccharides containing a N-acetylglucosamine
unit are important components of the human blood group
system. They have been found to be antigenic determinants.
Such oligosaccharide structures which lead to human ABH and
Lewis antigenic determinants can occur as linear or branched
chains and these di and tri-saccharide units, chemically synthe-
sized as glycosides contain sequences unique to asparagine-
linked carbohydrate chains of pituitary glycoprotein hormones.
The glycoproteins contain an invariant oligosaccharide core
structure and variation is provided by substitution with mono or
oligosaccharide groups at different positions of this core struc-
ture which carries the antigenic specificity. In this context, we
have synthesized oligosaccharides using different regio- and
stereoselective reactions. Derivatives of Allyl glycosides of
N-acetylglucosamine as glycosyl acceptors and different active
glycosyl donors of p-galactose and r-fucose have been pre-
pared. The mono- and disaccharide thus prepared will be
conjugated to a high molecular weight matrix through the Allyl
linker arm and thereby provide antigens for specific antibody
production.

S2

Development of a Colon Tumor Metastasis Model in Nude
Mice to Assess the Antimetastatic Activity of Sugar
Analogues using Magnetic Resonance Imaging

Charles J. Dimitroff, Barbara Woynarowska, Richard
Mazurchuk!, Moheswar Sharma, Khushi Matta? and Ralph
J. Bernacki

Departments of Experimental Therapeutics, ' Biophysics and
2Gynecologic Oncology, Roswell Park Cancer Institute, Buffalo,
NY, USA.

Adherence of human colon carcinoma cells is partially mediated
by interactions between cell surface glycoconjugates and lectins,
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while aggregation of these cells involves homophilic adhesions
between glycosylated cell surface molecules. To alter these
functions, 2-acetamido-1,3,6-tri-O-acetyl-4-deoxy-4-fluoro-a-D-
glucopyranose (4-F-GlcNAc) was synthesized, and its effect on
the function of cell surface glycoconjugates in human colon
carcinoma HT-29 cells was evaluated. 4-F-GlcNAc was found to
affect the biosynthesis of HT-29 cellular glycoconjugates, lead-
ing to decreased glycosylation of cell surface lysosomal associ-
ated membrane protein (Lamp) 1 and 2, carcinoembryonic
antigen (CEA), and sialyl-Le* and sialyl-Le?. The aberrant
glycosylation of HT-29 cell surface moieties resulted in: (1)
impaired adhesion of cells to pS-galactoside binding lectin,
galectin-1; (2) decreased E-selectin mediated adhesion of
HT-29 cells to endothelial cells; and (3) reduced ability of
HT-29 cells to form homotypic aggregates. These results
strongly suggest that modification of cell surface lectin receptors
can alter tumor cell adhesion and recognition, and that these
surface receptors may act as suitable targets for therapeutic
exploitation. To assess the therapeutic efficacy of 4-F-GlcNAc,
magnetic resonance (MR) imaging will be used to monitor,
serially, inhibition of the formation of hepatic metastases in
nude athymic mice following intrasplenic human colon tumor
xenograft implantation.

S2
The Immunoreactivity and Function of the Carbohydrate
Moieties of Cobra Venom Factor

D. C. Gowda, P. G. Satyaswaroop! and E. A. Davidson
Georgetown University Medical Center, Washington, DC 20007,
USA.

1 Pennsylvania State University Medical Center, Hershey, PA
17033, USA.

Cobra venom factor (CVF) is a nontoxic glycoprotein in cobra
venom. CVF can cause exhaustive complement activation
resulting in a massive build up of membrane attaching com-
plexes. Based on this unique property, CVF has been studied
for selective cell killing. Previous studies have shown that CVF
immobilized to PVDF membranes reacts strongly with naturally
occurring human anti-a-Gal antibodies. This immunoreactivity
can be abolished by deglycosylation or treatment with a-
galactosidase. However, it was not evident whether non-
denatured, soluble CVF also binds anti-a-Gal antibodies. In the
present study, soluble CVF inhibited effectively the binding of
anti-w-Gal antibodies to CVF-coated microtitre plates. De-a-
galactosylated and deglycosylated CVF showed very little
inhibition. The data indicated that the anti-a-Gal antibodies
can bind to CVF even in its native conformation. Modification
of the terminal a-galactosyl residues of CVF by treatment with
galactose oxidase and blocking of the generated aldehyde
groups with various alkanoic hydrazides abolished the anti-a-
Gal antibody binding but not the activity of CVF. The effect of
carbohydrate moieties on the rate of clearance of CVF from
circulation in mice was also investigated. CVF, de-a-galactosyl-
ated CVF and deglycosylated CVF were radioiodinated and
their plasma clearance studied. The rate of clearance was not
altered on removal of a-galactosyl residues or upon deglyco-
sylation suggesting that the density of terminal galactosyl
residues in CVF is not sufficient to permit its binding to hepatic
asialoglycoprotein receptors.
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S2
Functional Improvements in f-Lactoglobulin by
Conjugating with Carboxymethyl Dextran

M. Hattori, K. Nagasawa and K. Takahashi

Department of Applied Biological Science, Faculty of
Agriculture, Tokyo University of Agriculture and Technology,
Tokyo 183, Japan.

Bovine f-lactoglobulin (5-LG) was conjugated with carboxy-
methyl dextran (CMD) to improve the protein function by using
water-soluble carbodiimide. Two S-LG-CMD conjugates (Conj.
10A and Conj. 10B) could be prepared. The molar ratio of
B-LG to CMD in the conjugates was 7:2 (Conj. 10A) and 1:1
(Conj. 10B). The isoelectric point of each conjugate was
4.7-4.8, which is lower than that of B-LG. Spectroscopic
studies suggested that the conformation around Trp had not
changed in each conjugate but a-helix content of Conj. 10A had
markedly decreased compared with that of S-LG. Structural
analyses with monoclonal antibodies indicated the conforma-
tional change of 125Thr-135Lys (a-helix) in Conj. 10A and of
15Val-291le (f-sheet) in Conj. 10B. The denaturation tempera-
ture of each conjugate was about 89 °C, which is much higher
than that of native 5-LG. Each conjugate maintained retinol-
binding activity as strongly as that of 8-LG. By conjugating with
CMD, the emulsifying ability of 5-LG was greatly enhanced in
the neutral and acidic pH range and in the presence of NaCl
below 0.2 M. After heating at constant temperature (40-80 °C)
for 10 min, the emulsifying ability of the 8-LG-CMD conjugates
was higher than that of $-LG under all heating conditions.
Anti-B-LG antibody response was lowered by conjugation with
CMD. This mechanism is discussed. We think that the conjuga-
tion with acidic polysaccharide is effective for the functional
improvement of 3-LG.

S2
Characterization and Cloning of Glucosidase I from
Human Brain

B. Kalz-Fiiller, E. Bieberich and E. Bause
Institut fiir Physiologische Chemie, Universitit Bonn, Germany.

Glucosidase I, the first enzyme in the N-linked oligosaccharide
pathway, cleaves with high specificity the distal al,2-linked
glucose residue in the Glcy-Mang-GlcNAc, precursor oligo-
saccharide. The enzyme has been purified from pig liver crude
microsomes by affinity chromatography and poly(ethylene gly-
col) precipitation [1]. The purified glucosidase I has a molecular
mass of 95 kDa. Susceptibility to endo H indicates that the
enzyme is N-glycosylated, carrying a single oligosaccharide
chain of the high mannose type. The enzyme has a pH optimum
close to 6.4 and is strongly inhibited by 1-deoxynojirimycin
dNM (KX; = 3 um) and its N-methylated derivatives (N-methyl-
dNM, K; = 0.3 um; N,N-dimethyl-dNM, K; = 0.4 um). On the
basis of tryptic peptides obtained from the pig liver enzyme,
degenerate oligonucleotides in both sense and antisense orien-
tation were derived and a cDNA probe was synthesized by PCR
using a porcine firststrand cDNA as the template. An 800 bp
¢DNA fragment was amplified encoding the amino acid se-
quence of several tryptic peptides in one ORF. Screening of a
human hippocampus ¢cDNA library with this probe resulted in
the isolation of several glucosidase I-specific clones. The
sequence of these clones covers 1632 bp, including the sequence
of the screening probe and encoding the amino acid sequence of
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twelve tryptic peptides. The 1632 pb fragment represents about
57% of the glucosidase I protein.
1. Bause et al. (1989) Eur J Biochem 183: 661-69.

S2

Characterization of Placental f1,4-Galactosyltransferase
with Two-Dimensional Electrophoresis and Carbohydrate
Analysis

A. Lampio
Department of Biochemistry, FIN-00014 University of Helsinki,
Finland.

UDP-Gal:GlcNAc f1,4-galactosyltransferase (GalT) was puri-
fied from a Triton X-100 extract of human full-term placenta by
affinity chromatography on UDP-hexanolamine and a-lact-
albumin agaroses. On 2D-PAGE, the 10000-fold purified
enzyme gave multiple bands with a pl range of 5.1-6.7 and M,
of 43000-49000. The slightly upward-sweeping arch of spots
indicated that the charge heterogeneity was due to sialic acid
residues, and 2D-analysis of the neuraminidase-treated protein
supported this view. In addition to lower molecular weight
species, polypeptides with M, of 53000-54000 were found in
the neutral pH area. These bands obviously represented the
full-length, membrane-bound form of the placental GalT; so
far, human GalT has been isolated only in soluble form from
various body fluids. Both carbohydrate analysis and lectin
binding studies suggested the presence of short O-glycans and
N-glycans of the complex type; no high-mannose or hybrid
glycans were detected. Most if not all sialic acid residues were
a2-3 linked. Thus, the placental GalT clearly differs from
the soluble milk enzyme (M, = 55000), which has extremely
heterogeneous and complex O-glycosidic chains [1].

1. Amano et al. (1991) J Biol Chem 266: 11461-77.

s2
Human Transferrin Receptor Oligosaccharides

C. Enns, A. Williams, G. Hayes! and J. Lucas!
Oregon Health Sciences University, Portland, OR, USA.
1SUNY Health Science Center, Syracuse, NY, USA.

The human transferrin receptor (TfR) has three N-linked and
one O-linked oligosaccharides. Using a combination of site-
directed mutagenesis, carbohydrate and protein chemistry and
mass spectroscopy we have characterized the structure of the
N-linked oligosaccharides and mapped their locations. Follow-
ing digestion of purified TfR with trypsin (3 X 1 h at 1:100 w/w)
individual peptides are obtained via RP-HPLC. Peptides are
assayed for monosaccharides by strong acid hydrolysis and
HPAE-PAD. Peptides containing carbohydrate are subjected to
gas-phase sequencing to identify the specific Asn residue and
the oligosaccharides analysed by MALDI-TOF, HPAE-PAD,
glycosidase digestions and Biogel chromatography. The oligo-
saccharide found at Asn-727 is critical for the proper folding,
trafficking and function of the TfR; it contains a series of high
mannose structures, some of which are phosphorylated. The
glycopeptide containing the site at Asn-317 has been refractory
to analysis and has only recently been obtained by a short
(30 min) tryptic digestion, followed by V-8 protease digestion of
a glycopeptide beginning at Val-268. The monosaccharide
composition consists of Man, Gal and GIcNAc in a ratio
suggesting a mixture of high mannose and complex or hybrid
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structures. This is consistent with endo H digestions of TfR
from mouse 37T3 cells transfected with cDNA.

The oligosaccharides at Asn-251 are of the complex type and
judging by HPAE analysis are triantennary and trisialylated.
The O-linked oligosaccharide at Thr-104 appears to influence
the proteolytic sensitivity of Arg-100, which generates the
soluble, serum form of the receptor.

Supported by NIH grant GM43111.

S2
SV40 Large T Antigen Subpopulations are Differentially
Glycosylated

L. Medina and R. S. Haltiwanger
Department of Biochemistry, SUNY-Stony Brook, Stony Brook,
NY 11794, USA.

SV40 large T antigen plays as essential role in the infection
cycle of the virus. T antigen has multiple functions including
binding of p53, altering transcription patterns in host cells and
replicating of viral DNA. T antigen has been reported to bear
multiple post-translational modifications such as phosphoryla-
tion and glycosylation. Several workers have reported glyco-
sylation of T antigen, but no known function for the modifica-
tion, or agreement on a sugar structure has been reached. We
have demonstrated the presence of O-linked N-acetylglucosa-
mine (O-GlcNAc) on T antigen by metabolic labelling of SV40
infected cells with [2H]-glucosamine, §-elimination of the radio-
labelled T antigen releases [*H]-glucosaminitol. 51,4 galactosyl
transferase labelling of T antigen further confirms the presence
of O-GlcNAc. We have found no evidence for the presence of
other sugars on T antigen. Interestingly, the fraction of T
antigen tightly associated with chromatin seems to be more
highly glycosylated that the bulk T antigen. We are currently
attempting to identify sites of glycosylation. In addition T
antigen overproduced in a baculovirus system is not efficiently
glycosylated. It has been shown that T antigen produced in this
system is heavily phosphorylated, and we are examining the
possibility of competition between O-GIcNAc and phosphate
modification at the same sites. These studies should help us to
understand better the function of O-GlcNAc on this important
protein.
This work was supported by NIH Grant GM 48666.

S2
Changes in Biological Functions of Heterologous Proteins
Expressed in the Methylotrophic Yeast Pichia Pastoris

R. Montesino, R. Garcia, V. Besada, L. J. Gonzalez,
I. Rodriguez, J. A. Cremata

GlycoLab, Bio-Industry Division, Center for Genetic
Engineering and Biotechnology, PO Box 6162, Havana, Cuba.

The selection of an appropriate host for heterologous express-
ion of a given protein should not be limited only to the protein
yield and localization within or without the cell. It should also
be made with the biological function of the final product in
mind, not only in vitro but in vivo as well. Heterologous protein
glycosylation emerges as a crucial point to understand the role
of oligosaccharide residues on its biological functions.

We have studied several proteins cloned and expressed in
very high yield in the methylotrophic yeast Pichia Pastoris in
terms of their glycosylation pattern and their relation with some
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biological and biochemical characteristics. The most interesting
result was that some of the industrial enzymes we analysed
showed an enhanced thermostability with respect to the native
enzyme without any change in enzymatic activity. This includes
sucrose invertase from yeast, a-amylase from bacillus and
dextranase from fungus.

Some other in vivo recombinant proteins were also studied,
detecting a higher clearance rate for streptokinase (from
S. equisimilis) and higher immunogenicity of the recombinant
BM 86 antigen (from B. microplus) when it was used as a
vaccine.

s2
Cleavage of the Transferrin Receptor is Influenced by the
Side Group at Position 104

E. A. Rutledge and C. A. Enns
Cell Biology and Anatomy, L215, Oregon Health Sciences
University, Portland, OR 97201, USA.

The transmembrane receptor for the iron carrying molecule,
transferrin, has a single O-linked carbohydrate at Thr 104, in
the external domain near the membrane. This carbohydrate
helps to protect the transferrin receptor (TfR) from proteolytic
cleavage between Arg 100 and Leu 101, only four amino acids
from the site of O-linked carbohydrate attachment. The
cleaved, soluble form of the TfR has been found in the medium
of cultured cells as well as in human serum and is used as a
diagnostic indicator of iron deficiency. We investigated what
features at position 104 protect the TfR from cleavage. By
site-directed mutagenesis, six different amino acid substitutions
were made at position 104. The side chains varied in size and
charge. Measurement of the soluble TfR in the cultured
medium of cells transfected with each of the mutant TfRs
showed that the large and charged side chains inhibited TfR
cleavage the most. The mutant TfRs are normal with respect to
homodimer disulfide bonding, affinity for transferrin, and
proportion of the TfR at the cell surface. In addition, removal
of the sialic acid component of the carbohydrate from wild-type
TfR by treatment of live cells with neuraminidase enhances TfR
cleavage. Expression of wild-type TfR in CHO 1d1D cells (a
glycosylation defective cell line) also shows enhanced TfR
cleavage under conditions that produce truncated or no O-
linked carbohydrate. These results show that the terminal
negatively charged sialic acid is important for protection from
proteolytic cleavage, and suggest that cleavage could be regul-
ated in the cell by removal of all or part of the carbohydrate.

S2
The Study of Transferrin Biological Action Dependence
on Sialic Acid Contents of its Molecules

N. M. Shillna, A. N. Koterov, L. Y. Kon
Institute of Nutrition of Russian AMS, Moscow, Russia.

The possible dependence of some transferrin (Trf) biological
actions (its antioxidant and cell proliferation stimulating effects)
on the sialic acid (SA) content of its molecules was studied in
isolated rat bone marrow cells. Human Trf was separated into
two forms with different content of sialic acid, using ion-
exchanged chromatography on DEAE-cellulose. One Trf form
(Ttf I) contained less SA residues than the other one (Trf II) -
on average 3 and 4 per one Trf molecule, respectively. The
effects of these molecular Trf forms on Fe3*-ADP stimulated
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lipid peroxidation (LP), detected by the production of malonic
dialdehyde, and replicative DNA synthesis, evaluated by *H-
thymidine incorporation into DNA of isolated bone marrow
cells. It was found that both apo-Trf forms inhibited LP, both
2Fe-Trf forms induced 3H-thymidine incorporation into bone
marrow DNA. However, apo—Trf II, containing more sialic
acid residues than apo-Trf I, inhibited LP in bone marrow cells
more efficiently than apo-Trf I. At the same time the effects of
apo-Trf I and apo-Trf II on LP in the cell-free system (egg’s
yolk lipoproteins) were identical. Unlike the action of apo-Trf
on LP the effect of 2Fe-Trf on H-thymidine incorporation into
DNA was more pronounced in the case of low sialylated Trf
(Trf I): it stimulated incorporation of tracer twice that of
control, while Trf II enhanced it only 1,4 times. The data
obtained show that the degree of Trf sialylation significantly
influences its biological action manifestation and specifically its
antioxidant effects and DNA synthesis stimulation. It may be
suggested that the distinctions observed in the biological effects
of two Trf molecule forms with different SA content may be
explained by unequal bone marrow cell membrane binding of
these Trf forms.

S2
Biosynthetic Modulation of Sialic Acid-Dependent
Virus-Receptor Interactions

P. Stehling!, O. T. Keppler?, M. Herrmann?, D. Grunow!,
H. Kayser!, M. Pawlita? and W. Reutter!

L Institut fiir Molekularbiologie und Biochemie, Freie Universitiit
Berlin, D-14195 Berlin, Germany.

2 Angewandte Tumorvirologie, Deutsches
Krebsforschungszentrum, Im Neuenheimer Feld 242, D-69120
Heidelberg, Germany.

Sialic acids belong to the essential components of the plasma
membrane receptors of many microorganisms including viruses.
Synthetic, N-substituted p-mannosamine derivatives can act as
precursors for structurally altered sialic acids incorporated into
glycoconjugates in vivo [1].

In this study we have analysed the potential of these sialic
acid precursor analogues to modulate sialic acid-dependent
biological functions. The biosynthetic modification of host cell
sialic acids by these derivatives drastically and specifically
interfered with sialic acid-dependent infection of two distinct
primate polyomaviruses. Both, inhibition (over 95%) and
enhancement (up to seven-fold) of virus binding and infection
were observed depending on the N-acyl substitution at the C5
position of sialic acid. These effects were attributed to the
synthesis of virus receptors, carrying elongated N-acyl groups,
with altered binding affinities for virus particles.

Furthermore we could show that the relative amount of
biologically synthesized nonphysiological N-acyl neuraminic
acids directly reflects to the biological effects.

Thus, the principle of biosynthetic modification of sialic acid
by application of appropriate sialic acid precursors to tissue
culture or in vivo offers new means to specifically influence
sialic acid-dependent ligand-receptor interactions and could be
a potent tool to further clarify the biological functjons of sialic,
in particular its N-acyl side chain.

1. Kayser H, Zeitler R, Kannicht C, Grunow D, Nuck R,
Reutter W (1992) J Biol Chem 267: 16934-38.
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S2
Structure and Function of a Thrombin-like Snake Venom
Enzyme, Batroxobin

N. Tanaka', H. Nakada!, M. Takeuchil, M.
D. Yamamoto?, and I. Yamashina!

1 Department of Biotechnology, Faculty of Engineering, Kyoto
Sangyo University, Japan.

2 Biomedical Computation Center, Osaka Medical College,
Japan.

Inouel,

Batroxobin is a thrombin-like enzyme purified from snake
venom of Bothrops atrox, moojeni. In contrast to thrombin
which converts fibrinogen into fibrin by splitting off of fibri-
nopeptides A and B, batroxobin splits off only fibrinopeptide
A. The complete amino acid sequence and carbohydrate
structure have been elucidated. The positions of six disulfide
linkages have now been determined which differentiated bat-
roxobin from thrombin or trypsin. The role of the carbohydrate
moiety in the enzymatic activity of batroxobin has been
examined by sequential digestion of the native batroxobin with
sialidase, f-N-acetylhexosaminidase, «-mannosidase and
PNGase F. Sialidase digestion did not influence the enzyme
activity significantly, but a remarkable increase in the activity
was observed on further treatment with - N-acetylhexosamini-
dase and a-mannosidase, the latter resulting in M1 batroxobin
with 1.9 times greater activity compared to the native batroxo-
bin. The modification of the carbohydrate moiety accelerated
the clearance of batroxobin from the circulation. By construct-
ing a molecular model of batroxobin based on comparison with
well-characterized thrombin and kallikrein, it was possible to
predict the role of carbohydrate in the enzyme activity.

S2
Aprocrine Secreted Proteins of the Rat Coagulating Gland
are Glycosylated in an Unconventional Manner

B. Wilhelm!, C. Keppler!, R. Geyer?, P. Hermentin}, G.
Aumiiller! and J. Seitz!

L Department of Anatomy and Cell Biology, Phillips University,
Marburg, Germany.

2 Institute of Biochemistry, Justus-Liebig-University, Giessen,
Germany.

3 Behringwerke AG, Marburg, Germany.

In the rat coagulating gland we have identified two glycopro-
teins (secretory transglutaminase and a 29 kDa protein) which
are secreted via the apocrine export pathway. Our immunoelec-
tron microscopic studies gave clear evidence that the proteins
do not pass through the classical ER/Golgi rtoute during
intracellular transport [1]. Consequently, synthesis and glyco-
sylation must take place in the cytoplasmic compartment. In
current studies we are analysing the carbohydrate structures
using several methods (GC-MS, HPAE-PAD and lectin screen-
ing on Western blots). Our data indicate that monosaccharide
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composition is not compatible with that of conventional N- and
O-linked glycans and that the glycan structures are more
complex than the O-linked GlcNAc modifications of nuclear
pore and cytoplasmic proteins already described [2]. This is in
agreement with the fact that it was not possible to release the
carbohydrate side chains from the polypeptide by specific
endoglycosidases and chemical cleavage methods (f-elimination
and HF-treatment). At present we are trying to release the
glycans by automated hydrazinolysis. Since glycosylation must
take place in cytoplasm, novel structures have to be expected.
Further cell biological studies will show the exact site of
glycosylation in the cytoplasm. Our morphological findings
favour the model that membrane associated glycosyltransferases
of the Golgi are competent for carrying out glycosylation
processes even at the cytosolic side of the membranes.

1. Steinhoff M, Eicheler W, Holterhus PM, Rausch U, Seitz J,
Aumiiller G (1994) J Cell Biol 65: 49-59.

2. Hart GW, Haltiwanger RS, Holt GD, Kelly WG (1989)
Annu Rev Biochem 58: 841-47.

S2

Functional Role of Intramolecular High-Mannose Chains
in the Folding and Assembly of Soybean (Glycine max)
Lectin Polypeptides

H. Yamaguchi, K. Shibata and K. Nagai
Department of Agricultural Chemistry, College of Agriculture,
Osaka Prefectural University, Sakai, Osaka 593, Japan.

Soybean lectin, denatured in 6 M guanidine hydrochloride, was
quantitatively reconstituted to the active tetrameric structure by
simple dilution. The combined use of spectroscopy and size
analysis by gel filtration revealed that both the folding and
assembly of denatured subunit polypeptides were completely
prevented in the presence of 300 um ManyGIcNAc,Asn (M9-
Asn), whereas Glc;sMangGlcNAc,Asn(GM9-Asn) interfered
only with the polypeptide assembly. M9-An and GM9-Asn were
also able to dissociate the native lectin into subunits, but failed
in unfolding them. MS5-Asn, which corresponds to M9-Asn
devoid of four mannose «l,2 residues, interfered with the
reconstitution as well, although less effectively than M9-Asn.
Periodate oxidation of the native lectin, resulting in the
trimming of the sugar chains to Man,GlcNAc,, did not impair
the refolding of denatured polypeptides, but eliminated the
ability of the folded monomers to reassemble to the tetrameric
structure. Essentially the same results were obtained with the
lectin exhaustively digested with a-mannosidase. Further, com-
pletely deglycosylated polypeptides had no ability to refold.
These results suggest that the 1,6 arm on the S-mannosyl
residue of the high-mannose chains functions in the subunit
assembly, whereas other part including the core structure and
the 1,3 arm on the B-mannosyl residue contributes to the
folding of the subunit polypeptides.
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S3. NEW METHODS OF GLYCOCONJUGATE ANALYSIS
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$3. 4.00pm
High Sensitivity MS Strategies for Characterizing Novel
Glycans

A. Dell, R. L. Easton!, K.-H. Khoo?, S. M. Haslam!, R. A.
McDowell!, M. Panico!, S. Sarda!, E. Stimson and H. R.
Morris!

L Department of Biochemistry, Imperial College, London
SW72A4Z, UK.

2 Department of Microbiology, Colorado State University, Ft
Collins, CO 80523, USA.

By combining micro-chemical and biochemical techniques with
mass spectrometry we are successfully characterizing a wide
range of novel glycan structures isolated from parasites, patho-
gens and higher animals. In an important new instrumental
development, a laser source has been fitted to our ultra-high
sensitivity sector array detector mass spectrometer (ZAB 2SE-
FPD) thereby enabling the acquisition of mass spectral data at
high resolution and high mass accuracy in the MALDI experi-
ment. We are integrating this laser technology into the strat-
egies we employ based on FAB-MS and LC-ES-MS comple-
mented by protease, glycosidase and oxidative degradations
coupled with micro-derivatization.

We have used the above MS methodology to define the
structures of the major O-glycans in the cercarial glycocalyx
(GCX) of S. mansoni. We have discovered that a pS-
GalNAc(1-4)8-GlcNAc(1-3)a-Gal motif substituted at the 3-
position of GIcNAc with an oligofucosyl moiety constitutes the
repeating unit in the GCX O-glycans. The surface glycoproteins
of H. contortus carry N-linked glycans and, like GCX, these are
characterized by a high level of fucose. MS analyses of
detergent extracts from H. conftortus suggest that truncated
multifucosylated core structures are major constituents of the
N-glycans.

In collaboration with Dr M. Virji and colleagues (Oxford) we
have established that meningococcal pilin in a glycoprotein. We
have examined material released by reductive elimination from
several pilin variants and have evidence for the presence of a
digalactosyl-containing trisaccharide in all variants other than
GalE mutants which lack galactose.

S3. 4.25pm
Glycosylation Site Mapping by MALDI Mass
Spectrometry

R. Orlando and Y. Yang

Complex Carbohydrate Research Center and Department of
Biochemistry and Molecular Biology, University of Georgia, 220
Riverbend Road, Athens, GA 300602-4712, USA.

We have developed a strategy for glycosylation site mapping
based upon matrix-assisted laser desorption/ionization-mass
spectrometry (MALDI-MS). In this strategy, the protein back-
bone is cleaved enzymatically and a portion of the resulting
peptide/glycopeptide mixture is analysed directly by MAL-

DI-MS. A second aliquot of the digested glycoprotein is further
treated with PNGase F to release the N-linked carbohydrate
chains, followed by MALDI-MS of this sample. The N-linked
glycopeptides in this mixture can be easily identified by
comparing these two MALDI-MS spectra, since the molecular
weights (MWs) of these glycopeptides decrease by the mass of
their carbohydrate chains while the peptides and the O-linked
glycopeptides are unaffected. A third aliquot of the digested
glycoprotein is treated with anhydrous hydrogen fluoride, which
removes both the N- and the O-linked chains, without affecting
the peptide backbone. The O-linked glycopeptides can then be
identified by comparison of this MALDI-MS spectrum to that
from the untreated mixture in a manner analogous to that used
for identifying the N-linked glycopeptides. These comparisons
provide the mass of each carbohydrate chain and the peptide to
which it was attached. Combining this information with the
amino acid sequence of the protein identifies the glycosylation
sites. The primary advantages of our MALDI-MS approach are
its simplicity and sensitivity. Unlike the other procedures
currently used for glycosylation site mapping, our approach
does not require time consuming chromatographic separations.
In addition, we have been able to use this procedure to map the
glycosylation sites from ferntomole quantities of glycoproteins.

$3. 4.38pm

'H-NMR Spectroscopy as a Continuous Flow On Line
Detection System for Glycolipids Separated by HPLC
(LC-NMR)

A. Olling?, A. E. Backer!, E. C. Hallberg?, G. Larsson!, B. E.
Samuelsson! and B. Soussi?

L Department of Clinical Chemistry and Transfusion Medicine
and 2 Bioenergetics Group Wallenberg Laboratory, Goteborg
University, Sahigrenska Hospital, Goteborg, Sweden.

Glycolipid separation by HPLC is usually monitored by HPTLC
of separated fractions. As glycolipids both differ in, and
separate according to, their carbohydrate as well as their
ceramide part, pooling of fractions for further separation or
structural work is usually difficult without more specific data.

A straight phase silica column HPLC-system connected
on-line to a 'H flow-probe of a 500 MHz NMR instrument
(Bruker AMX 500), was used. NMR spectra were recorded
continuously during 40 min of HPLC running using a gradient
system of CHCl;:CD;OD:D,0 from 80:20:1 by vol, to 60:35:8
by vol. A mixture of lactosyl-, globotriaosyl-, and globotetra-
osylceramide (300 pg each) was used for testing. On 40 min of
continuous recording, 50 spectra (increments) of 32 scans each
were recorded. The results could be visualized as single spectra
(in total 50 spectra) or as a 3D map. TLC analyses were
performed on all collected fractions and the results compared
with NMR spectral data at identical elution times. Separate
NMR recordings of the total nonseparated glycolipid mixture
were performed with different solvent mixtures for identifica-
tion purposes.
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The results show that spectra recorded, although distorted by
e.g. solvent effects, contains relevant data and identify glyco-
lipids during chromatography. Signals originating in anomeric
protons were easily detected from sample amounts of 30-50 ug
calculated to be present in the probe during recording. The
difference in, and comparison of, dynamic changes in intensity
of different signals during chromatography, may be used to
determine molecular origin in only partially separating mix-
tures.

$3. 4.52pm

A Method for the Analysis of the Linkage Position of
Sialic Acid and the Successive Saccharide Using
Methylation, Reduction and Trifluoroacetolysis Followed

by GC/MS
Lena Johansson and Karl-Anders Karlsson

Department of Medical Biochemistry, University of Goteborg,
Medicinareg. 9A, 413 90 Géteborg, Sweden.

A method is under development for the analysis of the ketosidic
bond between sialic acid and the first successive saccharide in
oligosaccharides and gangliosides. Methylation is performed
using methyl iodide in the presence of sodium hydroxide in a
dimethyl sulfoxide solution [1]. Subsequent reduction in diethyl
ether with lithium aluminium hydride [2] gives a free primary
alcohol on the sialic acid C1 position. Trifluoroacetolysis is then
performed at 60 °C in 1% trifluoroacetic acid in trifluoroacetic
anhydride. The primary alcohol is readily trifluoroacetylated
causing a stabilization of the ketosidic bond towards trifluoro-
acetolysis. Unstabilized glycosidic bonds undergo trifluoro-
acetolysis prior to trifluoroacetylation, thus yielding a mixture
of derivatized monosaccharides and one or more sialo units
linked to a saccharide. The mixture is analysed by GC/MS and
through evaluation of retention times and mass spectra the
different components can be identified.

This method is of importance for the analysis of larger
oligosaccharides and gangliosides recovered from different
biological sources. The aim is to be able to determine the sialic
acid linkage(s) and to identify the successive saccharide in order
to evaluate the sialic acid dependent binding of microbes.

1. Larson G, Karlsson H, Hansson GC, Pimlott W (1987)
Carbohydr Res 161: 281-90.
2. Karlsson K-A (1974) Biochemistry 13: 3643-47.

S3. 5.05pm

Three-Dimensional Mapping Technique of
Pyridylaminated N-Linked Oligesaccharides: Elucidation
of Structures of ¢5f1 Integrin

N. Takahashi
Nakano Vinegar Co. Ltd, Handa-City 475, Japan.

The three-dimensional mapping technique, a new method for
structural analysis of N-linked oligosaccharides, has recently
been developed. A PA-derivatized oligosaccharide mixture is
first separated by HPLC on an anion exchange (DEAE) column
and the elution data are placed on the Z-axis. Neutral, and
mono, di, tri, and tetra-sialyl oligosaccharides are then indi-
vidually separated on both an ODS-silica (X-axis) and an
amide-silica (Y-axis) column, under the same chromatographic
conditions. We then compare the coordinate of the sample with
those of known standard PA-oligosaccharides. This mapping
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technique can differentiate even closely related Neu5Aca2 — 6
from a2 — 3-containing oligosaccharides, and NeuSAc from
Neu5Ge-containing oligosaccharides.

In the integrin receptor, N-glycosylation is essential for
association of the a5 and B1 subunits and for the optimal
binding to fibronectin. The detailed oligosaccharide structures
of a5f1 integrin receptor were analysed using the 3-D mapping
technique. Ten neutral, 6 mono-sialyl, 10 di-sialyl, 7 tri-sialyl,
and 2 tetra-sialyl oligosaccharides were isolated from the
protein and their structures were characterized. N-acetylneura-
minic acids were linked predominantly by «2 — 3 linkage. Fully
a2 — 3 sialylated oligosaccharides constituted 38.1% of the
total.

$3. 5.25pm
New Technology for Glycosphingolipid Analysis by Using
TLC Blotting

S. Handa?, D. Ishikawa!, T. Kasama? and T. Taki!

1 Department of Biochemistry, ? Laboratory of Biomedical
Analysis, Tokyo Medical and Dental University, Tokyo 113,
Japan.

A new technology for glycosphingolipid (GSL) analysis by TLC
blotting has been developed. GSLs on an HPTLC-plate were
blotted to 2 PVDF membrane as follow. The plate was dipped
in a mixture of isopropanol: 0.2% CaCl,:MeOH (40:20:7, by
vol). Then a PVDF membrane and a glass fibre filter were
placed on the plate, and the assemblage was pressed with 180 C
iron for 30s. GSLs blotted on the membrane can be used for
the following analyses. (1) GSLs on the membrane can be
visualized with chemical reagents such as orcinol, resorcinol
reagent as well as immunological staining. (2) GSLs on the
membrane can be extracted with MeOH. By this method, 20
GSLs and 12 acidic GSLs separated with 2D-TLC were purified
as homogeneous bands. (3) GSLs on the membrane can be
analysed directly by MS. More than 15 GSLs obtained from 107
cells could be analysed by the MS analysis. (4) GSLs blotted on
the membrane could be used as substrates for glycosyltrans-
ferase and glycosidase. The reaction products were determined
by immunostaining. Further practical applications for GSL
analyses of the TLC blotting will be discussed.

§3. 5.40pm
Heterocyclic Derivatives of Reducing Glycans

C. A. Copper, W. Kett, M. Batley, N. H. Packer and J. W.
Redmond

Macquarie University Centre for Analytical Biotechnology and
School of Chemistry, North Ryde, Sydney, NSW 2109,
Australia.

Hydrazinolysis is an established technique for the release of
both N- and O-linked glycans from glycoproteins. The glycans
are initially isolated as the hydrazones, which can be deblocked
and recovered in the reducing form. Alternatively, the hydra-
zones can be converted directly to derivatives which enhance
their separation, detection and spectroscopic properties.

Glycan hydrazones exist almost solely in the cyclized form in
aqueous solution. As such, they can be considered as glycosyl
hydrazines and can be converted into heterocyclic compounds
by standard condensation reactions [1]. Accordingly, glycan
hydrazones from the hydrazinolysis of fetuin were converted,
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without prior purification, to glycosylpyrazoles by condensation
with pentan-2,4-dione (acetylacetone). The conversion is rapid
at room temperature and the glycosylpyrazoles have excellent
properties for reversed- and normal-phase HPLC and CE, as
well as good properties for electrospray-mass spectrometry.

Similarly, glycosylhydrazines can be condensed with esters of
acetoacetic acid to form glycosylpyrazolones, which can be used
in coupling reactions to incorporate functional groups to
provide enhanced separation and spectroscopic properties.
1. PCT Patent. ‘Glycoconjugate Analysis’, No.
AU94/00764.

PCT/

§3. 5.53pm
Enzymatic Release of Complex Type Oligosaccharides
from Native Glycoproteins Using
Endo-p-N-Acetylglucosaminidase HS

K. Ito and N. Minamiura
Department of Biology, Faculty of Science, Osaka City
University, Sugimoto 3-3-138, Sumiyoshi-ku, Osaka 558, Japan.

The discovery of the endo-B-N-acetylglucosaminidases pro-
vided the ability to release intact oligosaccharides from glyco-
proteins without destruction of the protein moieties. It is
desirable to obtain new endo-B-N-acetylglucosaminidases with
high specificity for complex type oligosaccharides of intact
glycoproteins because of the variety of the structure of Asn-
linked oligosaccharides and the limited substrate specificities of
known endo- 8- N-acetylglucosaminidases.

We found the deglycosidation of human salivary a-amylase
family A, which has a biantennary complex type oligosaccharide
having fucose linked to the proxymal N-acetylglucosamine, in
human saliva [1]. The deglycosidation was catalysed by endo-g-
N-acetylglucosaminidase, named endo-f-N-acetylglucosamini-
dase(endo) HS [2]. Endo HS originated from epithelial cell of
human oral cavity epithelium and was an intrinsic plasma
membrane protein. It was solubilized and purified in the
presence of CHAPS. Endo HS completely acted on human
transferrin, calf fetuin and human urinary RNase UL, but, it did
not act on ovalbumin, bovine pancreatic RNase B and Taka-
amylase. Endo HS also released oligosaccharides from Asn-
oligosaccharides prepared from buman transferrin, human
lactoferrin and calf fetuin, but not Asn-oligosaccharides derived
from ovalbumin. Endo HS specifically released bi, tri and
tetraantennary complex type oligosaccharides from native
glycoproteins even in the presence of core fucose residue.

Thus endo HS can be used for typing the structure of
Asn-linked oligosaccharides or investigating the function of
complex type oligosaccharides of glycoproteins.

1. (1992) J Biochem 112: 88-92.
2. (1993) J Biol Chem 268: 16074-81.

$3. 6.07pm
Exosequencing: A Novel Approach For Sequencing
Heparin/Heparan Sulphate Saccharides

J. E. Turnbulil, J. J. Hopwood? and J. T. Gallagher!
1Cancer Research Campaign Medical Oncology Department,
University of Manchester, Christie Hospital, Wilmslow Road,
Manchester M20 9BX, England, UK.

2Chemical Pathology Department, Women’s and Children’s
Hospital, North Adelaide, SA 5006, Australia.
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Structural analysis of glycosaminoglycans (GAGS), in particular
the highly complex sequences found in heparan sulphate (HS)
and heparin, presents considerable difficulties. Current
methods are laborious and generally provide only indirect (and
often incomplete) sequence information. We have devised a
novel approach by utilizing degradative lysosomal exoenzymes
(which remove specific sulphate groups or monosaccharide
residues from the non-reducing end of saccharides). Sequential
degradation using these exoenzymes in concert with high
resolution gradient PAGE mapping techniques provides the
basis for development of new strategies for direct sequencing
of GAGs. For example, a purified heparin hexasaccharide
of structure IdoA(2S)-GleNSO3(6S)-IdoA(2S)-GlcNSO3(6S)-
IdoA(2S)-AMannR(6S) resolves as a single major band on
gradient PAGE. Sequential treatment with the enzymes iduro-
nate-2-sulphatase, iduronidase and glucosamine-6-sulphatase
(which specifically remove non-reducing terminal 2-O-sulphate
groups, iduronate moieties and 6-O-sulphate groups respect-
ively) resulted in downward band shifts due to lower molecular
weight of the products. The banding pattern can be interpreted
to read directly the sequence of the non-reducing end of the
hexasaccharide. The results demonstrate the utility of this novel
approach for sequencing GAG saccharides.

S3 POSTERS

S3
Structural Characterization of a Glycosphingolipid
Mixture from Pig Lungs with LC-NMR and MS-MS

A. E. Bicker!, S. Thorbert!, A. Olling!, E. C. Hallberg?,
M. L. Gustavsson!, B. Soussi2 and B. E. Samuelsson?

nstitute of Laboratory Medicine, Departments of Clinical
Chemistry and Transfusion Medicine and

2 Bioenergetics Group Wallenberg Laboratory, Goteborg
University, Sahlgrenska Hospital, Géteborg, Sweden.

Pig is a possible donor in human xenotransplantation. The lung
is rich in endothelial cells known in aorta to express Galal-
3neolactotetraocylceramide — one major target for human
anti-pig antibodies. Glycosphingolipids from four pig lungs
were prepared according to the method of K-A Karlsson, with
slight modifications.

The glycosphingolipids were purified and separated according
to sugar chain length on an LKB HPLC. Two native glyco-
sphingolipid fractions with (1) 1-5 sugar residues, and (2) = 4
sugar residues were used for structural characterization. A
Bruker LC 22C pump with a straight phase silica column was
connected on line to a Bruker AMX 500 MHz spectrometer
equipped with a dedicated 'H flow probe with a cell volume of
160 ul. Continuous flow 'H spectra were obtained using a one
dimensional NOESY pulse sequence including presaturation.
An acquisition time of 1s was used. The total time was 40 min
with 50 increments of 32 scans each. Fractions of 3.5 mg were
eluted in 100 yl of the solvent (i.e. 300 ug per component). The
gradient systems used were mixtures of CHCl;:CD;0D:D,0.

The MS-MS experiments were carried out on Fison Autospec
OA TOF equipment. The glycolipid samples were used in both
a derivatized (i.e. methylated) and native form in the experi-
ments. Our data from LC-NMR and MS-MS analysis indicate a
future potential for the combined methods in the structural
characterization of glycosphingolipid based antigen mixtures of
biological origin.
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S3
Acoustic Cavitation and Glycosylation

G. Berchiesi and F. Farhat
University of Camerino, Camerino, Italy.

The acoustic cavitation on a multicomponent aqueous system
(Adenine, ribose, CF;COONa, CICH,CONH,) has been stud-
ied under different conditions of acoustic power and composi-
tion and the following results have been obtained:

1) Low acoustic power (=1 Wcm~2): the system was sonic-
ated at 20 °C. After 90 h of sonication the liquid phase changed
to a lilac-pink colour and successively the solid phase also
changed. A change of colour was also observed in a non-soni-
cated mixture, but over a longer period. The pink powder was
fluorescent: its molecular spectra were similar to adenine, but
there were differences in reactivity.

2) Medium acoustic power (90 Wem~—2). The conjugation of
nitrogen present in the imidazole ring of adenine with the
CH,CONH, group was easily obtained at 20 °C. When the
sonicated mixture was warmed to = 70 °C a moderate amount
of adenosine was obtained, i.e. the glycosylation was obtained.

3) High acoustic power (=500 Wcm~2). This power was
principally a destroying agent and glycosylation was not ob-
tained. Modifications of adenine were observed depending on
the presence in the reacting medium of other substances. For
example the role of CF;COONa was tested. Since it absorbs O,
strongly (as we have demonstrated recently), this probably
reduced the presence of oxygen in the cavitation bubble, and
consequently the temperature in both the coliapsing bubble and
the liquid around the bubble. The liquid around the bubble is
the site where the reactions of adenine occur, owing to its very
low vapour pressure.

S3

Density Gradient Electrophoresis Revealed Distinct
Popnlations of Human High-M, mucins (MG1) Secreted
by Different Salivary Glands

J. G. M. Bolscherl, E. C. 1. Veerman!, A. V. Nieuw
Amerongen!, D. W. Verwoerd? and A. Tulp?

1 Department of Oral Biochemistry, ACTA, Amsterdam, The
Netherlands.

2Division of Cellular Biochemistry, The Netherlands Cancer
Institute, Amsterdam, The Netherlands.

High-M; mucins (MG1s), heavily glycosylated with O-linked
oligosaccharides, are major constituents of human saliva. MG1s
originating from individual salivary glands were chemically
characterized. The carbohydrate content of MG1 derived from
palatal (PAL), submandibular (SM) and sublingual (SL) saliva
was typical for mucins but showed heterogeneity, especially in
the amount of sialic acid and sulfated sugar residues. The
physicochemical properties of native MG1s make conventional
SDS-PAGE and ion-exchange chromatography unsuitable for
investigating differences between individual MG1 mucins. Re-
cently, a Density Gradient Electrophoresis (DGE) device has
been developed, primarily for separation based on the charge of
entire cells or cell organelles [Tulp et al. (1994) Nature 369:
120-26]. We have used this device to study the various high- M,
salivary mucins. MGls of the individual glands clearly ex-
pressed distinct electrophoretic mobilities, as monitored by
ELISA using MGl-specific mAbs. Even within a particular
MG1 preparation subpopulations could be distinguished. DGE
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analysis of chemically and enzymatically modified MG1 series,
followed by ELISA and dot-blot detection using specific mAbs,
lectins, and high-iron diamine (HID) staining, suggests that the
high electrophoretic mobility of PAL-MG1 stems mainly from a
high sulfate content, whereas the distinct SL subpopulations
differ mainly in binding-type and the amount of the sialic acid
residues. SM-MG1 mostly resembles the low mobile subpopula-
tion of SL-MG1 possessing, however, a lower sulfate content.
In conclusion, DGE appears to be a powerful method for native
mucin analysis, leading to the direct result that MG1s from the
various salivary glands are biochemically much more diverse
than was previously assumed.

S3
Unmedified Glycosaminoglycan Oligosaccharides for
Structure-Function Studies

W. Chai and A. M. Lawson
MRC Glycosciences Laboratory, Northwick Park Hospital,
Watford Road, Harrow, Middlesex HAI 3UJ, UK.

Glycosaminoglycan (GAG) polysaccharides of cell surface pro-
teoglycans interact with a range of proteins involved in cellular
adhesion, motility and proliferation. One approach to investi-
gating molecuiar interactions of this type entails the use of
defined oligosaccharide fragments in activation and inhibition
assays. Although GAG oligosaccharides from enzymatic or
chemical depolymerization are employed in such investigations
the modified terminal residues of fragments may interfere with
activities.

In the present report, an oxymercuration procedure [1] to
cleave unsaturated uronic acid (AUA) residues from glycan
lyase-produced fragments is assessed by characterizing both the
cleaved AUA and the residual saccharide structures. This is
shown initially with heparin disaccharides by conversion of the
products to neoglycolipid derivatives and analysis by TLC-
LSIMS. Multiple but characteristic products are detected that
permit identification of terminal AUA and its sulfate content,
and these are used in structure elucidation of several heparin
fragments, including tetra- and hexasaccharides, where vari-
ation in 'H-NMR chemical shifts make AUA assignment
uncertain. Glycosidic linkages and O- and N-suifate groups are
shown to be preserved in the residual structures after removal
of AUA from heparin di- and tetrasaccharides, and chondroitin
tetra- and hexasaccharides. Our results verify the use of the
oxymercuration reaction for generating series of unmodified
GAG fragments from proteoglycan and other sources for
biological activity studies, while TLC-LSIMS of neoglycolipid
derivatives provides a means for sensitive determination of the
composition and sequence of short GAG chains.

1. Ludwigs et al. (1987) Biochem J 245: 795-804.

S3

Analysis of 9-Aminopyrene-1,4,6-trisulfonate Derivatized
Sugars by Capillary Electrophoresis with Laser-induced
Fluorescence Detection

Fu-Tai A. Chen, Ramon A. Evangelista and Ming-Sun Liu
Advanced Technology Center, Beckman Instruments Inc., 2500
Harbor Blvd, Fullerton, CA 92634, USA.

Reductive amination of reducing sugars with 9-aminopyrene-
1,4 ,6-trisulfonate (APTS) results in the formation of adduct that
is substantially more intense yellowish green colour than that of
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the APTS. Fructose and other ketohexoses can be derivatized
by a similar procedure. The APTS-mono and oligosaccharides
were characterized by capillary electrophoresis with laser in-
duced fluorescence (CE/LIF). APTS derivatized sugars have
Amax at 455 nm with a significant absorption at 488 nm (35%
Amax) While the APTS has a Ay, at 424 nm with little absorption
at 488 nm. APTS derivatized sugars fluoresces at 512 nm, while
APTS fluoresces at 501 nm. Selective fluorescence detection of
the APTS-sugar adducts was achieved by using excitation at
488 nm of argon-ion laser and fluorescence emission at 520 nm.
The detection limit of the CE/LIF system for purified deriva-
tized sugar is 0.4 nm (S/N = 10). The lowest amount of oligo-
saccharide which can be derivatized and detected by the present
method is 1.0 pmol.

APTS-mono- and oligosaccharides are well-separated by
CE/LIF in many different buffer systems without relying on
borate complexation. APTS-oligosaccharide ladders are well-
resolved up to 50-mers in phosphate buffer at pH 2.2 by
CE/LIF system. APTS-maltohepatose and sialylactose were
used to probe the specificity of amylases and neuraminidase,
respectively. Analysis of glycoprotein-associated oligosac-
charides using standard cleavage procedures along with APTS-
derivatization and the CE/LIF method will be discussed. The
higher detection sensitivity, derivatization efficiency and sep-
aration power of the APTS derivatization in the CE/LIF
analysis procedure provide substantial improvement over the
existing method of carbohydrate analysis.

S3
The Use of Capillary Electrophoresis in the Analysis of
N-Linked Oligosaccharides from Glycoproteins

C. Chiesa, L. R. Zieske, I. M, Zaidi and R. A. O’Neill
Perkin Elmer, Applied Biosystems Division, 850 Lincoln Centre
Drive, Foster City, CA 94404, USA.

The demand for easy to perform methods for carbohydrate
analysis is rapidly increasing. The use of capillary electrophore-
sis in glycoprotein analysis offers the advantages of high
resolution, small sample size, reproducible micro-quantitation,
as well as attractive opportunities for automation of the
analytical process. Capillary electrophoresis (CE) was used to
estimate degree of glycosylation through comparative peptide
mapping protocols, using native and de-glycosylated peptide
digests of a glycoprotein. A CE separation system and a sample
preparation protocol were optimized for the analysis of enzym-
atically released N-linked oligosaccharides, labelled with 1-
phenyl-3-methyl-5-pyrazolone (PMP). High-resolution oligosac-
charide ‘fingerprints’ were obtained. Exoglycosidase treatment,
followed by CE analysis, allowed identification of the oligosac-
charide terminal sugars, and their regiospecific linkages.
Further characterization of the released oligosaccharides, with
tentative structural assignment, was possible on the basis of
data obtained from composition analysis and enzymatic treat-
ment, in combination with information available from the
literature. Composition analysis of purified oligosaccharides
was carried out using one hydrolysis condition for the release of
neutral and amino sugars, and another for sialic acids. Upon
PMP-labelling, and in the case of sialic acids after enzymatic
conversion to mannosamine derivatives followed by PMP label-
ling, complete composition analysis of the released mono-
saccharides was achieved with high selectivity and efficiency,
using micellar electrokinetic chromatography (MEKC).
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S3

N-linked Glycan Profiling of Native and Recombinant
Glycoproteins Using a Modification of the
Fluorophore-Assisted Carbohydrate Electrophoresis
Methodology

R. Montesino, O. Quintero, R. Garcia, J. A. Cremata
GlycoLab, Bio-Industry Division Center for Genetic
Engineering and Biotechnology, PO Box 6162, Havana, Cuba.

Several methods have recently been developed for oligo-
saccharide profiling in natural and recombinant glycoproteins to
characterize both N and O linked oligosaccharides. Among
these, FACE (Fluorophore-Assisted Carbohydrate Electro-
phoresis) is one of the simplest and least time consuming but
there are still some difficulties which could be solved.

We have introduced some modifications to the classical
FACE for N-linked glycan profiling which include the addition
of triethylamine on the running buffer giving rise to a ‘real’ size
of charged oligosaccharides having different sialic acid units.
The approach to a classical HPLC analysis using NH; column of
the 8 amine naphthalene trisulfonic acid derivatives (oligo-
saccharide-ANTS derivatives) is also discussed, showing a well-
resolved set of peaks that are useful and easily recovered for
mass spectrometry.

Some examples will be given which include native secreted
glycoproteins from fungi (cellobiohydrolases and endogluca-
nases, cellulases) and also recombinant proteins expressed in
yeast (endo al-6 glucanhydrolase, dextranase, and B-fructo-
furanoside fructohydrolase, sucrose invertase) and in mamma-
lian cells (erythropoeitin in CHO cells).

S3
Detection of Gastric Mucin on PVDF Membrane Using
Histochemical Staining Methods

Y. Goso and K. Hotta
Department of Biochemistry, Kitasato University School of
Medicine, Sagamihara, 228 Japan.

Mucin, a high molecular weight mucus glycoprotein, is a major
component of the gastric mucus which is considered to protect
the mucosa from gastric acid, pepsin, etc. Gastric mucin has
been histochemically characterized. The results showed that
there are many kinds of mucin which differ from each other
based on their carbohydrate chains and that the location of each
mucin is different in the tissue. To detect and identify the
individual mucin, the extracted mucins, after fractionation by
various gel chromatography and density gradient centrifugation
methods, were blotted on a PVDF membrane. The membranes
were then stained using periodate-Schiff (PAS), Alcian blue
(AB), high-iron diamine (HID), galactose oxidase-cold thionin
Schiff (GOCTS) or paradoxical concanavalin A staining (PCS)
methods. The results showed that gastric mucins on the
membrane were quantitatively detected by these assays and that
gastric mucins were eluted at the void volume position during
Sepharose CL-4B chromatography. Mucins were also detected
during CsTFA density gradient centrifugation. Mucins detected
by PAS were excluded from a Sepharose CL-2B column, but
most of them were included in the same column after reduced
alkylation. In contrast, mucins detected by PCS were excluded
from the same column even after reduced alkylation. The
individual mucins were also detected during Q-Sepharose
chromatography according to their negative charges. Thus, this
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blotting method is useful for detecting individual mucins during
gel chromatography and density gradient centrifugation.

S3

Structural Determination of N-Linked Oligosaccharides
by Matrix-Assisted Laser Desorption/Tonization Mass
Spectrometry

D. J. Harvey!, T. Naven!, B. Kiister!, N. O’Donnelll,
A. Maisey? and R. H. Bateman?

LOxford Glycobiology Institute, Department of Biochemistry,
South Parks Road, Oxford, OX13QU, UK.

X Fisons Instruments, VG Organic, Floats Road, Wythenshawe,
Manchester M239LE, UK.

N-Linked oligosaccharides were released from glycoproteins by
hydrazinolysis and by PNGase-F digestion and examined by
MALDI using 2,5-dihydroxybenzoic acid as the matrix. Strong
MNat* ions were obtained from the underivatized compounds
with detection limits in the low pmol range. Profiles were
obtained from the N-linked oligosaccharides released from
several glycoproteins including ribonuclease, ovalbumin, human
IgG and the parotid gland. Quantitative studies with standard
oligosaccharides showed good correlation between sample
amount and recorded signal with little variation with oligo-
saccharide structure. Increased sensitivity (mid fmol region)
was achieved with reducing terminal derivatization to incorpor-
ate a cationic site. The technique was used to monitor the
products of exoglycosidase digestions used for structural deter-
mination studies. Greatly improved resolutions were obtained
on a magnetic sector mass spectrometer (VG AutoSpec)
compared with that obtainable on a linear time-of-flight (TOF)
instrument. Fragmentation, providing information on sequence
and branching was present in the spectra recorded on the
magnetic sector instrument. Fragment ions were mainly the
products of glycosidic cleavage with additional ions produced by
cleavages of the reducing-terminal GIcNAc. Additional experi-
ments using a TOF mass spectrometer fitted with a reflectron
and a magnetic sector instrument fitted with an orthogonal-TOF
analyser yielded improved fragmentation giving some linkage
information.

S3
The Hypothetical N-Glycan Charge: A Number That
Characterizes Protein Glycosylation

P. Hermentin and R. Witzel
Research Laboratories of Behringwerke AG, P.O. Box 1140,
D-35001 Marburg, Germany.

The production of recombinant glycoprotein therapeutics re-
quires characterization of glycosylation with respect to sialyla-
tion and lot-to-lot consistency. Here we introduce the ‘hypo-
thetical N-glycan charge’ (‘Z’) as a parameter that allows the
characterization of the protein glycosylation in a simple and
efficient manner.

The hypothetical N-glycan charge Z of a given glycoprotein is
deduced from the N-glycan mapping profile obtained via
HPAE-PAD. In HPAEC, N-glycans are clearly separated
according to their charge, i.e. their number of sialic acid
residues, exhibiting retention times in the range of 13~18 min
(asialo, as), 20-23 min (monosialo, MS), 27-32 min (DiS),
34-38 min (TriS), and 40-43 min (TetraS structures), using the
validated gradient ‘S’ for sialylated N-glycans [1].
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Z is defined as the sum of the products of the respective areas
under the curve (AUC), each multiplied by the corresponding
charge:

Z = AUC * 0 + AUCys) * 1
+ AUC(Dis) *2 + AUC(Tﬂs) %3 4+ AUC(TetraS) * 4

Thus, a glycoprotein with mostly C4-4* structures will pro-
vide Z =400 (e.g. thu EPO (CHO), Z = 361, or rthu EPO
(BHK), Z = 325), a glycoprotein carrying largely C3-3* struc-
tures will amount to Z = 300 (e.g. bovine fetuin, Z = 290), a
glycoprotein with C2-2* structures will have Z =200 (e.g.
human serum transferrin, Z = 207, or human antithrombin III,
Z = 180), and a glycoprotein carrying only high-mannose type
or truncated structures will provide Z = 0 (e.g. bovine pancreas
ribonuclease B, Z = 15, or hen ovomucoid, Z = 15, respect-
ively) (for nomenclature and abbreviations see {2]).

The determination of Z was validated in multiple repetitive
experiments and proved to be highly accurate and reliable. Z
may therefore be regarded as a new and characteristic para-
meter for protein N-glycosylation.

1. Hermentin et al. (1992) Anal Biochem 203: 281-89.
2. Hermentin et al. (1994) Anal Biochem 221: 29-41.

s3

Characterization of Recombinant Human TSH
Glycosylation by Fluorophore Assisted Carbohydrate
Electrophoresis and Glycosidase Sequencing

E. Higgins
Genzyme Corporation, One Mountain Road, Framingham, MA
01701-9322, USA.

In humans, thyroid stimulating hormone (TSH) is produced in
the pituitary where it is glycosylated with biantennary N-glycans
that are sulfated and/or sialylated {1-3]. We have characterized
the glycosylation of recombinant human TSH produced in CHO
cells using fluorophore assisted carbohydrate electrophoresis
(FACE) in conjunction with glycosidase sequencing.

When TSH oligosaccharides are labelled with the fluorophore
8-aminonaphthalene-1,3,6-trisulfonic acid (ANTS) and separ-
ated by polyacrylamide gel electrophoresis (FACE) five major
bands are visible. When these bands were isolated from gels
and digested with sialidase to remove sialic acid residues, four
of the five bands resolve into more than one band (as many as
three different neutral structures were resolved from one
sialylated band). The result is a total of at least 10 different
structures in the five original bands. The desialylated bands
were isolated from PAGE gels and sequenced further. We have
shown that 55% of these desialylated structures were bianten-
nary, 31% triantennary and 14% tetraantennary, with different
levels of fucosylation. This heterogeneity in size and charge
results in multiple oligosaccharides with similar mass:charge
ratios. Because FACE separates oligosaccharides primarily
according to their charge:mass ratio, some structures coelute.
This makes it necessary to desialylate (eliminating the hetero-
geneity due to charge) and isolate the neutral structures before
doing further sequencing. However, even with this type of
heterogeneity FACE is a rapid and sensitive technique for
glycosidase sequencing.

1. Green ED, Baenziger JU (1988) J Biol Chem 263: 25.
2. Green ED, Baenziger JU (1988) J Biol Chem 263: 36.
3. Hiyama I. et al. (1992) Glycobiology 2: 401.
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S3
Improved O-Glycosylation Site Mapping of Glycoproteins

Lihua Huang and Herman van Halbeek
Complex Carbohydrate Research Center, The University of
Georgia, 220 Riverbend Road, Athens, GA 30602-4712, USA.

Current methods for determining the sites of O-glycosylation in
a given protein call for specific enzymatic (e.g. tryptic) cleavage
of the peptide backbone followed by isolating and sequencing
the glycopeptide fragments. Amino acid sequencing is typically
performed by automated Edman degradation (starting from the
N-terminus) or by tandem mass spectrometry. A glycosylated
amino acid either fails to show up or appears with a significantly
increased molecular mass, respectively. However, both
sequencing methods become practically cumbersome for rather
large peptides, especially if the latter contain more than one
occupied O-glycosylation site. To overcome these problems, we
propose to further cleave the isolated glycopeptide(s) non-spe-
cifically (e.g. by pronase), and to monitor the appearance of
fragment peptides and glycopeptides as a function of the
incubation time. Monitoring is conveniently accomplished by
MALDI-TOF mass spectrometry. Based on the obtained m/z
values for newly generated glycopeptides, the masses of the
corresponding peptide backbones can be calculated. If pursued
until the peptide backbone is but a couple of amino acids long,
the exact site of O-glycosylation in the protein can be deter-
mined. The proposed procedure is rapid and sensitive; answers
are obtained over the course of a few hours on ~100 pmol of
glycopeptide material. We will illustrate the application of this
method for the precise O-glycosylation site mapping of bovine
fetuin, a glycoprotein with three to four occupied O-glycosyla-
tion sites within a single tryptic fragment (*3¥Val-Argygs).

This research is supported by NIH Grant P41-RR05351 from
the National Center for Research Resources.

S3

Application of FMOC-CI for the Quantitative
Determination of 1-Amino-Oligosaccharides in the Low
Range

D. Kim!, J. R. Rasmussen?, S. Kimura? and T. Kaizu!
LGenzyme Japan K.K., Tokyo, Japan.

2Genzyme Corporation, Cambridge, Massachusetts, USA.

3 Department of Clinical Pathology, Showa University, Tokyo,
Japan.

A fluorescence tagging agent, 9-fluorenylmethyl chloroformate
(FMOC-CI]) was used for the determination of 1-amino-oligo-
saccharide intermediates generated from glycoproteins (ex.
RNase B) by N-Glycanase (PNGaseF; EC 3.5.1.52). RNase B
with N-Glycanase (0.05 mU per ug of protein) resulted in the
complete removal of Asn-linked oligosaccharide chains.
FMOC-labelled oligosaccharides were separated on an Amide
80 column by HPLC, and monitored at 278 nm for E, and at
333 nm for E, by a fluorometric detector. The complete
derivatization of FMOC-Cl to l-amino-oligosaccharide was
achieved at 20-fold molar excess of reagent for 60 min at room
temperature. More than 99% of 1-amino-oligosaccharides was
derivatized with FMOC-CI. The yield compared with the extent
of derivatization of reducing sugars with 2-aminopyridine over
8h at 90 °C of 71% as reported by Hase er al. (1984). When
RNaseB FMOC-labelled oligosaccharides were analysed, five
peaks corresponding to Man5-9GIcNAc2 were separated by
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HPLC. Each calibration curve of FMOC-labelled Man5-
9GIcNAc2 derivatives was plotted, and all their responses were
linear over the range 0.05-1.5 pmol.

S3

The Fluorometric Determination of Oligosaccharides by
Capillary Electrophoresis Equipped with a New Detector
Cell

T. Kaizu and D. Kim
Genzyme Japan K. K., Tokyo, Japan.

A new fluorescent detector cell was prepared for use in the
analysis of capillary electrophoresis (CE) and micro HPLC, and
positioned over the conventional capillary tube of both
apparatus. The detector cell allowed for the use of less
expensive conventional light sources such as a xenon lamp with
excellent resolution of the components of a sample being
analysed. Reductively pyridylaminated derivatives of glucose
oligomers and high mannose type oligosaccharides were used as
the components of a sample. The detector was linear over three
orders of magnitude and showed detected limits of
0.04-0.16 pmol for oligosaccharides. Although most fluores-
cence-labelled derivatives have been only detected at a definite
wavelength using a light source such as a laser beam, all kinds
of fluorescence compounds could be determined by the cell
utilized in this study using an inexpensive xenon lamp, instead
of a laser beam.

S3

Utilizing Gas Chromatography-Mass Spectrometry and
Tandem Mass Spectrometry for Analysing Mixtures of
Neutral, Sialylated and Sulfated Mucin Oligosaccharides

N. G. Karlsson, H. Karlsson, and G. C. Hansson
Medical Biochemistry, Medicinaregatan 9A, University of
Goteborg, 413 90 Goteborg, Sweden.

Mucin oligosaccharides released by alkaline borohydride from
porcine intestinal glycopeptides were fractionated on an anion
exchange column (Karlsson ef al. (1995) Glycoconjugate J 12:
in press). Neutral species were eluted by methanol. A mixture
of dimethyl sulfoxide and iodomethane converted the sialylated
species into methyl esters. These were then eluted by methanol.
Finally the sulfated species were eluted by 1M pyridinium
acetate. The methyl esters of the sialic acid residues could be
further derivatized to methyl amides. Characterization of the
neutral and the derivatized sialylated species were done by high
temperature GC/MS of their permethylated species. The mix-
ture neutral oligosaccharides was separated into 21 different
components with the largest one a permethylated hexa-
saccharide. The sialylated mixture was separated into 28
components involving both monosialylated and bisialylated
species with the largest one a monosialylated pentasaccharide.
The sulfated species were analysed as native or peracetylated
oligosaccharides by collision induced dissociation of their
[M-H]--ions using a four sector tandem mass spectrometer.
Fourteen monosulfated structures were deduced from the
spectra with the main sulfation site at the C-6 of an N-acetyl-
hexosamine attached to the C-6 of the N-acetylgalactosaminitol
residue.

The same approach applied to an intestinal glycopeptide
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fraction from rats infected with the parasite Nippostrongylus
brasiliensis revealed glycosylation alterations of the sialylated
oligosaccharides.

S3

Characterization of the N-Glycans on Recombinant
Human Factor VII (rFVIIa) by Liquid Chromatography,
Mass Spectrometry and Glycosidase Digestions

N. K. Klausen and S. Bayne
Department of Protein Chemistry Ge, Novo Nordisk A/S, Niels
Steensensvej 1, 2820 Gentofte, Denmark.

The N-linked glycosylation of pharmaceutical glycoproteins can
impact properties of the glycoprotein, e.g. the pharmacokine-
tics. In order to characterize the N-glycans of rFVIIa produced
in baby hamster kidney (BHK) cells, we have investigated the
use of liquid chromatography and electrospray mass spectro-
metry of N-glycans before and after glycosidase digestions
according to the reagent-array analysis method (Edge et al.
(1992) Proc Natl Acad Sci USA 89: 6338-42).

The N-glycans have been released from rFVIIa by hydrazino-
lysis and purified by ion-exchange chromatography and size
exclusion chromatography. The quantitatively dominating gly-
can structures have by the combination of liquid chromato-
graphy and mass spectrometry been characterized as di- and
monosialylated corefucosylated biantennary structures. Among
the neutral and the monosialylated glycans, structures with
galactose substituted with N-acetylgalactosamine have been
determined. Through the use of a peptide mapping procedure,
the N-glycan structures are assigned to the two N-glycosylated
sites of rFVIIa. Suitable analyses for documentation of batch-
to-batch consistency are proposed based on the results of the
structural characterization.

s3
Simultaneous Determination of Glycosaminoglycans in
Skin Dermis

I. Koshiishi, G. N. Qiu, H. Toyoda, T. Toida and T. Imanari
Faculty of Pharmaceutical Sciences, Chiba University, Japan.

Generally, most dermatopathia like allergic dermatitis are
accompanied with a constructive alteration of the skin dermal
extracellular matrix (ECM). The alteration is closely correlated
with qualitative and quantitative changes of glycosaminoglycans
(GAGs). Hence, an analytical method of GAGs, which is
applicable to a small piece of sample such as experimental
animal’s skin or human skin collected for biopsy, would be
useful. Major GAGs constructing skin dermal ECM are derma-
tan sulfate (DS), chondroitin sulfate (CS) and hyaluronan
(HA). They consist of characteristic disaccharide units, uronic
acid-hexosamine. We therefore, investigated a chromatographic
determination method of characterizing disaccharides obtained
from these GAGs by solvolysis; DS, CS and HA were
quantitatively degraded to N-acetyldermosine, N-acetylchond-
rosine and N-acetylhyalobiuronic acid in DMSO containing
pyridine, and these disaccharides were then determined simul-
taneously by ion-exchange HPLC equipped with a fluorometric
detector using 2-cyanoacetoamide as a post column reagent. We
simultaneously and sensitively determined the DS, CS and HA
without interferences of other GAGs such as heparan sulfate.
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S3
Use of a Nano-NMR Probe for the Analysis of Complex
Carbohydrates Available in Microgram Amounts

A. Manzi', P. V. Salimath?, R. C. Spiro3, and H. H. Freeze!
1Glycobiology Program and Glycobiology Core, UCSD Cancer
Center, La Jolla, CA, USA.

2La Jolla Cancer Research Foundation, La Jolla, CA, USA.
3Telios Pharmaceuticals, San Diego, CA, USA.

Application of NMR spectroscopy to the structural analysis of
complex carbohydrates of biological significance is usually
limited due to the lack of sensitivity of the method. We
explored the use of a new Nano-NMR probe that allows to
obtain high-resolution spectra on very small (< 40 ul) samples
avoiding solvent contaminants and background. The approach
was used for the identification of a novel glycosaminoglycan
core-like molecule.

It is known that fB-xylosides compete with endogenous
proteoglycan core proteins acting as alternate acceptors for
synthesizing glycosaminoglycan chains. When human melanoma
cells were incubated with 1 mm 4-methyl-7- B-xylosyl-coumarin
(Xylp-4MU) and [6-*H]-Gal, one of the isolated products
(xyloside I) showed unexpected properties. Since it was resis-
tant to the commonly used glycosidases, we isolated and
purified enough material for physico-chemical analysis.
Compositional analysis by HPAEC-PAD showed an approxi-
mate 1:1:2:1:1 molar ratio of GalNAc, GlcA, Gal, Xyl, and
4-MU. LSIMS and ESIMS indicated that the main component
of this mixture of products was consistent with the following
structure: HexNAc;HexA;Hex,Pent;MU;. About 20 ug of this
product (in 40 ul of D,O) were analysed by 500 MHz NMR
spectroscopy using the Nano-NMR probe. Using a combination
of 1-D and 2-D COSY, TOCSY, and ROESY experiments we
identified the main component in this sample as: ‘

GalNAca(1-4)GlcA B(1-3)Gal B(1-3)Gal f(1-4)-Xyl f(1-7)-4-MU

The novel aspect of this molecule is the presence of a
terminal aGalNAc residue at a position that is normally
occupied by B-GalNAc in chondroitin sulfate or by a«GalNAc in
heparan sulfate chains. The aGalNAc residue at this position
could influence the further extension of the glycosaminoglycan
chain.

s3

Identification of Glycosaminoglycans Using
Fluorophore-Assisted-Carbohydrate-Electrophoresis,
FACE®

R. I. Masada, E. Skop, D. Devereaux and C. M. Starr
Glyko, Inc., 81 Digital Drive, Novato, CA 94949, USA.

A simple, sensitive, monosaccharide analysis to differentiate
types of glycosaminoglycans using FACE has been developed.
Chondroitin sulfates A and C, dermatan sulfate, heparin and
heparan sulfate, and keratan sulfate were hydrolysed using
amino sugar hydrolysis conditions (4 N HCI), re-N-acetylated,
labelled with the fluorophore, 2-aminoacridone (AMAC), and
separated by PAGE. After 30 min hydrolysis, the dermatan and
keratan sulfates were readily recognizable by the presence of
labelled bands from GalNAc and iduronic acid, and GlcNAc
and galactose, respectively; whereas, both chondroitin sulfates
and heparin/heparan sulfate samples were only partially hydro-
lysed and gave a different band which we propose to be the
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desulfated disaccharides. After 3 h hydrolysis, the chondroitin
sulfates and heparin/heparan sulfates were distinguishable by
the presence of bands from GalNAc or GlcNAc, respectively.
The GIcA lactone band was present predominantly instead of
GlcA and the iduronic acid band was not detected (other
unidentified weak bands appeared). This method has been used
to differentiate the types of glycosaminoglycans from urine and
serum. Once the type of glycosaminoglycan has been estab-
lished, the position of sulfates can be determined chemically by
nitrous acid depolymerization or by reaction with specific
enzymes. For example, heparin was digested with heparinase to
yield disaccharides, and tetrasaccharides which were fluoro-
phore labelled with disodium 8-amino-1,3,6-naphthalene tri-
sulfonate (ANTS) and separated by PAGE. The positions of
the IS-IVS disaccharide standard bands from heparin have been
determined.

S3

Ceramide Glycanase Assay by Fluorescence Quenching
and Energy Transfer Using A Bi-Fluorescence-Labelled
Lactoside

Koji Matsuoka', Naoki Kimura!, Shin-Ichiro Nishimura! and
Yuan C. Lee?

! Division of Biological Sciences, Graduate School of Science,
Hokkaido University, Sapporo, Hokkaido 060, Japan.

2 Department of Biology, The Johns Hopkins University,
Baltimore, MD 21218, USA.

A bi-fluorescence-labelled lactoside as a substrate for ceramide
glycanase has been synthesized. Its structure is shown below [1].
This compound has a fluorogenic donor and an acceptor at an
N-terminal. The key steps in the synthesis of the substrate were
reductive opening of the cyclic acetal [2] and the Michael
addition to a double bond.

We found ceramide glycanase (CGase) from the leech
Macrobdella decora [3] can cleave this substrate. Upon the
enzymatic cleave of the linkage between the lactoside and the
aglycon, an increase in the donor emission and a decrease in the
acceptor emission were observed. These change can be used for

sensitive assay of CGase.
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1. Matsuoka K, Nishimura SI, Lee YC (1994) Tetrahedron
Asymmetry 5: 2335-38.
2. Garegg PJ (1984) Pure Appl Chem 56: 845-58.

3. Zhou B, Li S-C, Laine RA, Huang RTC, Li Y-T (1989)
J Biol Chem 264, 12272-77.

S3
Sequencing and Structural Analysis of Carbohydrates
Using Recombinant Glycosidases

H. I. Miller, R. 1. Masada and C. M. Starr
Glyko Inc., 81 Digital Drive, Novato, CA 94949, USA.

Glyco X1II

The combination of Fluorophore Assisted Carbohydrate
Electrophoresis (FACE) and highly specific cloned glycosidases
is a powerful tool for the sequencing of carbohydrates. We have
developed a considerable number of these enzymes and have
used them in a strategy to sequence oligosaccharides. In many
cases, we can determine not only the sequence, but the linkage
of the monomers since the enzymes exhibit linkage specificity.
With a sufficient number of enzymes, complete enzymatic
sequence and linkage analysis should be possible.

S3
Fluorescent Labelling, Separation and Sequencing of
N-Glycans

R. Nuckl,
W. Reutter!
L Institut fiir Molekularbiologie und Biochemie der FU Berlin,
Arnimallee 22, (D) 12307 Berlin, Germany.

20xford GlycoSystems Ltd, Hitching Court, Blacklands Way,
Abingdon OX14 IRG, UK.

M. Gohlke!, C. Kannicht!, S. Prime? and

The structural analysis of subnanomolar amounts of N-glycans
derived from natural and recombinant glycoproteins is of
increasing interest, as frequently only a limited amount of
material from biological sources is available. In the present
study we have investigated the suitability of three new commer-
cially available tools, comprising fluorescent labelling of oligo-
saccharides with 2-aminobenzamide, HPLC-separation and gly-
can sequencing using an array of specific exoglycosidases
(Reagent Array Analysis Method-RAAM) in conjunction with
a RAAM 2000 GlycoSequencer Workstation.

Two different approaches have been performed using &;-acid
glycoprotein as a well characterized glycoprotein. In the first
approach a total glycan pool obtained by automated hydrazino-
lysis was fluorescently labelled by reductive amination with
2-aminobenzamide (2-AB). The oligosaccharides were separ-
ated in volatile buffer by anion exchange HPLC on GlycoSep C
according to their degree of sialylation, subsequently converted
to their neutral counterparts by sialidase digestion and then
separated on APS-Hypersil. The separated N-glycans were
characterized by RAAM sequencing on gel permeation
chromatography (GPC) with automated data analysis and with
mass determination by MALDI-TOF mass spectrometry.

In a second approach, prior to fluorescent labelling, sialylated
and desialylated native N-glycans were first separated by anion
exchange chromatography on Mono Q and CarboPak PA-100
respectively and were detected as reducing oligosaccharides by
pulsed amperometric detection (PAD) at pH 13. The separated
N-glycans were each fluorescently labelled with 2-AB, fraction-
ated by GPC and characterized as described above. The latter
approach required desalting and fluorescent labelling of each of
the separated sugars and sometimes caused a partial destruction
of glycans but offered the possibility of synthesis of neoglyco-
conjugates from separated glycans in addition to structure
analysis.

In summary, the procedure of fluorescent labelling of N-
glycans with 2-AB, combined with HPLC-separation, RAAM
sequence analysis and MALDI-TOF-MS is a powerful tech-
nique which allows a fast and sensitive characterization of
subnanomol amounts (<100 pmol) of glycans.
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3
ESIMS and FABMS of Sialylated Lewis-type
Glycoconjugates

Y. Ohashil, T. 1i2, S. Kurono?, T. Ogawa*# and Y. Nagail"

L Frontier Research Program, The Institute of Phys and Chemical
Research (RIKEN), Japan.

2Research and Development Laboratory, Soda Aromatic Co.
L.

3 Laboratory of Synth Cell Chemistry, The Institute of Phys and
Chemical Research (RIKEN), Japan.

4 Faculty of Agriculture, University of Tokyo, Japan.

3The Tokyo Metropolitan Institute of Medical Science, Japan.

The Lewis-type glycoconjugates with acidic functional group(s)
at the non-reducing end are of particular interest because they
are probably ligands to selectines. Taking advantage of mass
spectrometry, which requires much smaller sample amounts
to perform detailed structural studies of large biomolecules,
we have established methods to distinguish Le*-type glyco-
conjugates from the Le*-type isomers.

In contrast to much more acidic sulfated analogues, both
positive and negative ion FAB mass spectra of sialylated
Le-type glycolipids in normal as well as in the CID-MS/MS
scanning mode indicate that charges are mostly retained on the
ceramide side. Thus formed Y-ions clearly show the sugar chain
sequences. On the other hand, (—)ESI CID-MS/MS spectra of
(M-Na)~ and (M-Na-H)?- of sialylated Le-type glycolipids-Na
salts show a line of information complementary to Y-ions
including the non-reducing end structures by B-ions, and B- and
C-ions, respectively.

These results have proved that ESIMS and FABMS are very
useful and reliable methods for structural studies of acidic
glycoconjugates, which are found in trace amounts of biological
specimens.

S3
N-Glycosylation Site Mapping of Human Plasma
a;-Antichymotrypsin

Donald A. Powell', Ron Orlando!, James Travis? and Herman
van Halbeek!

1Complex Carbohydrate Research Center and X Department of
Biochemistry, University of Georgia, Athens, GA 30602, USA.

We report the structural characterization of the carbohydrate
moiety of aj-antichymotrypsin (a;-ACT), a serine-proteinase
inhibitor (serpin) of major importance in inflammatory proces-
ses. The glycoprotein as isolated from human plasma has a
molecular weight of about 57.5kDa, determined by matrix-
assisted laser desorption ionization time-of-flight (MALDI-
TOF) mass spectrometry. The amino acid sequence of the
protein (accounting for a molecular weight of 46410 Da)
contains six potential N-glycosylation sites (N-X-S/T). To
ascertain the presence of carbohydrate at each of these sites,
a,-ACT was first cleaved by CNBr. The resulting (glyco)pep-
tides were separated by reversed-phase HPLC and analysed by
MALDI-TOF mass spectrometry before and after N-glycanase
digestion. Three glycopeptides were identified, two of which
had one occupied N-glycosylation site each. The third glycopep-
tide which contained four N-X-S/T sequences was further
cleaved by tryptic digestion. Only three glycopeptides were
identified in the tryptic digest by MALDI-TOF mass spec-
trometry before and after N-glycanase digestion, complemented
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by N-terminal amino acid sequencing. The remaining N-X-S/T
site in the CNBr-produced multiply glycosylated peptide was
retrieved exclusively as a peptide, and is thus not utilized for
N-glycosylation in a;-ACT. The structures of the oligosac-
charides on the five individual CNBr(*trypsin)-generated gly-
copeptides were characterized, where possible, by 'H-NMR
spectroscopy, carbohydrate composition analysis (both before
and after N-glycanase treatment), HPAE chromatography and
electrospray mass spectrometry (after release of the peptide).

Supported by the NIH Resource Center Grant for Bio-
medical Complex Carbohydrates (P41-RR05351).

S3

Separation of Neutral Asparagine-Linked (N-Linked)
Oligosaccharides by High pH Anion-Exchange
Chromatography with Pulsed Amperometric Detection
(HPAEC/PAD)

G. Cooper and J. Rohrer
Dionex Corporation 445 Lakeside Dr., Sunnyvale, CA 94088,
USA.

Since the publication of a paper by Hardy and Townsend [1]
describing the separation of N-linked oligosaccharides by
HPAEC/PAD, there have been many papers which report the
use of HPAEC to separate both charged and neutral mam-
malian oligosaccharides. It has been reported that HPAEC is
poor at separating mixtures of high-mannose and neutral
complex oligosaccharides [2]. In this communication we show
that an increase in eluent pH improves the HPAEC separation
of neutral N-linked oligosaccharides. Using 250 mm NaOH and
a gradient of sodium acetate we resolve a mixture of twelve
neutral and complex N-linked oligosaccharides in less than
30 min. The separation of these oligosaccharides is generally in
the order of increasing size. Two oligosaccharides with hydro-
dynamic volumes differing by only 0.1 glucose units are baseline
resolved. We show that this separation, requiring no oligo-
saccharide derivatization, is possible on either the CarboPac
PA1 or the CarboPac PA100 column.

1. Hardy MR, Townsend RR (1988) Proc Nat Acad Sci USA
85: 3289-93.

2. Anumula KR, Taylor PB (1991) Eur J Biochem 195:
269-80.

S3
Molecular Cloning of a-1,3/4-Fucosidase and an Enzyme
Specific for Type 1 Chain

M. Sano, Y. Takabatake, M. Mitta, H. Ohnogi and I. Kato
Biotechnology Research Laboratories, Takara Shuzo Co., Ltd
Seta 3-4-1, Otsu, Shiga 520-21, Japan.

Two exo-glycosidases, a-fucosidase and lacto-N-biosidase are
produced by Streptomyces sp. strain 142. a-Fucosidase specific-
ally hydrolyses Fuca1-3GlcNAc and Fuca1-4GlcNAc linkages
in Lewis* and Lewis® structures, but it cannot hydrolyse
a-2,3-sialyl Lewis* or a-2,3-sialyl Lewis? structures [1]. An
enzyme specific for type 1 chains, lacto- N-biosidase, acts from
the nonreducing termini and produces lacto-N-biose (Galfl-
3GIcNAc; 2). The substrate structure essential for enzyme
activity is the terminal lacto-N-biosyl residue without any
substitutions. These glycosidases are useful for structural and
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functional analysis of the oligosaccharides in glycoconjugates.
To identify the primary structures of these enzymes, and to
obtain recombinant enzymes free from mutual contamination,
we cloned the genes encoding a-1,3/4-fucosidase and lacto-N-
biosidase of Streptomyces sp. strain 142. Chromosomal DNA
was digested with restriction endonucleases, size-fractionated
on agarose gel, and then treated by Southern hybridization with
oligonucleotide probes, which were designed on the basis of
partial sequences of the proteins. The genes encoding a-1,3/4-
fucosidase and lacto-N-biosidase were cloned from the size-
fractionated restriction fragments by colony hybridization. Both
genes were sequenced and expressed in Escherichia coli. The
open reading frame encoding a-1,3/4-fucosidase had 1689 bp
and coded for a protein of 563 amino acids, and the open
reading frame encoding lacto-N-biosidase had 1917 bp and
coded for a protein of 639 amino acids. The recombinant
enzymes were not contaminated with each other and had the
same substrate specificities as the native enzymes.

1. Sano M, Hayakawa K, Kato I (1992) J Biol Chem 267.
1522-27.

2. Sano M, Hayakawa K, Kato I (1993) J Biol Chem 268:
18560-66.

S3

Novel Approach for the Interaction Analysis between
Sugar Chains and Carbohydrate Recognizing Molecules
using a Biosensor Based on Surface Plasmon Resonance

Y. Shinohara, H. Sota, M. Shimizu and Yukio Hasegawa
Department of R&D, Pharmacia Biotech K. K., Kami-Ohsaki,
Shinagawa-ku, Tokyo 141, Japan.

Recently, a biosensor based on surface plasmon resonance was
developed. By using this technique, we have developed a new
method for analysing the interaction between lectins and
biotin-derivatized oligosaccharides. We also applied this
method to characterize the structure of the sugar chains.

The complex type asialo-bi, tri and tetraantennary oligo-
saccharides were quantitatively converted into their biotin
derivatives by incubating them with 6-(p-biotinyl)-aminohexa-
noyl hydrazide. This method was also applicable to sialyl sugar
chains without any removal of sialic acid. The reaction mixture
could be directly injected on to the streptavidin pre-immobilized
surface of the sensor chip without any purification because of its
fairly low reagent:carbohydrate molar ratio. The required
amounts of sugar chains for the interaction analysis by this
method were as low as 1 pmol. The binding specificities of
Sambucus sieboldiana lectin, Maackia armurensis lectin, Ricinus
communis agglitinin-120 (RCA;) and Concanavalin A were
rapidly determined qualitatively by this method. Conversely,
the existences of terminal sialic acid, galactose, and N-acetyl-
glucosamine were easily detected by measuring the interaction
with those lectins. The structural information on the linkage of
sialic acid and the branch numbers of oligosaccharides could be
also determined. Furthermore, kinetic analysis of the inter-
action between RCAy, and the complex type asialo-bi, tri and
tetraantennary oligosaccharides revealed that both the associ-
ation rate constant and the dissociation rate constant (Kgs)
were reduced by increasing the number of terminal galactosyl
residues. These results suggested that kinetic parameters for the
interaction could provide useful information for structural
analysis.
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S3
Structural Characterization of the N-glycans of
Recombinant Human Factor IX

A-M. Strang, K. V. Langley, J. E. Vath and H. A. Scoble
Genetics Institute Incorporated, One Burtt Road, Andover, MA
01810, USA.

Factor IX (FIX) is a single-chain glycoprotein which circulates
in plasma as a zymogen of a serine protease. A deficiency in
FIX, or functional defect in the FIX glycoprotein, is related to
the bleeding disorder haemophilia B. During activation in the
coagulation pathway by factor XIa or factor VIla/tissue factor
complex, FIX is cleaved at Argl45/Alal4 and Argl80/Vall8! to
yield activated FIX (FIXa). Removal of this activation peptide
results in a two-chain molecule in which the C-terminal serine
protecase domain is disulfide bonded to the N-terminal y-
carboxyglutamic acid and epidermal growth factor-like do-
mains. Whilst the activation peptide is not a known component
of the coagulation cascade, post-translational modifications of
the activation peptide, or the regions flanking it, may be
important in modulating or regulating activation.

Recombinant human FIX (rhFIX) contains two consensus
sequences for N-glycosylation both within the activation pep-
tide, Asn!¥ and Asn'®’, and both are occupied. Analysis of
the PNGaseF-released N-glycans by high pH anion exchange
chromatography (HPAE) illustrates the presence of over
twenty neutral to tetrasialyl complex N-glycans. To further
assist in the identification of the HPAE-separated glycans, we
have been exploring the use of negative ion electrospray mass
spectrometry (ES/MS). Since HPAE chromatographic eluents
are incompatible with ES/MS, an on-line anion micromembrane
suppressor has been used to desalt samples prior to mass
spectrometric analysis. Based on the combination of the HPAE
and ES/MS data, the major N-glycan from rhFIX is proposed to
be a tetrasialyl tetraantennary structure with a single fucose.
Less highly branched glycans and glycans containing poly-N-
acetyllactosamine repeat units are present in less abundance.

S3

Construction and Characterization of N-Linked
Oligosaccharide Libraries From Ovalbumin and Soybean
Agglutinin

H. Stubbs, M. Da Silva, B. Sen and K. Rice
Medicinal Chemistry and Pharmaceutics, College of Pharmacy,
University of Michigan, Ann Arbor, MI 48109, USA.

Construction of libraries of different N-linked oligosaccharides
may greatly advance the testing for biological activity and
function of oligosaccharides. The isolation of a range of
N-linked oligosaccharides from glycoproteins is one strategy
that can be used to create an oligosaccharide library. The
isolation and characterization of N-linked oligosaccharides from
ovalbumin and soybean agglutinin (SBA) are described. Reduc-
ing oligosaccharides released from the protein were converted
into their glycosylamines and then coupled with t-BOC-tyrosine
N-hydroxysuccinimide ester to form the f-tryosinamide deriv-
atives. Removal of the t-BOC group facilitated the RP-HPLC
separation of oligosaccharides and in the case of ovalbumin
fifteen oligosaccharides were isolated. Ten major components
were obtained in amounts of one umol or greater. Structural
analysis by TH-NMR and FAB-MS showed the purified oligo-
saccharides had a range of structures including high mannose,
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bisecting, and complex types. SBA produced a single oligo-
saccharide, Man9, which upon incubation with mannosidase
gave an array of high mannose oligosaccharides.

The development of tyrosinamide oligosaccharide derivatives
has allowed the purification of multiple oligosaccharide struc-
tures from glycoproteins. The presence of the tyrosine also
allows the attachment of probes which enables these oligo-
saccharides to be used directly in biological assays.

S3

Equilibrium and Kinetic Parameters of the Interaction of
Peroxidase Conjugate with Strophantine of Differing
Composition with Antibodies Against Peroxidase

E. I. Tarun
Institute of Bioorganic Chemistry, Minsk, Byelorussia.

The horseradish conjugates with strophantine containing 1, 2
and 3 glycoside molecule (HRP-STR) interaction with poly-
valent antibodies against peroxidase (AntiHRP) has been
studied by homogeneous enzyme-immunoassay.

The dissociation constants (K4) of immunocomplexes [HRP-
STR:AntiHRP] increased by increasing the strophantine
molecule number in conjugates, and the rate constants of their
formation decreased by increasing -the modification degree of
the HRP. The triple complex of the HRP-(STR), conjugate
with antibodies AntiHRP and AntiSTR is characterized by the
highest K4. The equilibrium and kinetic parameters obtained
for an interaction of the HRP-(STR), with the AntiHRP clearly
reflected the variations in mass, volume and conformation of
antigen at its modification.

S3

Simple Synthesis of Fluorescent Substrates for a Capillary
Electrophoresis Based Assay of Glycosidases and
Glycosyl-Transferases Using Commercially Available
Aminophenyl-Glycosides

W. Wakarchuk, A. Cunningham and M. Gilbert
Institute for Biological Sciences, National Research Council of
Canada, 100 Sussex Drive Ottawa, Ontario K1A ORS, Canada.

The examination of glycosidase and glycosyltransferase en-
zymes often requires very sensitive detection methods. Many
assays involving radioactivity, fluorescent and chromogenic
substrates have been described. We have been developing
substrates for use in assays based on capillary electrophoresis
(CE) using a Beckman P/ACE with Laser induced fluorescence
detection (LIF). Synthesis of fluorogenic carbohydrate sub-
strates is normally time consuming and relatively difficult for
the non-specialist laboratory. We have found the commercially
available aminophenyl-glycosides provide a reasonable starting
material for the production of carboxyfluoroscein labelled
compounds which are very sensitive substrates for detection of a
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variety of glycosidases and glycosyltransferases when using
CE-LIF detection.

A variety of aminophenylglycosides were labelled, and puri-
fied using a combination of thin layer chromatography and
reversed phase HPLC so that each compound was a single peak
on the electropherograms. The sensitivity of detection was in
the range of 5 X 105 — 1 X 10° molecules of reaction product
(0.1-0.2 amol). These substrates could also be used to deter-
mine kinetic parameters.

S3

A New Method for Methylation Analysis by Using a
Simultaneous Reaction for Degradation and
Derivatization for HPLC

K. Yamamoto
Osaka Women’s University, Laboratory of Organic Chemistry,
2-1 Daishen-cho, Sakai, Osaka 590, Japan.

To avoid complicated treatment of methylation analysis for
GLC, a convenient and time-saving procedure for methylation
analysis was developed using HPLC instead of the traditional
GLC procedure.

Per-O-methylated oligo- and polysaccharides are degraded to
their constituent monosaccharides and derivatized for UV-
detection with p-nitrobenzoic anhydride simultaneously. Then
the derivatives of constituent monosaccharides are analysed by
HPLC.

S3

Capillary Zone Electrophoresis of Oligosaccharides
Derivatized with Various Amine-bearing Derivatives of
Aromatic Sulfonic Acids

L. R. Zieske, C. Chiesa, S. H. Khan, and R. A. O’Neill
Perkin Elmer, Applied Biosystems Division, 850 Lincoln Centre
Drive, Foster City, CA 94404, USA.

Amine-bearing derivatives of aromatic sulfonic acids are partic-
ularly appealing for pre-column derivatization in the analysis of
oligosaccharides by capillary electrophoresis. They provide
carbohydrates with both fluorescence detectability, as well as an
overall negative charge over a wide pH range. The effect of
degree of charge on speed of analysis and resolution of
malto-oligosaccharides derivatized with different mono-, di- and
trisulfonic acids was studied. The relationship between electro-
phoretic mobility and molecular structure was also investigated
for differently derivatized oligosaccharides. The presence of a
strong charge on sulfonate groups under both acidic and
alkaline conditions allowed the use of variously composed
buffers, exploiting different properties of derivatized oligo-
saccharides for their separation. This enabled us to compile
multi-dimensional maps of relative migration times for N-linked
oligosaccharides cleaved from various glycoproteins.
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S4

Carbohydrate Sequencing of an N-Glycosylation Site in
Recombinant Chimeric BR96 Monoclonal Antibody Using
the Reagent-Array Analysis Method

P. W. Cash, E. S. Wentz, B. J. Root and G. I. Tous
Bristol-Myers Squibb Company, Syracuse, NY, USA.

Chimeric BR96 is a monoclonal antibody produced by homo-
logous recombination which binds to the Lewis Y antigen found
in the surface of various human carcinomas. Each of the heavy
chains of human immunoglobulin G (IgG) contains an aspara-
gine-linked (N-linked) oligosaccharide in its Fc portion (Clamp
et al., 1964). The structure of the primary oligosaccharide
present on one lot of recombinant chimeric BR96 was identified
by the reagent-array analysis method (RAAM) and confirmed
by monosaccharide compositional analysis and MALDI-TOF.
The oligosaccharides on Chimeric BR96 monoclonal antibody
were released with hydrazine using the Oxford Glycosystems
GlycoPrep 1000. The free oligosaccharides were reduced and
radiolabelled using sodium borotritide. The oligosaccharides
were then purified by size exclusion chromatography through a
P-4 column and separated peaks were collected. The primary
peak was sequenced using the reagent array analysis method
(RAAM) (Edge et al., 1992). RAAM involves dividing the
purified oligosaccharide into nine different aliquots. Each of the
aliquots is then incubated with a different pool of exoglycosi-
dases containing specific enzymes (an enzyme array). After
incubation, the aliquots are combined and separated through a
P-4 column by hydrodynamic volume. The resultant ‘finger-
print’ will be specific for each oligosaccharide. The structure
was confirmed by monosaccharide compositional analysis and
MALDI-TOF mass spectral analysis.

S4
Novel Oligosaccharide Structures are Indicated in Rat
Brain

Y.-J. Chen, D. J. Harvey, G. R. Guile, B. Matthews, S. E.
Zamze, R. A. Dwek and D. R. Wing

Glycobiology Institute, Department of Biochemistry, University
of Oxford, South Parks Road, Oxford OX13QU, UK.

Increasing evidence shows that complex oligosaccharides play
important roles in recognition processes. The brain, by virtue of
its enormous cellular and structural complexity, is an ideal
tissue for candidate novel glycans within its oligosaccharide
repertoire.

A tissue glycan library was prepared from a defatted prepara-
tion of rat brain by the method of anhydrous hydrazinolysis.
Bio-Gel P4 gel permeation chromatography was used to separ-
ate neutral oligosaccharides (retarded) from acidic (voided).
Most neutral glycans showed N-linked characteristics, with
hydrodynamic volumes between 8.6 glucose units (GU) and
24 GU. Less abundant were neutral glycans in the range
3-8.6 GU. Monosaccharide compositional analyses of samples
from the two glucose unit regions 3.5-5 GU and 6-8 GU were
carried out by GC-MS of the trimethylsilyl(TMS)-1-O-methyl
glycosides. These indicated the presence of mannose and

glucose as major hexose constituents, and also the presence of
the pentose, xylose. Matrix assisted laser desorption/ionization
mass spectrometry of these two samples of 3.5-5 GU and
6—8 GU suggested that there were novel isobaric monosac-
charide compositions within the 500-1400 Da range containing
not only hexose, N-acetylhexosamine and deoxyhexose sugars
but also showing the monosaccharide, pentose. It is already
known that oligosaccharides are present in the brain carrying,
unusually, an O-linked reducing terminal mannose [1]. The
present results indicate further novel biosynthetic routes on
these and related structures.

1. Krusius T, Finne J, Margolis RK, Margolis RU (1986) J Bio!
Chem 261: 8237-42.

S4
Novel Structures and Location of N-Linked Sugar Chains
in Aspergillus niger Crystalline a-Glucosidase

S. Chiba, A. Kimura, T. Takayanagi' and K. Ajisaka!
Department of Applied Bioscience, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan.

1 Meiji Institute of Health Science, Meiji Milk Products Co.,
Ltd., 540 Naruda, Odawara 250, Japan.

An a-glucosidase was crystallized from a commerical enzyme
source (Transglucosidase Amano). The A. niger a-glucosidase
(ANG) is composed of two subunits, P1 (MW, 3.3 x 10¢) and
P2 (MW, 9.8 x 10%) which are separable only by RP-HPLC.
ANG is a glycoprotein containing 25.5% carbohydrate [1].
There are 24 modified amino acids in P1 and P2, which cannot
be identified by Edman’s method [2]. Fifteen of them were
estimated to be N-glycosylated, because each sequence showed
-Asn-X-Ser/Thr-, except for Ser-296 in P2: the Asn was
deduced from the nucleotide sequence, and X was an optional
amino acid. ANG was treated with N-glycosidase F, and seven
oligosaccharide fractions were isolated by HPLC; one of them
consisted of two components. The structures of the oligo-
saccharides were determined by 'H-NMR and compositional
analysis. Three structures of the sugar chains were identified to
be MangGIlcNAc;, MangGIcNAc, and GlcMangGlcNAc,. Each
of the other four oligosaccharides contains an a-p-galacto-
furanosyl residue (Galf) linked to Man vig an a-1,2-linkage.
The structures were determined to be GalfMansGlcNAc;,
GalfMangGIcNAc,, GalfMan,GlcNAc,, and GalfMang-
GIcNAG;,. Another structure remains unidentified. The position
of linkage of Galf residue in these sugar chains is identical with
the oligosaccharides, GalfMan,GIlcNAc, and GalfMans-
GlcNAc,, first isolated from an a-galactosidase of the same
origin [3]. Three sugar chains having Galf, except for Galf-
Mans;GIcNAc,, are novel structures. A structure of them,
GalfMangNAc,, is as follows:

Miml —»2Mam1 ~
Maal

Gifl —pMmal ¥ N
Mapl —>»4GENAIl —> 4GINAc

3
Maol —p 2Maal — 2Manol 7
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1. Kita A et al. (1991) Agric Biol Chem 55: 2327,
2. Kimura A et al. (1992) Biosci Biotech Biochem 56: 1368.
3. Takayanagi T et al. (1992) Glycoconjugate J 9, 229.

S4
Unusual Oligosaccharides from Bovine Lung: N-Linked
Glycosaminoglycans

M. D. Christ', K. E. Norgard-Sumnicht!, D. Toomre?,
L. Roux!, A. Manzi!, H. H. Freeze? and A. Varki!
1Glycobiology Program, Cancer Center, University of
California, San Diego, CA, USA.

2La Jolla Cancer Research Foundation, La Jolla, CA, USA.

Glycosaminoglycan chains are thought to be attached to pro-
teins almost exclusively via O-linkages. We previously reported
evidence for small quantities of ‘N-linked glycosaminoglycans’
in bovine pulmonary artery endothelial cells [1]. Since a major
fraction of the intact lung consists of endothelial cells we
reasoned that bovine lung might be a rich source of similar
molecules. Here, we describe the isolation and characterization
of a collection of these unusual N-linked glycosaminoglycan
structures from bovine lung acetone powder. The molecules are
specifically released from proteins by Peptide:N-Glycosidase-F
and account for ~10% of the released oligosaccharides. The
specificity of the enzyme and the identification of N-acetyl-
glucosamine at the reducing end clearly establish the presence
of an N-linked core structure in these molecules. Treatments
with heparinase, heparitinase, chondroitinases AC and ABC,
and keratanase show that heparin/heparan sulfate, chondroitin
sulfate, and keratan sulfate chains are attached to the core
region. Some of these N-linked glycosaminoglycan structures
possess at least two structurally distinct GAG species, e.g.
heparin and chondroitin sulfate, attached to a single N-linked
core. Interestingly, compositional analysis of these N-linked
glycosaminoglycans indicates that xylose is present; however,
the xylose moieties are not located at the reducing end as is
typically found in O-linked GAGs. Presently, we are concen-
trating our efforts on establishing the linkage structure of the
core region in order to identify the attachment site between the
GAG chains and the core region.

1. Roux et al. (1988) J Biol Chem 263: 8879-89.

S4
Sialoglycoproteins of Nucleated (Chicken) Erythrocytes

M. Duk, H. Krotkiewski and E. Lisowska

Department of Immunochemistry, Ludwik Hirszfeld Institute of
Immunology and Experimental Therapy, Polish Academy of
Sciences, 53-114 Wroclaw, Poland.

Glycophorins of human and some animal erythrocytes have
been widely studied. However, there are no data on glyco-
phorins of nucleated avian erythrocytes, most probably due to
the more complex isolation procedure. Therefore, glycophorins
of chicken erythrocytes were isolated, purified and character-
ized by SDS-PAGE, lectinoblotting and carbohydrate analysis.
Electrophoretic fractionation of the crude membrane phenol-
water extract, or of purified glycophorins, revealed three
PAS-positive bands migrating as 70, 45 and 23 kDa molecules
(the M, was determined by comparison with the electrophoretic
mobility of human glycophorins, taking into account their
approximate MWs calculated from the primary structures).
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Carbohydrate composition of chicken glycophorins and methyl-
ation analysis of their B-elimination products indicated that the
major O-linked structures are di- and monosialylated Gall-
3GalNAc- chains. The complex-type N-linked glycans were also
present, including the biantennary chains with bisecting
GlcNAc residue, and tri- or tetraantennary chains. The binding
patterns of peanut agglutinin (PNA, anti-TF) and Vicia villosa
lectin (VVL, anti-Tn) to chicken glycophorins in the blots
confirmed the structure of O-glycans. All glycophorin bands
showed the binding of PNA in desialylated blots only, and the
binding of VVL in desialylated/Smith-degraded blots. More-
over, both lectins detected an additional 54 kDa band with the
same lectin-binding properties. Interestingly, VVL also showed
a weak binding to 70 and 45 kDa bands in the desialylated
blots. Re-electrophoresis of the individual glycophorin species
eluted from the gel suggested that 45 and 23 kDa bands are (at
least partly) a dimer and monomer of the same glycoprotein,
while the 70 kDa band represents a monomer of another
glycoprotein. The relatively high M, of this glycoprotein (over
100000 when compared with conventional protein markers)
raised the possibility that nucleated erythrocytes may contain
leukosialin in addition to glycophorins. To find evidence for this
suggestion, the preparation of rabbit antisera against individual
electrophoretic chicken sialoglycoprotein species and immuno-
chemical analysis of these species are in progress.

S4
Characterization of Oligosaccharide Structures of
a;-DSPA Expressed in Chinese Hamster Ovary-Cells

M. Gohlke!, R. Nuck?, C. Kannicht!, D. Grunow!, G. Baude?,
P. Donner? and W. Reutter!

t Freie Universitiit Berlin, Institut fiir Molekularbiologie und
Biochemie, Arminallee 22, 14195 Berlin, Germany.

2Scherling AG, Miillerstrafie 170-178, 13342 Berlin, Germany.

The glycoprotein a;-DSPA (Desmodus rotundus salivary plas-
minogen activator) is a plasminogen activator derived from the
vampire bat desmodus rotundus. In contrast to other plasmino-
gen activators, a;-DSPA reveals strict fibrin specificity, a
desirable attribute for thrombolytic therapy.

We investigated the unknown carbohydrate moiety of the two
individual N-glycosylation sites of a;-DSPA expressed by
CHO-cells. Due to the wide structural homology to t-PA
(tissue-type plasminogen activator) a similar glycosylation of
a;-DSPA was expected. o;-DSPA was reduced, carboxy-
methylated and digested with trypsin. Peptides were separated
by reversed phase HPLC. Glycopeptides were identified by
monosaccharide analysis using anion exchange HPLC with
pulsed amperometric detection (HPAEC-PAD) and by N-ter-
minal sequencing. Oligosaccharides, enzymatically released by
PNGase F, were separated by anion exchange chromatography
according to their number of charges. Mainly neutral, mono-
charged and some bicharged glycans were detected. Separation
of desialylated glycans by HPAEC-PAD revealed up to 10
different oligosaccharides for each glycosylation site. Analysis
of individual oligosaccharides comprised mass-determination by
MALDI-TOF-MS (matrix assisted laser desorption ionization
time of flight mass spectrometry), monosaccharide analysis by
HPAEC-PAD and linkage analysis by GC-MS (gas chromato-
graphy-mass spectrometry). For sequencing, glycans were
fluorescence labelled with 2-aminobenzamide, digested by sev-
eral mixtures of exoglycosidases and applied to gelchromato-
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graphy. Computer assisted analysis suggested a structure of the
original glycan. Summarizing all results, glycosylation site 1 was
found to contain exclusively complex type oligosaccharides with
bi, tri 224, tri 226 branched and tetraantennary structures,
which were almost completely core fucosylated. In contrast to
t-PA, glycosylation at Asn 117 contained not only high mannose
and hybrid structures but complex type glycans. Main com-
pound was the biantennary complex type sugar.

S4
Synthesis and Structure of Human Salivary Mucin
O-Linked Glycopeptides

T. L. Gururaja, P. A. Raj, N. Ramasubbu, and M. J. Levine
Department of Oral Biology, School of Dental Medicine, State
University of New York, Buffalo, NY 14214, USA.

Human salivary mucins protect the oral tissues by providing a
physical barrier to environmental agents. They possess visco-
elastic properties essential for lubrication and participate in the
modulation of the oral flora. Chemical synthesis of salivary
mucin (MG2) O-linked glycopeptides were undertaken to
delineate O-glycosylation patterns which are important in
mucin’s biological activity and to study the effect of the
carbohydrate moiety on the peptide backbone conformation.
The 23 amino acid tandem repeat sequence of MG2 was used as
a template to design mucin analogues. Two glycopeptides,
APPETTAAP-OMe (T = glycosylated Thr) and PAPPSSSAP-
OMe (S = glycosylated Ser) were prepared by solid phase
synthesis using both Fmoc and t-Boc strategies. Glycosylated
derivatives, Fmoc-Thr-[Ac,;-a-D-GalpN;)]-OPfp and Fmoc-Ser-
[Acs-a-D-GalpN;)]-OPfp, were synthesized following the re-
ported procedures and then incorporated into the tandem
repeat to obtain glycopeptides having carbohydrate moiety on
the desired Thr or Ser residues. The azide reduction was
performed with thioacetic acid on the polymer bound glycopep-
tides. Corresponding apopeptides were also synthesized for
comparison studies. Cleavage from the resin, deprotection and
purification of the glycopeptides and apopeptides were carried
out and their subsequent structural characterization was
achieved by TH-NMR.
This work was supported by USPHS Grant DE07585.

1. Bobek et al. (1993) JBC 268: 20563.

S4
Modification of O-Fucose Moieties with a f-Linked
Glucose in CHO Cells

Daniel Moloney, Angy I. Lin and Robert S. Haltiwanger
Department of Biochemistry and Cell Biology, SUNY-Stony
Brook, Stony Brook, NY 11794-5215, USA.

Several serum proteins have recently been reported to be
modified with an O-linked fucose at conserved sites in EGF
domains. We are examining this form of glycosylation on
endogenous proteins in CHO cells. A portion of the [*H]-fucose
metabolically incorporated into macromolecular material in
these cells can be released by alkali-induced B-elimination. The
B-eliminated material exists as two species. The major species
corresponds to fucitol, and the minor species appears to be
fucitol modified with a S-linked glucose. Previous workers [1]
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demonstrated the presence of Glcf1,3Fuc-O-Ser/Thr amino
acid glycosides in extracts of several cell types, including rat
liver, over a decade ago. We believe that we have identified
similar structures in CHO cells. Other workers have shown
the presence of an O-fucose containing tetrasaccharide
(Siaa2,6Galf1,4GlcNAcB1,3Fuc-O-Ser®!) on human factor IX
[2]. It is not clear yet whether CHO cells also synthesize a
similar tetrasaccharide. We are currently examining whether
the Glep1,3Fuc disaccharide modification exists on a discrete
subset of proteins modified with O-fucose or if it occurs at low
levels on all O-fucose proteins. In addition, we are beginning
studies on the novel enzymes involved in the O-fucose pathway.
This work was supported by NIH Grant GM 48666.
1. Klinger et al. (1981) J Biol Chem 256: 7932.
2. Harris et al. (1993) Biochemistry 32: 6539.

S4

Glycosyl Imidates: A Stereoselective, Facile Synthesis of
Oligomers as Allyl Glycosides Related to Antigenic
Determinants of Bacterial O-Lipopolysaccharides (LPS)
for Conversion into Neoglycoconjugates (NGCs)

N. K. Khare, S. S. Srivastav, A. Khare
Department of Chemistry, Lucknow University, Lucknow-
226 007, India.

Study in the field of complex oligosaccharides related to
bacterial O-LPS has proven to be a principal part of many
biological and medical studies in recent years. The synthesis of
oligosaccharides in combination with the strategies for the
covalent attachment of these hapten to a solid support permits
the use of these compounds as substitutes for polysaccharides of
bactefial origin in several serological tests and eventually as
vaccines.

Escherichia Coli (E. coli) and Salmonella serotype (C, and
C3), the typical opportunistic bacilli which function as important
human pathogens have been chosen for the present study. The
initial steps for the synthesis of the immunodominant regions of
the above potential antigen involved the synthesis of derivatives
of sugars viz. p-Glc; p-Man and -Rha; involving modern regio-
and stereoselective protecting group strategies. Special care was
taken with the substitution of various hydroxyl groups in the
glycosyl derivatives as they influence the reactivity of the
various reactants in glycosidation reactions. Thus, a-L-Rha-
(1> 3)-&-p-Manp and «&-1-Rha-(1 — 2)-a-D-Manp were syn-
thesized with the objective of gaining a detailed insight into the
structural requirement for studying the pharmacological para-
meters of the biological repeating units of bacterial O-LPS viz.
E. coli and Salmonella serotype (C, and C;) respectively using
the trichloroacetimidate method of glycosidation. Likewise,
a-L-Rha-(1 — 6)-a-pD-Manp-(4 < 1)-a-1.-Rha were also syn-
thesized. The key feature in glycosylation path involved stereo-
chemical activation of a 2,3,4 tri- O-acetyl- @-L-rhamnopyranosyl
trichloroacetimidate donor intermediate in the presence of a
Lewis acid catalyst such as BF;-etherate which with the help of
an O-acyl group at C-2 complied 1,2-trans-O-interglycosidic
linkages exclusively. The various di- and trisaccharides were
synthesized in the form of allyl glycosides for the subsequent
covalent attachment to protein such as bovine serum albumin
(BSA) via ozonolysis and reductive amination. Such com-
pounds are expected to be potentially useful in immunological
and immunochemical studies of these carbohydrate antigens.
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Structure of the Main Saccharide Chain of the Acrosome
Reaction-Inducing Substance (ARIS) in the Egg-Jelly of
Starfish, Asterias amurensis

K. M. Swarna Wimalasiri!, Souichi Koyota and Motonori Hoshi
Department of Life Science, Tokyo Institute of Technology,
Yokohama 226, Japan.

1 Department of Chemistry, University of Peradeniya, Sri Lanka.

The acrosome reaction (AR) is a prerequisite for fertilization in
various animals including mammals. In starfish, three compo-
nents of the egg jelly are responsible for triggering the AR,
of which a sulfated glycoprotein named acrosome reaction-
inducing substance (ARIS) is the key signal molecule. The
activity of ARIS is mostly due to sulfated sugar chains.

An actinase digest of ARIS from A. amurensis was purified
by ion exchange chromatography on DEAE Toyopearl 650M.
The major fraction consisting sulfated sugar chains was biologic-
ally active at a concentration of 5 ugmi~! and was further
studied. The structure of the saccharide chain was found to be a
linear polymer of 1— 4-linked B-xylopyranosyl,1 — 3-linked
a-galactopyranosyl,1 — 4-linked a-fucopyranosyl and 3-linked
a-fucopyranosyl with 4-O-sulfation in a molar ratio of 1:1:1:2 as
its repeating structural unit using chemical analysis together
with NMR spectroscopy.

S4
Sulfation of Human Respiratory Mucins

G. Lamblinl, J.-M. Lo-Guidice!, J.-M. Wieruszeski? and
P. Roussel!

LINSERM No 377, Lille, France.

2UMR No 111 CNRS, Villeneuve d’Ascq, France.

Abnormal mucin sulfation has been observed in respiratory
mucins from patients suffering from cystic fibrosis (CF). In
order to define the sulfotransferases involved in the biosynthesis
of human respiratory mucins and their possible abnormalities in
CF, it is important to determine the precise localization of
sulfate on carbohydrate chains from CF and non-CF respiratory
mucins.

The structural determination of sulfated oligosaccharides-
alditols from human respiratory mucins has shown that sulfation
may occur either on the C-3 of a terminal galactose (Gal)
residue or on the C6 of an N-acetylglucosamine residue. These
data suggest that the sulfation of human respiratory mucins
involves at least two sulfotransferases.

A Gal-3-O-sulfotransferase activity able to transfer a sulfate
group from PAPS on to methyl galactosides or terminal
galactose residues of carbohydrate chains from human respira-
tory mucins has been found in microsomal fractions prepared
from human respiratory mucosa. The reaction products were
identified by high performance anion-exchange chromato-
graphy.

Using methyl S-galactoside as a substrate, the optimum
activity was obtained with 0.1% Triton X-100, 30 mm NaF,
20 mm Mn?** and 10 mM AMP in a 30 mm MES buffer at pH
6.1.

This enzyme had more affinity for carbohydrate chains with a
terminal Galf1-4GIcNAc sequence than for methyl f-galacto-
side.

This work has been supported by the Association Francaise
de Lutte contre la Mucoviscidose.
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S4

Structure and Function of Sulfated Oligosaccharides
Derived from Acrosome Reaction-inducing Substance
(ARIS) of Starfish

T. Okinaga, K. Hiruma, H. Hashimoto and M. Hoshi
Department of Bioscience, Tokyo Institute of Technology,
Japan.

Sperm of most animals must undergo acrosome reaction, an
exocytic event, prior to cell membrane fusion with an egg
during fertilization. Acrosome reaction is induced by sub-
stance(s) in the extracellular egg coat. However the molecular
nature of the molecule(s) triggering the acrosome reaction is
not characterized in most animals but has been in starfish. In
the starfish, Asterias amurensis, acrosome reaction is induced
by three components; sulfated glycoprotein of an extremely
large molecular size, a group of sulfated steroid saponins and a
group of peptides. Among them the glycoprotein plays the main
role in inducing acrosome reaction and is named ARIS. Pronase
digest of ARIS (P-ARIS) shows the full activity of ARIS,
indicating the importance of sugar chains in the induction of the
acrosome reaction.

P-ARIS mainly consists of -4Xyl1-, -3Gall-, -4Fucl-, -3Fucl-
and -3,4Fucl-, which were determined by methylation analysis.
Mild acid hydrolysis (10 mm H,SO,, 100°C, 1h) of P-ARIS
liberated several oligosaccharides. The major one was elucid-
ated by compositional analysis and FAB-MS. To overcome
difficulties in determining anomers and the position of the
sulfate group several predicted saccharides were synthesized
and compared with a natural one. It was determined to be
XylB1-3Galal-3(4SO3)Fuc. The precise structures of mono-
sulfated tetra- and pentasaccharide are now under investigation.

Egg jelly induces acrosome reaction in sea water whereas
ARIS alone is enough in high Ca?+ or high pH sea water.
Treatment of sperm with only ARIS in sea water insensitizes
them for the induction of acrosome reaction by jelly solution.
Most of ARIS-derived and synthetic sulfated oligosaccharides
insensitized spern but to different degrees.

S4

Detailed Structural Analysis of a Novel, Specific O-Linked
Glycan from Secreted Flavobacterium meningosepticum
Glycoproteins with Asp-Ser* and Asp-Thr*-Thr
Consensus Sites

B. B. Reinhold!, V. N. Reinhold?, C. R. Hauer?, A. L.
Tarentino? and T. H. Plummer Jr?

1 Department of Nutrition, Harvard University School of Public
Health, 665 Huntington Avenue, Boston, MA, 02115, USA.

2 Division of Molecular Medicine, Wadsworth Center for
Laboratories and Research, New York State Department of
Health, Albany, NY 12201-0509, USA.

Prokaryotic extracellular glycoproteins with O-linked oligo-
saccharides at specific consensus sites have never been de-
scribed. We report a new type of O-linked oligosaccharide on
several proteins secreted by the Gram-negative bacterium
Flavobacterium meningosepticum, including Endo F, (3 sites),
Endo F; (1 site) and a P40 protease (1 site). The oligosac-
charide moiety is covalently attached via a mannose residue to a
serine or threonine at consensus sites corresponding to Asp-
Ser* or Asp-Thr*-Thr. Preliminary characterization by mass
spectroscopy revealed an oligosaccharide of 1244 Da at each of



418

the proposed glycosylation sites. Collision-association dissoca-
tion analysis showed a characteristic daughter ion series of m/z
218, 394, and 556, indicative of a common Flavobacterium
oligosaccharide. The singly branched structure contained seven
residues including three different uronyl analogues, a methyl-
ated rhamnose and mannose, a glucose, and a reducing terminal
mannose. One pyranose ring forms were detected. The prop-
osed structure was supported by a combination of isotopic
labelling, composition and methylation analysis, and the pre-
paration of several chemical analogues and derivatives with
each product evaluated by MS and CID.

S4

Characterization of Sulfated N-glycans from Recombinant
Human Erythropoietin Expressed in Chinese Hamster
Ovary Cells

G. N. Rogers!, 1. Fuller!, K. Aoki!, S. Asher!, H. van
Halbeek?, and T. W. Strickland!

1 Amgen Inc., Amgen Center, Thousand Oaks, CA 91320, USA.

2Complex Carbohydrate Research Center, University of Georgia,
Athens, GA 30602, USA.

A portion of the N-glycans present on recombinant human
erythropoietin (tHuEPO) expressed in Chinese hamster ovary
cells have been found to carry a sialidase resistant charge that
was tentatively identified as a sulfate ester based on a variety of
analysis including metabolic labelling with [3S]-sulfate. While
the sulfates appear to be distributed over all species of
N-glycans typically present on rHuEPO, a major fraction (c.a.
56% of the sulfated species) was isolated and initially character-
ized as a core fucosylated tetra-antennary oligosaccharide with
one sulfate residue. Examination of this fraction by 'H-NMR
revealed the following structure:

Galp1—4GIcNACB1—6

GalB1—4GIcNAcf1—2Mana1—6 | Fucal—6
(SO3)—6 Manp 1—4GlcNAcB1—4GlcNAC

GalB1—4GIcNACB1—2Mana1—3/

Galp1—4GIkcNACB1—4/

Based on these findings a scheme involving digestion with a
variety of exoglycosidases, chemical desulfation by mild metha-
nolysis, and BioGel P4 chromatography was developed and
used to provide evidence for a similar site of attachment on the
other mono-sulfated N-glycans from rHuUEPO.

S4
Differential N-Acetylgalactosaminylation of Bovine and
Human Mammary Epithelial Glycoproteins

T. Sato!, A. KobataZ, D. E. Greenwalt3 and K. Furukawa?
1 Department of Biochemistry, Institute of Medical Science,
University of Tokyo, Tokyo 108, Japan.

2Tokyo Metropolitan Institute of Gerontology, Tokyo 173,
Japan.

3 Holland Laboratory, American Red Cross, Rockville, MD
20855, USA.

We have previously reported that most bovine milk fat globule
membrane (MFGM) glycoproteins contain N-linked sugar
chains with GaINAcf1 — 4GIcNAc structure [1]. The N-acetyl-
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galactosaminylated sugar chains were not detected in glyco-
proteins of the bovine mammary epithelial primary cultured
cells which do not produce any type of caseins, suggesting that
the expression of the disaccharide structure is associated with
the functional development of the tissue. In contrast, no human
MFGM glycoproteins were shown to contain the N-acetylgalac-
tosaminylated sugar chains. However, lectin blot and structural
analyses of N-linked sugar chains from MRK-nu-1 cells estab-
lished from a human breast tumour revealed that many
glycoproteins contain the sugar chains with GalNAc-
Bl — 4GIcNAc structure, to which WFA lectin binds. Lectin
blot analyses of glycoprotein samples from normal human
breast tissue and human breast cancer showed that both
samples contain WFA-reactive bands though the number of
WFA-positive bands is smaller in the normal sample. Since no
WFA-positive bands were detected in the human MFGM
preparation [1] and since the normal breast tissue is rich in
adipocytes, the WFA-positive glycoproteins may be derived
from adipocytes in the normal tissue. These results indicate that
the differential N-acetylgalactosaminylation of bovine and hu-
man mammary epithelial glycoproteins may be due to the
differential regulation of N-acetylgalactosaminyltransferase ac-
tivity in these animals.

1. Sato T, Furukawa K, Greenwalt DE, Kobata A (1993)
J Biochem 114: 890-900.

5S4

A Precise Structural Analysis of Fertilization-associated
Carbohydrate-rich Glycopolyprotein from the Eggs of
Tribolodon hakonensis (Dace). Tetraantennary N-glycans
with highly sulfated poly-N-acetyllactosaminyl chains

T. Taguchi', K. Kitajima!, M. Iwasaki?, S. Inoue?, K.-H.
Khoo?, H. R. Morris®, A. Dell3, and Y. Inoue!?

1 Department of Biophysics and Biochemistry, Graduate School
of Science, University of Tokyo, Japan.

2School of Pharmaceutical Sciences, Showa University, Japan.

3 Department of Biochemistry, Imperial College of Science,
Technology and Medicine, London, UK.

In the last several years we have been involved in the detailed
studies of structure, biosynthesis, and physiological function of
cortical alveolar-derived carbohydrate-rich glycopolyproteins
(hyosophorin) originated from teleost fish eggs. In this Sympo-
sium, we present the precise structural analysis of a novel type
of bulky tetraantennary N-linked glycan ({M;) = 10 K) present
in the hyosophorin molecules isolated from the unfertilized eggs
of Tribolodon hakonensis (a dace). By methylation analysis,
endo-B-galactosidase digestion, hydrazinolysis-nitrous acid de-
amination, mild methanolysis, FAB-MS spectrometry, and
'H-NMR spectroscopy, the glycan chains were shown to have
the skeletal poly-N-acetyllactosamine sequences which were
frequently branched at the Gal residues [GIcNAcSl —
3(GalBl — 4)GalB1 — 4] and 6-O-sulfated at multiple numbers
of GlcNAc residues. The possible biological significance of the
expression of such multiple numbers of sulfate groups on a
single multiantennary glycan unit is discussed with special
reference to the unique structures of hyosophorins from other
fish species [1-3].

1. Taguchi et al. (1993) J Biol Chem 268: 2353—-62.

2. Taguchi et al. (1994) J Biol Chem 269: 8762-71.

3. Taguchi et al. (1995) submitted.
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Characterization of Heparan Sulfates by '"H-NMR and CE
Analysis

T. Toida'2, T. Imanari!, R. E. Hileman? and R. Linhardt?

1 Faculty of Pharmaceutical Sciences, Chiba University, Chiba,
Japan.

2 Division of Medicinal and Natural Products Chemistry, College
of Pharmacy, University of Iowa, lowa City, IA, USA.

A study on the structure of porcine heparan sulfate using
500 MHz 'H-NMR spectroscopy and capillary electrophoresis is
presented. The distribution of heparan sulfate in porcine tissues
varied considerably. Structural diversity exists between renal
heparan sulfate and intestinal mucosal heparan sulfate. Quanti-
tative and qualitative 'H-NMR determination was acquired with
particular attention to the proton signals of the O-sulfated, and
N-sulfated carbon atoms. An equatorial proton attached to
2-O-sulfated carbon of iduronate residue was observed at
0.9 ppm downfield compared to that attached to unsulfated
catbon. In contrast, an axial proton binding to N-sulfated
carbon of the glucosamine residue was found at 0.7 ppm upfield
compared to that of the N-acetylated glucosamine. One dimen-
sional differential NOE experiments on an intact heparan
sulfate chain was used to detect and identify minor signals in the
spectra. A novel structural feature in renal medullary heparan
sulfate was also demonstrated by both 'H-NMR and capillary
electrophoresis. Heparin lyase digestion of heparan sulfate
followed by capillary electrophoresis also confirmed saccharide
composition and structure. Both analytical methods showed the
content of sulfate ester groups and of iduronic acid residues in
each heparan sulfate isolated from different porcine organs.
These results suggest that the biosynthesis, of heparan sulfate in
different porcine tissue, is differentially controlled.

S4
Unusual Oligosaccharides from Bovine Lung: Carboxylic
Acids on Desialylated N-linked Oligosaccharides

Derek Toomre!, K. E. Norgard-Sumnicht!, L. Roux!,
A. Manzi!, H. H. Freeze? and A. Varki!

LGlycobiology Program, Cancer Center, University of
Cualifornia, San Diego, CA, USA.

2La Jolla Cancer Research Foundation, La Jolla, CA, USA.

We have previously shown that bovine pulmonary artery
endothelial cells contain a diverse family of sulfated and
sialylated anionic N-linked oligosaccharides [1]. This prompted
us to characterize the ‘library’ of Peptide:N glycosidase F-
released N-linked oligosaccharides from bovine lung, an abun-
dant source of endothelial cells. Radiolabelled glycans of both
low or high negative charges were prepared and partially
characterized. The oligosaccharides with low anionic charge
were studied by complementary techniques including: (i) mono-
saccharide compositional analysis; (ii) linkage analysis; (iii)
sulfate content; (iv) lectin affinity chromatography; (v) charge
composition analysis; and (vi) neutralization of sulfate, phos-
phate, and carboxylic acid groups. The N-linkage of the
oligosaccharides was confirmed by the presence of only [3H]N-
acetylglucosaminitol in the NaB[*H];-reduced molecules. Furth-
ermore, the core of these structures indicates the expected
tri-mannosyl chitobiose core, and suggest a prevalence of tri- or
tetraantennary structures. Surprisingly, although a substantial
amount of sialic acid was present, the majority (~65%) of
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remaining negative charge on the desialylated oligosaccharides
could not be attributed to either phosphate or sulfate groups.
However, most of these charges could be reversibly neutralized
by various chemical treatments specific towards carboxylic acid
groups, including methyl esterification. Furthermore, anionic
charge profiling indicates the presence of multiple carboxylic
acid groups on the same N-linked oligosaccharide, not due to
sialic acids. Further studies are underway to identify the exact
nature of these unusual anionic residues.

1. Roux et al. (1988) J Biol Chem 263: 8879-89.

S4
Sequence Analysis of N- and O-linked Carbohydrates in
Human Urinary Bikunin

H. Toyoda, T. Toida and T. Imanari
Faculty of Pharmaceutical Sciences, Chiba University, Yayoi
1-33, Inage, Chiba 263, Japan.

Bikunin, which has protease inhibitory activity, is held together
with heavy chains via a chondroitin sulfate, to form members of
the inter-a-trypsin inhibitor family in human blood plasma. We
have previously given evidence that low-sulfated chondroitin
4-sulfate (LSC), which is the major glycosaminoglycan in blood
plasma, is covalently bonded to core-protein of bikunin. It
contains the LSC and an N-linked oligosaccharide. By using
the pyridylamino-method, we confirmed the structures of
the N-linked oligosaccharides in human urinary bikunin:
(Neu5Ac)a2-6Galf1-4GIcNAcS1-2Manal-3[(+NeuSAc)a2-6
Galp1-4GlecNAcfS1-2Manal-6]Manf1-4GIlcNAcS1-4GIcNAc.
Furthermore, we characterized the LSC from human urinary
bikunin. With hyaluronidase SD (from Streptococcus dysgalac-
tige) digestion, ADi-0S and oligosaccharides that contain the
linkage region were obtained from LSC. We revealed that the
LSC is a unique type of the chondroitin sulfate having
localization of 4-O-sulfo GalNAc residues around the linkage
region based upon the structural analyses of the oligosac-
charides. Recently, charge isomers of urinary bikunin have
been found, and we then examined the structure of I.SC from
each isomer. It is worth noting that common linkage legions,
GlcA B1-3Gal(48)81-3Galfl-4xyl, are followed by [Di-4S]s,
[Di-4S], [Di-4S]s or [Di-4S]s (GlcAB1-3GalNACc(4S)B1-4 is
abbreviated as Di-4S), and then [GlcAB1-3GalNAcpB1-4] units
extend to the non-reducing end. We presume that the cross-link
to heavy chains exists in the non-sulfated region of LSC,
considering the steric hindrance from sulfate at the C-4 hy-
droxyl group.

S4

New Glycoconjugates Derived from Conventional
Synthetic and Microwave Dielectric Heating-Mediated
Techniques

Manssur Yalpani
Alpha Beta Technology, Inc., 1 Innovation Drive, Worcester,
MA 01605, USA.*

New methods for the preparation of several types of glycocon-
jugates have been explored. A series of glycoconjugates was
derived from synthetic polymers, including poly(vinyl acetate)
and poly(vinyl alcohol). Condensation of these substrates with
mono-, di-, or oligosaccharides yielded new N-alkyl, acetal, or
ester comjugates. A second series of glycoconjugates was
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obtained by the coupling of O-carboxamide glucan precursors
and various proteins under mild reaction conditions. As an
alternative to conventional techniques, microwave dielectric
heating-assisted reactions were also explored for the prepara-
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tion of new lipophilic glycoconjugates.

*This work was conductéd at the Pulp and Paper Research
Centre and the Department of Chemistry, McGill University,
3420 University Street, Montreal, Quebec, H3A 2A7, Canada.

S5. NEW STRUCTURES OF LIPID-LINKED CARBOHYDRATES, INCLUDING ANCHORING
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S5
A Novel Glycolipid of Cryptococcus neoformans

Akira Hayashi', K. Takahashi!, F. Mirbod? and Y. Nozawa?
1 Department of Chemistry, Faculty of Science and Technology,
Kinki University, Kowakae, Higashiosaka, Japan.

2 Department of Biochemistry, School of Medicine, Gifu
University, Tsukasamachi, Gifu, Japan.

Lipids were extracted from cell homogenates of fungus body
using chloroform-methanol mixtures, and subjected to Folch’s
partition. Isolated glycolipids (GL-1 to GL-3) were obtained by
repeated Iatrobeads column chromatography of lower phase
lipids of Folch’s partition.

GL-1 had the same Rf value on TLC with that of ceramide
monohexoside obtained from ox brain. GL-2 and GL-3 showed
a lower R; value than that of GL-1. IR spectrum of GL-1
showed nearly the same absorptions with those of glycosyl-
glyceroldialkylether. Sugar analysis as TMS-methyl glycoside
revealed only glucose, and analysis as partially methylated
alditol acetates showed the presence of Glcl-. TH-NMR indic-
ated a f-configuration of glucose. From these results the
structure of GL-1 was determined as 1,2-di-O-alkenyl-3-
B(p-glucopyranosyl)-sn-glycerol. FAB-MS of GL-1 supported
this structure. Main component of the alkenyl chain was
hexadecene and octadecene. The position of the double bond
has not yet been characterized. Structural studies on GL-2 and
GL-3 are now in progress.

S5

Spiroemetosides: Glycosphingolipids Consisting of Novel
Carbohydrate Structures with a Penultimate Glucose,
Glcp1-3Gal, from Parasite Spirometra erinacei

Y. Kawakamil?, K. Nakamura?, H. Kojima?, M. Suzuki?,
F. Inagaki®, A. Uchida!, Y. Muratal, and Y. Tamai?

1 Department of Environmental Biology, Azabu University.
2Department of Biochemistry, Kitasato University, School of
Medicine.

3The Tokyo Metropolitan Institute of Medical Science, Japan.

Glycosphingolipids could be expected to be involved in the
mediation of host-parasite interactions, as are functioning in
bacterial and viral infection. Previously we isolated a novel
fucosylated glycosphingolipid (SEGLx) from the parasite,
Spirometra erinacei [1], the structure being determined to be
Galp1-4(Fucw1-3)Glcp1-3Gal-Cer. In this study, we found a
fucosyltetrahexosylceramide (Gal-SEGLx) having an additional
galactose molecule attached to the reducing end galactose of
SEGLx through a B1-6 linkage. In addition to cerebroside [2],

we determined di- and trihexosylceramides, both of which
consisted of a Glcf1-3Gal structure, suggesting possible biosyn-
thetic precursors of SEGLx and Gal-SEGLx. Thus, all mem-
brane glycolipids of this parasite (cestode) have been found to
consist of a new class of glycolipids. We here propose the term
‘Spirometo series’, which represents this new type of carbo-
hydrate series, and ‘Spirometosides’ for glycolipids having the
Spirometo carbohydrate structure.

1. Kawakami Y, Nakamura K, Kojima H, Suzuki M, Inagaki
F, Suzuki A, Sonoki S, Uchida A, Murata Y, Tamai Y (1993)
J Biochem 114, 677-83.

2. Kawakami Y, Kojima H, Nakamura K, Suzuki M, Uchida
A, Murata Y, Tamai Y (1995) Lipids 30(4), in press.

S5

Isolation and Structural Analysis of Phosphorylated
Oligosaccharides from Escherichia coli J-5
Lipopolysaccharide

Sven Miiller-Loennies!, Otto Holst?, and Helmut Brade?
LCarlsberg Laboratories, Department of Chemistry, DK-2500
Valby, Copenhagen, Denmark.

2 Forschungsintitut Borstel, Institut fiir Experimentelle Biologie
und Medizin, D-23845 Borstel, Germany.

Lipopolysaccharides (LPS) are responsible for many of the
pathophysiological effects observed during infection with
gram-negative pathogens. These can lead to septic shock and
are responsible for more than 100000 cases of death in the US
yearly. One of the most promising concepts for the treatment of
septic shock is passive immunization with antibodies which are
directed against the conserved regions of LPS. The core-defec-
tive Rc-mutant Escherichia coli J-5 was claimed to be partic-
ularly suited to induce such antibodies. However, several
monoclonal antibodies have been isolated, none of which was
able to reduce mortality due to septic shock in clinical studies.
Recently, a mAb (WN1 222-5) was isolated which was shown to
be cross-reactive in vitro with all tested clinical isolates of E.
coli and Salmonella and was cross-protective in vivo. Although
WNI1 222-5 was obtained after immunization with a more
complex LPS (complete core) it recognized as a minimal
structure phosphorylated LPS of E. coli J-5, whereas the
recognition of larger oligosaccharides was independent from
phosphate substitution. To investigate structural requirements
for antibodies to be cross-protective against gram-negative
pathogens, we isolated the complete phosphorylated carbo-
hydrate backbones of E. coli J-5 LPS after deacylation by
HPAE and determined their structures by one-dimensional 'H-,
13C- and 3'P-NMR, two-dimensional homo- and heteronuclear
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NMR as well as NOESY. Full assignment of chemical shifts and
coupling constants revealed a nonsaccharide, an octasaccharide
and two heptasaccharides with up to four phosphorylation sites.
The obtained results may give additional information about the
biosynthesis of LPS.

Ss
Minor Components of the Bovine Brain Ganglioside
Mixture

S. Sonnino, R. Casellato!, P. Brocca!, S.-C. Li2, Y.-T. Li?

1 Department of Medical Chemistry and Biochemistry, University
of Milan, Italy.

2Department of Biochemistry, Tulane University, New Orleans,
USA.

Three new minor components 1, 2, 3 covering about 0.02%,
0.12% and 0.08% of the total bovine brain ganglioside mixture,
respectively, were characterized as: 1, Neua2-3Galpl1-3Gal-
NAcf1-4(NeuSAca2-3)Galf1-4Glcf1-1Cer; 2, GalNAcpBl-4-
(Neu5Aca?2-3)GalB1-3GalNAcpl -4(Neu5Gea2 -3)Gal f1-4Glc-
Bl-1Cer; 3, GalNAcpSl-4(Neu5Gea2-3)Galpl-3GalNAcfl-4-
(Neu5Aca2-3)Galf1-4GlcS1-1Cer.

The purification of the three compounds was carried out
starting with 50 g of the total ganglioside mixture and yielded
1mg of pure 1 and 20 mg of a mixture of 2 and 3. The
purification consisted of the following steps: clostridium per-
frigens sialidase treatment of the ganglioside mixture (the three
compounds were sialidase resistent), DEAE-sephadex column
chromatography and silica gel column chromatography. The
three gangliosides were characterized by 'H and 3C 1- and 2-D
NMR spectroscopy. The structure of compounds 2 and 3 was
confirmed by enzymatic hydrolysis using exosaminidase A and
clostridium perfrigens sialidase in a combination of treatments.
The released products were analysed by HPTLC using refer-
ence compounds.

S5
Extended Type-1 Chain Glycosphingolipids: Isolation and
Structural Characterization of Sialyl Dimeric-Lewis®

M. R. Stroud, M. E. K. Salyan, S. B. Levery and Sen-itiroh
Hakomori

The Biomembrane Institute, 201 Elliott Ave W, Seattle, WA
98119 and the Department of Pathobiology, University of
Washington, Seattle, WA 98195, USA.

Sialyl-Le? is a tumour-associated carbohydrate antigen based on
the type-1 chain core and was originally described as a sialylated
Lea2-active pentasaccharide defined by MAb 19-9 [1]. Recently,
a series of novel sialyl-Le? active gangliosides containing a
combination of branched and linear type-1 and type-2 chain
cores was isolated from human rectal adenocarcinoma [2]. In
this study a sialyl-Le? active glycosphingolipid containing a
repetitive type-1 chain carbohydrate core was isolated from
human colonic adenocarcinoma cell line Colo205. Glycosphing-
olipids with this novel core structure have only recently been
described and to our knowledge have only been isolated as
neutral glycolipids [3]. The sialyl-Le? active ganglioside was
purified by HPLC and preparative HPTLC and its structure
elucidated by positive-ion FAB-MS and 'H-NMR. The glyco-
sphingolipid was found to be a sialyled difucosylated derivative
of this novel carbohydrate core. ’
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1. Magnani J et al. (1982) J Biol Chem 257: 14365.

2. Kitagawa H et al. (1993) J Biol Chem 268: 26541.

3. Stroud M et al. (1993) ‘Carbohydrate Antigens’ ACS Sym-
posium Series, 519: 159.

S5
Rat Glioma Ganglioside GM3 Having 3-O-Acetylated
Sphingenine

K. Suetakel, K. Tsuchihashi, M. Chiba!, Y. Ibayashil,
K. Hashi! and S. Gasa?

Departments of 1 Neurological Surgery and 2Chemistry, School
of Medicine, Sapporo Medical University, Sapporo, 060 Japan.

A novel O-acetylated GM3 containing 3-O-acetyl(Ac)4-
sphingenine was isolated with one having a nonacetylated base
from transplanted rat glioma tissue. The presence and position
of the Ac group was estimated by one- and two-dimensional
proton nuclear magnetic resonance (NMR), and fast atom
bombardment-mass spectrometries. The O-acetylated sphinge-
nine, of which H-3 shifted to a lower-field (65.21) in the NMR
spectrum, was neither detected in any neutral glycosphingo-
lipids (GSLs) from glioma, nor in any GSLs from normal rat
brain, indicating the occurrence of nonacetylation on these
GSLs, and further suggesting that expression of O-Ac Cer on
GM3 might be a tumour-associated phenomenon. The extent of
the lipid-O-acetylation in glioma GM3 was estimated with
integration of olefinic H-5 on sphingenine, of which a chemical
shift was distinct between O-acetylated and nonacetylated
GM3, to 35%. The O-Ac sialylparagloboside at the Cer was
also obtained from the tissue as a minor ganglioside. In
addition, the O-Ac GM3 showed higher immunological activity
towards anti-melanoma antibody (M2590) in the presence of
nonacetylated GM3 in complement-dependent liposome lysis
than did nonacetylated or acetylated GM3 alone in the lipo-
some, suggesting enhancement of immunological reactivity of
the intact tumour cells by a small amount of O-Ac GM3.

S5
Novel Sphingolipids with Inositolphosphate-Containing
Head Groups from Lugworm

M. Sugita', M. Suzuki?, A. Suzuki? and F. Inagaki?

1 Department of Chemistry, Faculty of Liberal Arts and
Education, Shiga University, Otsu, Shiga 520, Japan.

2 Departments of Membrane Biochemistry and 3 Molecular
Physiology, The Tokyo Metropolitan Institute of Medical
Science, Bunkyo-ku, Tokyo 113, Japan.

A family of sphingolipids with inositolphosphate-containing
head groups referred to as ‘Phytoglycolipids’ and/or ‘Myco-
glycolipids’ has been characterized in plants, fungi and proto-
zoans, but not thus far in animals. Recently, we characterized
two glycolipids containing an inositolphosphate residue from a
marine animal. In this symposium, we describe the isolation and
the molecular structures of two acidic glycolipids (provisionally
named AGL, and AGLs) from the whole tissue of the lugworm,
Tylorhynchus heterochaetus. These acidic glycolipids were puri-
fied by QAE- and DEAE-Sephadex and silicic acid, and their
structures ‘were elucidated by compositional sugar analysis,
hydrogen fluoride degradation, methylation analysis, periodate
oxidation, negative ion mode FAB-MS spectrometry and 'H-
NMR spectroscopy to be as follows; AGL,:Man(a1-6)Ino(1—)-
P-Cer, AGLs:Man(a1-6)[Fuc(«1-3)]Ino(1—)-P-Cer.
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S5
Structural Characterization of a Sulfated GM1a, the
Unique Sulfated Ganglioside from Rat Kidney

K. Tadano-Aritomil, H. Kubo?, P. Ireland?®, M. Okuda! and
1. Ishizuka?!

1 Department of Biochemistry, Teikyo University School of
Medicine, Tokyo, Japan.

2Shimadzu Corporation and 3Shimadzu Techno-Research, Inc.,
Kyoto, Japan.

Rat kidney contains a large variety of sulfated glycosphingo-
lipids belonging to the ganglio-series and isoglobo-series [1]
core structures. All have one or two sulfate esters at C-3 of Gal
and/or GalNAc. In the present study, we isolated a novel
glycosphingolipid (Kd), which was found to contain both a
sulfate ester and a sialic acid in the molecule.

Kd was purified from rat kidney by FPLC with DEAE-
Toyopearl and HPLC with Iatrobeads. 1-D TH-NMR, composi-
tional and permethylation analyses showed that Kd has a
Gg4Cer core with 1 mol each of sulfate ester and NeuGc at C-3
of Gal. The major ceramide consisted of 24:0/t18:0, deduced
from the compositional analysis and negative LSIMS [2]. Mild
acid hydrolysis and solvolysis produced compounds which
migrate similarly to Gg,CerIV3-sulfate (SM1b) and II3NeuGca-
Gg4Cer (GMla), respectively, on TLC. The abundant ions
characteristic for sulfated mono- and disaccharides in high-
energy CID spectra were consistent with the structure at the
non-reducing terminus, HSO;-O-Hex-O-HexNAc- rather than
the alternative structure, NeuGc-O-Hex-O-HexNAc. The 2-D
DQF-COSY experiment further evidenced the presence of a
3-O-sulfated Gal in the molecule. From these results the
complete structure of Kd was proposed to be HSO;-3Galg-3-
GalNAcp-4(NeuGcea - 3)GalB-4Glcf- 1Cer(II3NeuGea-Gg,Cer-
IV3-sulfate). This is a novel class of sulfoglyolipid, a sulfate
analogue of ganglioside.
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1. Tadano-Aritomi K ez al. (1994) Carbohydr Res 265: 49-59.
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S5
Characterization of Four Novel Mono- and Di-0-Ac GM3s
from Equine Erythrocytes

Y. Yachidal, M. Naiki? and S. Gasa!
1Sapporo Medical University, Sapporo, 060 Japan.
2 National Institute of Health, Tokyo, 162 Japan.

Two novel mono-O-Ac GM3s containing 9-O-Ac NeuGce
(9-0O-Ac GM3) and containing 6-0O-Ac Gal (6'-O-Ac GM3) as
a mixture, and two novel di-O-Ac GM3s containing 4,9-di-
0O-Ac NeuGce (4,9-di-O-Ac GM3), and containing 4-O-Ac
NeuGc and 6-0-Ac Gal (4,6'-di-O-Ac GM3) as a mixture were
obtained from equine erythrocytes as the minor components.
The structures were characterized by one- and two-dimensional
proton nuclear magnetic resonance (NMR) and fast atom
bombardment-mass spectrometry. The position of the O-Ac
residue was identified by the lower field-shifts of the proton
attached to the carbon bearing acetoxy group on sialic acid
and/or galactose in the mono- and di-O-Ac GM3s, than those
of the respective unacetylated GM3. To confirm these acetyl-
ated structures, GM3 and 4-O-Ac GM3 were chemically
O-acetylated using ortho acetic acid, revealing several partially
O-acetylated derivatives. Of the chemically acetylated GM3s,
the NMR spectra of 9/6’-O-Ac GM3 and 4,9/4,6'-di-O-Ac
GM3 showed identical chemical shifts of the sugar ring protons
to those of natural Ac GM3s except for the intensities. Both the
purified natural and synthesized di-O-Ac GM3s were not
desialylated with neuraminidase, which extensively cleaves
9-0-Ac NeuGe, indicating that the reaction was inhibited by
the presence of the 4-O-Ac group, whereas 9/6’-O-Ac GM3
gave LacCer and 6'-O-Ac LacCer.

S6. NEW STRUCTURES OF GLYCOCONJUGATES FROM PLANTS AND MICROBES

Poster presentations only

S6
Glycosylation of an Aspartic Proteinase from Cynara
cardunculus L.

J. Costal, D. A. Ashford?, C. Frazao!, P. C. Verissimo?, C. L.
Esteves?, C. J. Faro3, E. M. Pires? and M. A. Carrondo!
1ITQB, UNL, Apart. 127, 2780 Oeiras, Portugal.

2 Department of Biology, University of York, PO Box No. 373,
York, YOI 5YW, UK.

3 Department of BQ, FCT, University of Coimbra, 3000
Coimbra, Portugal.

An aspartic proteinase present in the flowers of the cardoon
Cynara cardunculus L., is used in the production of cheese in
Portugal [1]. The enzyme consists of two subunits of apparent
molecular masses of 30 and 15 kDa with a N-glycosylation site
each [2]. The carbohydrate accounts for 11% (by weight) of the
protein weight. The glycosylation of the proteinase is of interest
because it might modulate the enzyme’s milk clotting and

proteolytic activities as recently reported for the proteinase
from Mucor pusillus, also used for cheese production [3].
Consequently, in the present work the structures of the glycans
of the enzyme were studied.

Preliminary monosaccharide composition studies have shown
that each subunit contains Man, Fue, Gal, Glc and hexosamine
residues [2]. Affinity blotting showed that both subunits are
recognized by concanavalin A and Tetragonolobus purpureas
lectin. Treatment with PNGase F under both denaturing and
non-denaturing conditions deglycosylated only about 1% of the
30 kDa subunit. However, when the proteinase was chemically
defucosylated, about 50% of both subunits could be deglycosyl-
ated with PNGase F. These results together suggest that the
glycans of the proteinase are of the plant complex type with
proximal a(1,3)-linked fucose.

The structures of the major oligosaccharides released by
PNGase A from Pronase glycopeptides, based on Bio-Gel P-4
gel filtration chromatography and exoglycosidase sequencing
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will be presented.

1. Macedo IQ, Faro CJ, Pires EM (1993) J Agric Food Chem
41. 1537-40.

2. Faro CJ (1991) PhD Dissertation, University of Coimbra,
Portugal.

3. Murakami K, Aikawa J, Horinouchi S, Beppu T (1993) Mol
Gen Genet 241: 312-18.

S6
Identification of Novel Glycosylated Entities in the
Secreted Protein and Cell Wall of Mycobacteria

K.-H. Khoo!, K. Dobos!, D. Chatterjee!, P. J. Brennan!,
P. Draper?, H. R. Morris® and A. Dell3

! Department of Microbiology, Colorado State University, USA.
INIMR, Mill Hill, London, UK.

3 Department of Biochemistry, Imperial College, London, UK.

The detailed structural characterization on various cell wall,
membrane associated and secreted glycoconjugates of myco-
bacteria continues to furnish new findings which challenge our
current perception of their cell wall architecture and its
potential roles in pathogenesis. All mycobacterial species
are endowed with a mycolylarabinogalactan-peptidoglycan
(mAGP) complex which constitutes the cell wall proper.
Associated with the plasma membrane and somehow protrud-
ing through this cell wall are the phosphatidylinositol-anchored
lipoarabinomannan (LAM) and the structurally related lipo-
mannan (LM). In addition, there are cell wall associated,
surface associated and secreted proteins, some of which have
recently been shown to be glycosylated.

We present here our recent structural data on various
mycobacterial glycosylated entities, as obtained through chemi-
cal/enzymatic digestions, chromatographic separation and mass
spectrometric analysis in conjunction with further chemical
derivatization. In support of earlier observation but at odds
with current model for the mAGP, we now obtained firm
chemical evidence for the presence of a non-N-acetylated
galactosamine covalently linked to arabinan in the arabinoga-
lactan. Endo-a1,6-manannase digestion on LAM and LM with
and without further chemical/enzymatic manipulation allows us
to define the structural motifs on the mannan cores of
LAM/LM and their acylated and phosphorylated variants. We
have also succeeded in obtaining further chemical and mass
spectrometric evidence demonstrating the presence of protein
O-glycosylation in mycobacteria. a-Mannosidase digestion on a
series of glycopeptides from the secreted 50 kDa glycoprotein
indicates that it is primarily O-mannosylated in at least three
different sites.

Sé

Characterization of a phosphocholine-containing
Aminoglycoglycerolipid: Major Lipid Antigen of
Mycoplasma fermentans

K. Matsudal, T. Taki?, T. Kasama3, I. Ishizuka4, S. Handa?
and N. Yamamoto!

1 Department of Microbiology, > Department of Biochemistry,

3 Laboratory of Biomedical Analysis, Tokyo Medical and Dental
University, Tokyo, Japan.

4 Department of Biochemistry, Faculty of Medicine, Teikyo
University, Tokyo, Japan.
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Mycoplasma fermentans is thought to be a pathogen of rheu-
matoid arthritis or cofactor of AIDS. We have demonstrated
that phosphocholine-containing glycoglycerolipids (GGPLs,
GGPL-I and GGPL-III) are major lipid components of M.
fermentans. We reported the structure of GGPL-I as 6'-O-
phosphocholine- - glucopyranosyl-(1’-3)-1,2-diacyl-sn-glycerol
[1]. In the previous study, the GGPL-III was purified by
DEAE-Sephadex and repeated Iatrobeads column chromato-
graphies. The purified GGPL-III was subjected to structural
characterization by chemical staining on HPTLC-plate, FT-IR,
H and ¥P NMR and tandem mass spectrometry. From these
analyses, the GGPL-IIT was found to be composed of 2 m fatty
acid (C:16 and C:18), 1 m diacylglycerol, a-glucose, phospho-
choline and amino residue. The glucose was found to be
attached to the 3 position of diacylglycerol through « 1-3
linkage. More detailed chemical structure will be presented.

1. Matsuda K, Kasama T, Ishizuka I, Handa S, Yamamoto N,
Taki T (1994) J Biol Chem 269: 33123-28.

86
Structure of a novel Heptose-Containing Eubacterial
S-Layer Glycoprotein Glycan

T. Wugeditsch!, P. Kosma?, R. Christian® and P. Messner!

1 Zentrum fiir Ultrastrukturforschung und Ludwig
Boltzmann-Institut fiir Molekulare Nanotechnologie, and

2 Institut fiir Chemie, Universitdt fiir Bodenkultur, A-1180 Wien,
Austria.

3Scientific Software Comp., A-1140 Wien, Austria.

The glycan structure of the S-layer glycoprotein of ‘Bacillus
brevis’ ATCC 12990 was analysed. Currently, the taxonomic
affiliation of this organism is being reinvestigated. In contrast to
many other S-layers of eubacteria the S-layer of this strain was
readily soluble in buffer solutions. Therefore a new strategy for
isolation and purification of the S-layer glycoprotein and
Pronase-derived glycopeptides including buffer extraction,
FPLC, gel filtration, ion exchange chromatography, and chro-
matofocusing had to be developed.

Based on one- and two-dimensional NMR measurements the
high-molecular-weight glycans of several isolated S-layer gly-
copeptides were identical and consisted of disaccharide repeat-
ing units with the constituents rhamnose and glycero-manno-
heptose with the sequence:

—4)-a-Rhap-(1 — 3)-B-Hepp-(1-

Supported by the Austrian Science Foundation, project
S$7201-MOB and the Austrian Ministry of Science, Research,
and Arts.

1. Messner P, Sleytr UB (1992) Adv Microb Physiol 33:
213-75.

S6

Novel Sulfated Trisaccharides Produced from Fucoidan
by a Novel Bacterial Endo-fucoidan-lyase Degradation
and Elucidation of Long Side Chain of Fucoidan

T. Sakai', H. Kimura!, K. Kojima!, Y. Nakanishi!, K. Ikai2,
and I. Kato!

1 Research Institute for Glycotechnology, Zaifucho 82-4,
Hirosaki, Aomori 036, Japan.

1Takara Shuzo Co. Ltd, Seta 3-4-1, Otsu, Shiga 520-21, Japan.

An electrophoretically homogeneous fucoidan was purified
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from a brown seaweed, Kjellmaniella crassifolia Miyabe. We
found that a kind of Flavobacterium secreted a novel fucoidan-
degrading enzyme that digested about 20% of the fucoidan and
produced novel sulfated trisaccharides. Each of the oligo-
saccharides was isolated respectively by anion exchange chro-
matography, and characterized by component sugar analysis,
mass spectrometry, and 500 MHz 1D and 2D 'H NMR spectro-
metry. The structures of the products were L-Fuc(3-O-
sulfate)al-3(A4 sGlcAB1-2)p-Man and L-Fue(2,4-O-disulfate)
1-3(A, sGlcA f1-2)p-Man(6-O-sulfate) and so on. The enzyme
also produced hexa- or longer saccharides, such as r-Fuc
(3-O-sulfate) & 1-3 (A,5GlcAfB 1-2) p-Manal-4GIcAS1-2 (-
Fuc(3-O-sulfate)@1-3) p-Man early in the reaction. From the
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results, the existence of long side chains in the fucoidan was
considered because all products contained unsaturated
glucuronic acid, that is a trace of enzymatic digestion. To
elucidate the existence, the fucoidan was hydrolysed in 0.5 m
oxalic acid at 100 °C for 3 h before and after the enzymatic
degradation. A polymer of (-4-p-GlcAf1-2-pD-Manal-)apou 40
remained after hydrolysis of fucoidan before enzymatic degra-
dation only. From these results, at least a chain of (-4-D-
GlcA B1-2-D-Manal-)p0ut 40 that C-2 of mannosyl residue sub-
stituted by 3-O-sulfated r-fucose or 2,4-O-disulfated r-fucose,
should exist in one molecule of the fucoidan. The novel
endo-fucoidan-lyase cleaved p-Manal-4 GlcA in the fucoidan
eliminatively and produced the novel sulfated trisaccharides.
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PLENARY LECTURES

§7. 8.00am
Carbohydrate Interactions with Ca?* -Dependent Animal
Lectins

K. Drickamer
Glycobiology Institute, Department of Biochemistry, University
of Oxford, Oxford OXI1 3QU, UK.

Calcium-dependent (C-type) animal lectins target biological
functions based on the locations and structures of their sac-
charide ligands [1]. Lectins in this group include receptors that
recognize endogenous ligands, such as the selectin cell adhesion
molecules and the asialoglycoprotein receptor, which mediates
endocytosis of serum glycoproteins. Other C-type lectins such
as serum mannose-binding protein mediate an innate immune
response to pathogens. All of the C-type lectins contain
structurally related carbohydrate-recognition domains (CRDs).
Analysis of the CRD from a rat mannose-binding protein by
X-ray crystallography reveals that the role of the conserved
residues found in all C-type CRDs is to create the CRD fold,
which forms binding sites for two calcium ions. The saccharide-
binding site is in close proximity to one of the calcium ions. The
3 and 4 hydroxyl groups of mannose form a network of
coordination bonds with the calcium and hydrogen bonds with
glutamic acid and asparagine residues in the protein. Additional
selectivity in sugar binding, such as preferential binding of
certain CRDs to N-acetylgalactosamine over galactose, results
from additional sugar-protein contacts that are being investi-
gated by site-directed mutagenesis and physical methods. The
higher order selectivity of intact C-type lectins for oligosac-
charides reflects the presence of CRDs and their arrangement
in a specific geometry in receptor oligomers. Current work
suggests that many of the lectins contain groups of three CRDs
held together by a common structural motif.

1. Drickamer K, Taylor ME (1993) Annu Rev Cell Biol 9:
237-264.

S8. 8.30am
The Yeast Oligosaccharyltransferase Complex: Analysis
of Mutants in the OST1, OST2 and OST3 Genes

R. Gilmore, S. Silberstein, D. Karaoglu, P. Collins, P.
Rapiejko and D. Kelleher

Department of Biochemistry and Molecular Biology, University
of Massachusetts Medical School; Worcester, MA 01655, USA.

Oligosaccharyltransferase (OST) catalyses the transfer of high
mannose oligosaccharide from a dolichol-linked donor (doli-
chol-P-P-GlcNAc,ManyGlc;) to asparagine acceptor sites in
polypeptides within the lumen of the rough endoplasmic
reticulum. The OST from Saccharomyces cerevisiae has been
purified as a protein complex composed of six subunits, two of
which correspond to subunits of the yeast OST identified by
genetic methods (Wbplp and Swplp). Yeast genes (OSTI,
OST2 and OST3) that encode three of the subunits of the OST
complex have now been isolated and sequenced. The protein
encoded by the OSTI gene is 28% identical to ribophorin I, a
subunit of the mammalian oligosaccharyltransferase. Disruption
of either the OSTI gene or the OST2 gene is lethal in haploid
yeast. Temperature sensitive ost! or ost2 mutants underglyco-
sylate proteins in vivo and show reduced in vitro transfer of a
high mannose oligosaccharide to an acceptor tripeptide.
Growth of haploid yeast is not altered by disruption of the
OST3 gene. However, yeast lacking the Ost3 protein show
marked defects in glycosylation of a subset of proteins in vivo,
and reduced in vitro oligosaccharyltransferase activity.

59. 9.00am
Topology of Glycosphingolipid Metabolism, Function and
Pathobiochemistry of Sphingolipid Activator Proteins

Konrad Sandhoff, Andreas Klein and Gerhild van Echten-
Deckert

Institute for Organic Chemistry and Biochemistry, 53121 Bonn,
Germany.

Glycosphingolipids form cell and differentiation specific pat-
terns in the outer leaflet of the plasma bilayer membrane. The
enzymes involved in their biosynthesis are compartmentalized
in the ER and Golgi apparatus; their sites of residence and
membrane topology will be discussed [1]. After endocytosis
catabolism of membrane-bound gangliosides is catalysed by
exohydrolases in the lysosomal compartment. Degradation of
glycolipids with a short oligosaccharide moity needs the assis-
tance of activator proteins [2]. Based on the analysis of atypical
forms of lipid storage diseases with mutations in the activator
proteins a new model for the topology of endocytosis and
lysosomal digestion will be presented [2, 3]. Feeding of activa-
tors to cultured human fibroblasts being simultaneously defi-
cient in several activators reveals the function of individual
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activator proteins.
1. van Echten-Deckert G, Sandhoff K (1993) J Biol Chem 268:
5341-44.

S7. CARBOHYDRATE-PROTEIN INTERACTIONS

Chairs: Donald Marcus, Nathan Sharon

§7. 9.50am
Site directed mutagenesis of contact amino acids in the
combining site of a legume lectin

R. Adar and N. Sharon
Department of Membrane Research and Biophysics, Weizmann
Institute of Science, Rehovot 76100, Israel.

Lectins of leguminous seeds comprise a large family of structur-
ally homologous proteins with distinct specificities, even though
their combining sites are in part superimposable, with an
invariant constellation of three amino acids, two hydrophilic
(Asn, Asp) and one hydrophobic (Phe, Tyr or Trp). The
elucidation of the 3D structure of the Gal-specific Erythrina
corallodendron lectin (ECorL) in complex with lactose [1] and
the cloning and expression of the lectin in E. coli [2] permitted
further examination of the factors determining the specificity of
the lectin by site-directed mutagenesis. ECorL possesses a
cavity at the combining site surrounded by Tyrl®, Pro3* and
Trp'3, that can accommodate bulky substituents at C-2, such as
dansyl [3]. Our results show that Trp!¥ contributes to the
strong binding of GalNDns to the lectin, whereas Tyrl% does
not. Contrary to predictions based on the 3D structure of the
complex, GIn?'? is not required for ligand binding; it however
contributes to the high affinity of the lectin for LacNAc by
interacting with the GlcNAc moiety of the disaccharide. The
inability of ECorL to bind Glc or Man is not due to interference
by the side chain of Ala?!® in the variable part of the combining
site, since mutation of this residue to glycine did not affect the
specificity of the lectin. As expected, mutation to Ala of Asn®
and Asp'3 that form key hydrogen bonds with bound Gal and
of Phe®3!, which interacts with it hydrophobically, resulted in
compete loss of activity. Conclusions based on other mutants as
well as double mutants will be reported.

Supported by a grant from the Basic Research Found of the
Israel Academy.
1. Shaanan et al. (1991) Science 254: 862.
2. Arango et al. (1992) Eur J Biochem 205: 575.
3. Arango efal. (1993) FEBS Lett 330: 133.

§7. 10.15am
Crystal Structure of the Plant Lectin Amaranthin and its
Complex with the T-Disaccharide

Thomas R. Transue, Alexander K. Smith, Hanging Mo, Irwin
J. Goldstein and Mark A. Saper

Biophysics Research Division and Department of Biological
Chemistry, University of Michigan, Ann Arbor, MI 48109-1055,
USA.

The crystal structure of the plant lectin Amaranthus caudatus
agglutinin (ACA) has been solved in the unbound state and in
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2. Fiirst W, Sandhoff K (1992) Biochim Biophys Acta 1126:
1-16.
3. Sandhoff K, Klein A (1994) FEBS Lett 346: 103-7.

complex with a disaccharide ligand. Each subunit of the 66 kDa
homodimer contains two homologous beta-trefoil type domains
connected by a short alpha helix. Other members of the
beta-trefoil structural family include fibroblast growth factor,
interleukin 1, hisactophilin, Kunitz-type trypsin inhibitors from
Erythrina and soybean, and the lectin (B) chain from the
cytoxic heterodimer ricin. While each of these proteins contains
the same tertiary fold, similarity between their primary se-
quences is very weak.

The carbohydrate binding site of ACA is at the dimer
interface, but on an exposed surface of the protein rather than
in a cleft. No significant conformational changes of the protein
are observed upon carbohydrate binding. The observed specifi-
city and relatively tight binding (Kp about 1.6 um) of Gal 1,3
GalNAc a-O-benzyl results from contacts with both sugars of
this derivative of the T-disaccharide carcinoma antigen. In
contrast ricin, the only other lectin known to have a beta-trefoil
fold, binds lactose three orders of magnitude weaker and
interacts with only the terminal galactose. Furthermore, while
ricin’s binding requires an aromatic side chain which interacts
with the hydrophobic surface of galactose, ACA makes no such
contact. Thus, while ACA is structurally homologous to the
lectin chain of ricin, its mode of carbohydrate binding is
different and more specific.

§7. 10.30am
Do Cytokines Recognize Glycans of GPI-anchor?

Katsuko Yamashita, Keiko Fukushima and Takashi Ohkura
Department of Biochemistry, Sasaki Institute, Kanda-Surugadai,
Tokyo, 101, Japan.

Tumour necrosis factor-a, lymphotoxin and interleukin-14 have
similar lectin-like characters. The precise carbohydrate binding
specificities were investigated using inhibition assay by oligosac-
charides to binding between cytokines and glycoproteins. These
cytokines specifically bound human placental alkaline phospha-
tase, carcinoembryonic antigen, Trypanosoma variant surface
glycoproteins and uromodulin released by phospholipase C, and
ovalbumin, on the other hand, they did not interact with human
transferrin, human orosomucoid, porcine thyroglobulin, and
bovine ribonuclease B. The interaction was not inhibited by
N-linked high mannose type and complex type oligosaccharides,
mannitol-6-phosphate, ethanolamine-phosphate, inositol-1-
phosphate and mannose-1-phosphate, but inhibited by
mannose-6-phosphate, Manal — 6Manfil — 4GlcNAcSl —
4(Fucal — 6)GlcNac and =Galfl — 4GIcNAcfl —
4(GIcNAcpl — 2)Manal — 3(GleNAcSl — 4){Manal —
6(Manal — 3)Manal — 6}Manfil — 4GIcNAcSl —
4GIcNAc. These results indicated that the specific C-6 sub-
stituted mannosyl residues are essential for interaction between
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these cytokines and glycoproteins, and the added negative
charged residues increase the binding strength. So, it is con-
sidered that these cytokines recognize the glycan portions of
GPI-anchored glycoproteins on the plasma membranes.

§7. 10.45am
Lectin-mediated Gene Transfer into Airway Epithelial
Cells

W. Yin and P.-W. Cheng
Department of Pediatrics, University of North Carolina, Chapel
Hill, NC 27599, USA.

The purpose of this study was to examine whether the lectins
which recognize cell surface carbohydrates could be used as
gene transfer vectors. Lectins which bind to airway epithelial
cells (CFT1) were identified by exposing the cultured cells
which had been fixed in 4% paraformaldehyde-0.25% glutar-
aldehyde (4 °C, 10 min) to fluorescein-conjugated lectins with
various carbohydrate specificities: Con A (Man), WGA (sialic
acid/GleNAc), SNA (sialic acida2,6Gal), MAA (sialic
acida2,3Gal), UEA-1 (a1,2Fuc), GS-I (aGal/GalNAc), GS-11
(GlcNAc), BPA (GalNAc), SBA (blood group A; > A; > B),
PNA (Galp1,3GalNAc), MPA (internal GalNAc), and DBA
(aGalNAc). The four lectins, Con A, SNA, WGA, and MAA,
which bound appreciably were conjugated with polylysine (PL)
or histone (His) via disulfide linkages. The molecular conjug-
ates (5.3 ugml-1) were used to deliver the pCMVlacZ plasmid
(4 ugml1) to cultured CFT1 cells. Relative to those (= 1.0)
of the control cells, which were transfected with lectin +
polycation + DNA, the f-galactosidase activities expressed in
the cells transfected with lectin-PL (or His)-DNA complexes
were: Con A-His, 7.7, SNA-His, 3.5; Con A-PL, 2.4,
WGA-PL, 1.3; others, 1.0. In addition, Con A-His mediated
gene transfer was dose dependent between 2.5 and 10 ygml-1.
Maximal pS-galactosidase activity of 41 was obtained at
10 ugml-1 of Con A-His. At higher concentration, the conjug-
ate caused cytotoxicity. We conclude that lectin-polycation
conjugates can deliver a reporter gene to airway epithelial cells
in which the transfected gene can express.
Supported by Cystic Fibrosis Foundation.

§7. 11.00am

Maltose-Sulfate Oligosaccharides Inhibit Tube Formation
(In Vitro Angiogenesis) by Microvascular Endothelial
Cells

C. Foxall, Z. Wei, C. Peto, P. Fugedi and B. K. Brandley
Glycomed Inc., Alameda, CA, USA.

The behaviour of microvascular endothelial cells (EC) is central
to many normal and pathological processes, including angio-
genesis in vascular development, wound healing, inflammation
and cancer. Some aspects of angiogenesis can be approximated
using an in vitro tube-forming assay on basement membrane
components. We selected a variety of small, sulfated oligosac-
charides based on their ability to bind to bFGF (FGF-2), and
tested them as modulators of rat epidydimal fat pad microvessel
EC (REEC) tube formation on Matrigel. Tube formation began
within 2h after plating and reaching a peak at 10-12h.
Structure-activity relationship data generated using a series

Glyco XHIT

of malto-oligosaccharide polysulfates ranging from a-
methyl-glucopyranoside tetrasulfate, to maltoheptaose with
approximately 22 sulfates, indicated that sulfated structures as
small as tetrasaccharides were capable of blocking REEC tube
formation. Similar sulfated oligosaccharides with the reducing
end glucose residue reduced also blocked tube formation,
although longer structures were required for inhibition. The
ability to inhibit tube formation correlated with bFGF binding,
suggesting that these compounds may block angiogenesis by
inhibition of bFGF function.

§7. 11.15am

Detection of a Non-covalent Oligosaccharide-protein
Complex by Mass Spectrometry: Molecular Recognition
of a Salmonella Hexadecasaccharide by a Single Chain
Antibody

Jasna Peter-Katalinic!, Brian N. Green?, Alison E. Ashcroft?,
Saran A. Narang?, C. Roger MacKenzie?, N. Martin Young?,
Eleonora Altman? and David R. Bundle?

L Institute for Physiological Chemistry, University of Bonn,
D-53115 Bonn, Germany.

2FISONS/Organic Analysis, Biotech MS, Altrincham, Cheshire
WAI4 5RZ, UK.

3 Institute for Biological Sciences, NRC, Ottawa, ON Canada
KI1A 0R6.

4 Department of Chemistry, University of Alberta, Edmonton,
AB Canada T6G 2G2.

Electrospray mass spectrometry has been applied to study the
binding of a hexadecasaccharide comprising four repeating units
of a Salmonella lipopolysaccharide O-antigen by a single chain
antibody Fv protein. The clustering process and the stoichio-
metry of the carbohydrate/protein complex was detected
directly from the shift of the multicharged protein molecular
ions in (+)ES-mass spectra. The protein complex is dependent
on sterochemistry of the 3,6-dideoxyhexose moieties at the
carbohydrate epitope.

§7. 11.30am
Glycosaminoglycan-binding Specificities of Annexin V

H. Utsumi, K. Kojima, H. Ogawa and 1. Matsumoto
Department of Chemistry, Faculty of Science, Ochanomizu
University, Tokyo, Japan.

The annexins are a family of Ca?*-dependent phospho-
lipid-binding proteins. We have previously demonstrated that
bovine annexin IV binds to glycosaminoglycans and certain
sialoglycoproteins in the presence of Ca?* [1, 2]. This finding
suggested that not only annexin IV but also other annexins are
new types of lectins and function in vivo by binding to
carbohydrates.

Annexin V has been identified as a placental anticoagulant
protein and most recently was shown to be a paracrine-type
neurotrophic factor for neocortical neurons [3]. In this study,
we isolated annexin V from bovine brain extract and examined
the glycosaminoglycan-binding specificities by the use of various
glycosaminoglycan columns, which were prepared by coupling
the carboxyl groups of glycosaminoglycans to amino groups
introduced into the agarose gels via amide linkages.
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The binding specificities revealed for annexin V were signifi-
cantly different from those of annexin IV. Annexin V bound to
heparin and heparan sulfate in the presence of Ca?* but not to
N-desulfated heparin and N, O-desulfated heparin. Annexin V
did not bind to chondroitin sulfate A, B and C, and hyaluronic
acid. These results suggest that annexin V interacts with cell
surface heparan sulfate proteoglycans in vivo.

1. Kojima K et al. (1992) J Chromatogr 597: 323-30.
2. Kojima K et al. (1992) J Biol Chem 267: 20536-39.
3. Takei N et al. (1994) Neurosci Lett 171: 59-62.

§7. 11.45am
High affinity antibodies against 3-FL (Le*, CD15) from a
phage display library

D. M. Marcus, N. Weng and Q. Dinh
Baylor College of Medicine, Houston, TX 77030, USA.

We previously sequenced 8 anti-3-FL mAbs, obtained from four
fusions, and found that they were all encoded by VH441, of the
X24 family, and VK24B, and all mAbs had low avidity. We
wanted to obtain higher avidity Abs and to ascertain if other
light (L) chains could encode these Abs. We constructed a
phage display library, in a modified pComb 8 vector, that
contained random L chains and Fd segments enriched in VH
domains of the X24 family. We selected phage with a 3-FL-BSA
antigen, and obtained two clones, 23 and 24, whose avidity for
this antigen was at least 100x higher than our hybridoma mAbs.
Both Abs also bound sialyl Le* very strongly, and 23 also bound
nLc4Cer well. Sequencing revealed that the VH domains of
both mAbs were encoded by VH441. The L chain of clone 24
was encoded by a gene from the VK Ox-1 family, and clone 23
by VK 9, and both L chains had shorter CDR1 segments than
VK24B. These data indicate that the L chains of anti-3-FL Abs
can be encoded by genes other than VK24B. The restriction in
gene usage noted previously was probably regulatory in origin,
rather than structural, because 3-FL is an autoantigen. To
evaluate the contributions of L and H chains to the specificity
and affinity of antigen binding, we have recombined the Fd
segments of clones 23 and 24 with L chains from other anti-3-FL
mAbs and anti-ganglioside Abs. Some of the new combinations
did not bind 3-FL, and others bound very weakly and also
exhibited altered specificity. Anti-carbohydrate Abs may ex-
hibit less tolerance for swapping L chains than Abs directed
against peptides.
Supported by rescarch grant Al 17712 from the USPHS.
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S7
Multiple Vg and V;, Gene Segments Are Used by Murine
Monoclonal Antibodies against Disialogangliosides

E. Cerato!, S. Birklel, J. Portoukalian? and J. Aubry!
LINSERM U.211, Faculté de Médecine-Pharmacie, 44035
Nantes, France.

2INSERM U.218, Centre Léon Bérard, Lyon, France.

The gangliosides are poorly immunogens. A limited number of
monoclonal antibodies (mAb) obtained from different fusions
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has been raised against their carbohydrate structure either in
Balb/c or A/J mice. The sequences of variable (V) regions of
the light (L) and heavy (H) chains of ten mAbs against
disialogangliosides GD, and GD; were determined by a reverse
transcription-polymerase chain reaction procedure. The Vy
genes of the J558, 3609, 7183 families were expressed through
multiple rearrangements with various Dy and Jy genes. The
heavy chain CDR3 segments vary in length from 7-11 amino-
acids. Interestingly two unique mAbs 8B6 and 7H2 respectively
specific to GD,-O-acetylated and GDs-O-acetylated were en-
coded by the Vg genes of S107 and 7183 families. The Vg
chains were paired with different Vk light chains derived from
germ line genes. The comparison of mAbs 4G2 and 4G12 shows
that their fine specificity for the disialogangliosides can be
modulated by the change of L chain associated to the same H
chain. In contrast to the restricted usage of Vg and Vi genes by
mAbs against 3-fucosyllactosamine, multiple Vg and V. gene
segments of mAbs against disialogangliosides were used simi-
larly to mAbs against other carbohydrate antigens such as
a(1-6)dextran and group A streptococcal carbohydrate.
Supported by ARC, LNFLC and MRES.

S7
New Type of Carbohydrate-Carbohydrate Interaction

N. V. Bovinl S. D. Shiyan! and E. V. Mikhalchik?
LShemyakin Institute of Bioorganic Chemistry, Moscow, Russia.
2Research Institute of Children Hematology, Moscow, Russia.

Our previous studies [1] has shown that zymosan (polysac-
charide complex from yeast) interacted specifically with Man-
PAA [2] (water soluble conjugate of ¢-mannose with polyacryl-
amide). In the present investigation we tested the possibility
that this interaction has a carbohydrate-carbohydrate nature.
As zymosan contains some protein in addition to the major
components of mannan and glucan, it was necessary to prima-
rily exclude the carbohydrate-lectin type of interaction. Rigor-
ous zymosan treatment by pronase, trypsin or alkali did not
abolish the affinity to Man-PAA-biot. At the same time
periodate oxidation (48 h) gradually decreased zymosan reactiv-
ity to practically zero level. Individual polysaccharides from
zymosan (Sigma) also preserved the ability to specific binding
with a probe, Man-PAA-Flu. Binding of zymosan with Man-
PAA-biot [2] and Man-PAA-Flu was dose- and calcium-
dependent and it was inhibited by monosaccharides p-Man,
L-Fuc, p-GlcNAc. The ability of zymosan to bind Sug-PAA-
biot decreased in the series Man > Fuc > GlcNAc. The conjug-
ates having higher Man contents more intensely bound with
zymosan. The formation of zymosan complex with Man-PAA-
Flu was reversible; the treatment of this complex with Man or
EDTA completely released the probe.

The data obtained confirm the suggestion that the studied
interaction is of a carbohydrate-carbohydrate type with the
participation of zymosan polysaccharides. It is possible that in
natural conditions this mechanism mediates the bacteria and
yeast interaction with mannose-rich glycoproteins. Zymosan
interaction with carbohydrate N-chains from glycoproteins has
also been studied.

1. Mikhalchik EV, Korkina LG, Shiyan SD, Bovin NV (1994)
Biol Membrane 11: 581-87.
2. Bovin NV et al. (1993) Glycoconjugate J 10: 142-51.
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S7

Lectin-Carbohydrate Interactions — Is the Erythrina
corallodendron Lectin Preference for N-Acetyllactose
amine Over Lactose due to a Specific Recognition of the
N-Acetyl Moeity?

T. Ekberg!, Kai Ding?, H. Eriksson?, U. Lindstrom!, H. O.
Sjogren? and G. Magnusson!

L Department of Organic Chemistry 2, Chemical Center, The
Lund Institute of Technology, University of Lund, P.O. Box
124, §-221 00 Lund, Sweden.

2 Department of Tumor Immunology, The Wallenberg
Laboratory, University of Lund, P.O. Box 7031, S-220 07
Lund, Sweden.

The ‘galactose-binding’ lectin from Erythrina Corallodendron
(Ecor-L) has a 16-fold higher affinity for N-Acetyl lactose-
amine over lactose, a difference in affinity corresponding to
AAG = 1.6 Kcalmol~!. The Ecor-L affinity for TMS-ethyl
lactoside (containing a lipophilic (CH3);SiCH,CH,-group in the
anomeric position) was virtually same as for lactose. This was
true also for 2,3-deoxygenated methyl lactoside and 1-deoxy
lactose, whereas 3-deoxygenated TMS-ethyl lactoside showed a
two-fold increased affinity for Ecor-L compared to lactose.
Thus, complex formation seems to be favoured by the presence
of a hydrophobic patch close to a polar group at Glu-2.

Is the glutamine residue that is located close to lactose Glu-2
and 3 (according to X-ray crystallography [1] involved in
hydrogen bonding to the N-Ac group in N-Acetyl lacto-
seamine?

1. Shanaan B, Sharon N (1991) Science 254: 862—866.

S7

Neoglycopolymer Ligand for Mannose-Binding Proteins:
Transglycosylation with Endo-f-N-acetylglucosaminidase
from Arthrobacter protophormiae

J.-Q. Fan, M. S. Quesenberry!, K. Takegawa?, S. Iwahara?,
A. Kondo?, I. Kato? and Y. C. Lee!

1 Department of Biology, The Johns Hopkins University,
Baltimore, MD 21218, USA.

2 Department of Bioresource Science, Faculty of Agriculture,
Kagawa University, Japan.

3 Biotechnology Research Laboratory, Takara Shuzo Co., Ltd.,
Otsu, Shiga 520-21, Japan.

We have reported that transglycosylation activity of endo-5-N-
acetylglucosaminidase from Arthrobacter protophormiae can be
enhanced by inclusion of organic solvent in the reaction mixture
[1]. This finding was extended to synthesize intermediates
useful for preparation of neoglycoconjugates. When 0.2m
GlcNAc-O-(CH,)sNH,, GlcNAc-O-CH,CH=CH,, GlcNAc-
0-(CH;);CH=CH,, GlcNAc-O-(CH;);NHCOCH=CH,, Glc-
NAc-5-CH;CONHCH;CH(OMe), or GlcNAc-S-CH,CN were
used as acceptors in media containing 30% acetone, the
transglycosylation yields were ca. 80% . The products are useful
for modification of proteins or the construction of neogly-
copolymers. A umol-scale synthesis of MangGlcNACc,-O-
(CH;);NHCOCH=CH, was accomplished in 90% yield, and
the product was co-polymerized with acrylamide. The ratio of
sugar side chain to acrylamide in this glycopolymer was 1:44
and the molecular weight was between 1500000 to 2000000 (by
high performance gel filtration chromatography). The neoglyco-
polymer showed more efficient inhibitory activity for binding by
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recombinant rat mannose binding protein-carbohydrate recog-
nition domains from serum and liver than soybean agglutinin.
1. J-Q Fan et al. (1994) Glycobiology, 4, 735.

S7

Maltose-Sulfate Oligosaccharides have Differing Effects
on the Growth of Endothelial Cells Isolated from Different
Organs and/or Species

M. E. Schaefer, M. Casabonne, C. Foxall, Z. Wei, C. Peto,
P. Fugedi and B. K. Brandley
Glycomed Inc., Alameda, CA, USA.

The behaviour of microvascular endothelial cells (EC) is central
to many normal and pathological processes, including angio-
genesis in vascular development, wound healing, inflammation
and cancer. We selected a variety of small, sulfated oligosac-
charides based on their ability to bind to bFGF (FGF-2), and
tested them as modulators of EC growth. Structure-activity
relationship data generated using a series of malto-oligosac-
charide polysulfates ranging from a-methyl-glucopyranoside
tetrasulfate, to maltoheptaose with approximately 22 sulfates,
indicated that, for human microvascular lung EC, sulfated
malto-oligosaccharides inhibited cell proliferation. Increasing
size correlated with increased growth inhibition, and growth
inhibition correlated with their ability to bind to bFGF. The
same compounds tested on rat epidydimal fat pad microvascular
EC, however, showed a size-dependent stimulation of growth.
The growth stimulation increased from no stimulation with
a-methyl-glucopyranoside, to peak stimulation with 100 ug ml-1
maltotriose polysulfate, then decreased to no stimulation with
maltoheptaose polysulfate. Experiments are continuing to de-
termine if the differences seen are due to use of cells from
different species, cells isolated from different organs, or differ-
ences in the culture media used.

S7
Use of Capillary Zone Electrophoresis for the Study of
Low Affinity Interactions Between Heparin and Proteins

L. Valtcheval, S. Hjertén! and K. Gunnarsson?

Departments of 1 Biochemistry, and * Medical and Physiological
Chemistry, Uppsala University, Biomedical Center, P.O. Box
575, 8§-751 23 Uppsala, Sweden.

A procedure is outlined for studying low affinity interactions
between proteins and sulfated glycosaminoglycans (GAGs). It
is based on the difference in electrophoretic mobility of a free
protein as compared to the corresponding protein-GAG com-
plex. The migration time of the protein in capillary zone
electrophoresis (CZE) is determined in a series of experiments
in which the concentration of ligand (heparin in our study) in
the electrolyte solution is varied. With the recorded differences
in mobility, binding curves can be constructed, and the binding
constant determined. The method was applied to the interaction
between antithrombin (AT) and low affinity heparin. This
interaction is about a thousand times weaker (Kp = 19 um) [1]
than the interaction mediated by the specific pentasaccharide
sequence present in high affinity heparin that mediates the
strong interaction with AT (Kp = 19 nm) [1]. When the con-
centration of low affinity heparin in the system was varied from
0 to 1 mm, the mobility of antithrombin increased gradually.
Graphical presentation of the data gave a binding curve aligned
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with the theoretical curve for monovalent binding. Our estima-
tion of the binding constant was 16 um.
1. Nordenman B, Bjork I (1978) Biochemistry 17: 3339.

S7

Natural Human and Rabbit Anti-Carhohydrate
Antibodies: Difference in their Interaction with
Lactosylceramide and Lactosyl-Bovine Serum Albumin
Conjugates

M. Kordowicz!, N. Avemarie!, M. Wiesner! and B. Stahl?
1E. Merck, Pharmaceutical Research, Med. Chem., D-64271
Darmstadt, Frankfurterstr. 250.

2 Institut for Medical Physics and Biophysics, University of
Muenster, Germany.

In the course of our studies concerning active and passive
immunization of cancer patients, we aimed at the synthesis of
sugar-containing tumour associated antigens. To this end, we
applied the maleinimido coupling method of sugar to protein
bovine serum albumin (BSA). With the aid of this method we
coupled lactose, sialyllactose, disialyllacto-N-tetraose and
dimer Le* sugar epitopes to BSA. The number of the coupled
lactose sugar epitopes was e.g.: 1, 4, 6, 8, 10, 14, 19 and 22 per
mol albumin. The characterization of these glycoconjugates was
done with the aid of SDS-PAGE, chemical determination of
sugar and protein contents, molecular exclusion HPLC and
MALDI/MS. The interaction of human and rabbit immuno-
globulins with lactosylceramide (Galpl — Glcfl — Cer) and
Lac-BSA glycoconjugates was investigated with the aid of Elisa
tests. The control native antigens: GM1 ganglioside, asialo-
GM1 glycolipid, glycosphingolipid with Galal — 3Galp- ter-
minal sugar epitope, T- and Tn-glycoprotein were included in
these experiments.

The presence of natural, low affinity anti-lactosyl antibodies
in the plasma of healthy volunteers was determined. The
amount of them was independent of the level of known natural
anti-T, anti-Tn, anti-asialo-GM1 and anti-Galal — 3Galg anti-
bodies.

s7
Thermodynamics and Specificity of Oligosaccharide—
Protein Interactions

M. J. Milton and S. W. Homans
University of St Andrews, St Andrews, Fife, Scotland.

Many proteins implicated in disease states express their unique
functions by recognizing and interacting with oligosaccharides.
An understanding of the specificity of biomolecular inter-
actions, and ultimately the design of specific inhibitors, requires
a detailed characterization of the dynamic structures of pro-
teins, ligands, and their complexes. NMR is a powerful tool
with which to study lectin-carbohydrate interactions. Trans-
ferred nOe (trNOE) experiments can be used to determine the
conformation of a ligand in the bound state. The incorporation
of NMR active nuclei into the ligand allows only 'H spins
present in the oligosaccharide to be selectively detected.

The chemoenzymatic synthesis of 13C labelled sialic acid
(Neu5Ac), N-acetyl glucosamine (GIcNAc), and N-acetyl
lactosamine (LacNAc: GalB1-4GlcNAc) has been achieved on
the milligram scale. GIcNAc was synthesized via a one-pot
enzymatic synthesis of [U]-3C glucosamine 6-phosphate utiliz-
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ing [U]-3C fructose or glucose as starting materials. 13C-
NeuSAc was synthesized by base-epimerization of 3C-GlcNAc
to 13C-N-acetyl mannosamine (ManNAc) and converted to
BC-Neu5Ac by NeuAc aldolase in the presence of [U]-1*C
sodium pyruvate. 1¥C-LacNAc was synthesized in a one-pot
reaction, coupling the production of UDP-[U]-3C galactose
with 3C GIcNAc in the presence of lactose synthetase to
produce 13C labelled LacNAc.

Sialic acid and N-acetyl lactosamine are moieties commonly
found in glycolipids and glycoproteins; the incorporation of
these labelled sugars will allow the investigation of a large
number of carbohydrate—protein systems by NMR. Initially
both B3C-LacNAc and 3C-NeuSAc will be coupled together
to synthesize 3C-a2,6-sialylactosamine (NeuSAca2-6Galpl-
4GlcNAc) which binds the Triticurm Vulgaris lectin. Preliminary
studies using unlabelled ligand have shown that this complex is
amenable to NMR investigation using 2D-transferred NOESY
experiments.

S7

Syntheses of Deoxygenated Methyl
a-Isomalto-oligosaccharides and their Binding with an
Anti (1 — 6)-dextran Antibody 35.8.2H

E. Petrdkovd, C. P. J. Glaudemans
National Institute of Diabetes, Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, MD 20892, USA.

This laboratory is studying the binding of monoclonal, dextran-
specific antibodies. In the past a systematic method to map the
H-bonding interaction between saccharides and antibodies were
developed [1]. We are now studying IgG 35.8.2H, an antibody
capable of binding internal antigenic epitopes of the dextran [2].
We have found that in IgG 35.8.2H there is a perturbable
tryptophanyl residue in the general combining area, but it is
distant to the subsite possessing the highest affinity for its
glucosyl residue. In order to probe possible H-bonding inter-
actions we have prepared methyl a-isomalto-oligosaccharides
specifically deoxygenated at different positions [3-6], and here
report on some of our binding studies.

1. Glaudemans CPJ (1991) Chem Rev 91: 25-33.

2. Matsuda T, Kabat EA (1989) J Immunol 142: 863-70.

3. Petrdkova E, Kovéc P, Glaudemans CPJ (1992) Carbohydr
Res 233: 101-12.

4, Petrdkovd E, Glaudemans CPJ (1994) Glycoconjugate J 11:
17-22.

5. Petrdkova E, Glaudemans CPJ (1995) Carbohydr Res 268:
35-46.

6. Petrdkova E, Glaudemans CPJ, unpublished data.

S7
Evidence for Two Active Sites in Rat Liver
N-Acetylglucosaminide f1-4-Galactosyltransferase

G. Pohlentz, M. Trimborn and H. Egge
Institut fiir Physiologische Chemie, Nussallee 11, Bonn,
Germany .

n-Octyl-B-glucoside (OG) was found to serve as acceptor for a
Pl-4-galactosyltransferase (f1-4-Gal-T) from rat liver Golgi.
Another acceptor for $1-4-Gal-T was benzyl-S-glucosaminide
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(BGN). The galactosyl-transferase product obtained from BGN
was shown to be GalBl-4BGN by permethylation and sub-
sequent analysis by fast atom bombardment mass spectrometry
(FAB MS).

Experiments using OG and BGN as substrates and mutual
inhibitors resulted in mixed (non-competitive; K1 = K{) inhibi-
tion of OG galactosylation by BGN and vice versa. The
galactosylation of ovalbumin (OA), another substrate for f1-4-
Gal-T, was also inhibited by BGN in a non-competitive way.
These results suggested that take S1-4-Gal-T has two active
sites, which influence each other.

In order to get a closer look at this phenomenon the
‘divalent’ acceptor 1, 10-0-bis-(N-acetylglucosaminyl)-decane-
diol (GN,DEC; [1]) was synthesized and used as substrate for
B1-4-Gal-T. GN,DEC was converted to a mono- and a di-f1-4-
galactosylated product (demonstrated by permethylation and
FAB MS). With increasing acceptor concentration the relative
amount of diGal-GN,DEC decreased from 60% (at 50 um
GN,DEC) to 13% (at 200 um GN,DEC). This fact could be
explained by a displacement of one end of the ‘divalent’
acceptor from one of the active sites of B1-4-Gal-T by an
increasing number of free GN,DEC molecules. This result
again supports the idea that 1-4-Gal-T has two active sites.

Our model is in agreement with the findings of Ats et al.,
who suggested two separate GIcNAc binding-sites in bovine
galactosyltransferase [1].

1. Ats S-C et al. (1994) Carbohydr Res 252: 325-332.

S7

Conformation of an Oligosaccharide Accessed by
Molecular Dynamics Simulations and Selected in the
Lectin-Carbohydrate Complexes

Pradman K. Qasba, Petety V. Balaji and Vallurupalli S. R.
Rao

Laboratory of Mathematical Biology, DCBDC, NCI, NIH,
Bethesda, MD, USA.

The overall shape of N-linked oligosaccharides has generally
been considered to be dependent on the changes in the
orientation of the a1,6-arm brought about merely by the two
possible values of y, —60° and 180°. Molecular dynamics (MD)
simulations showed that the heptasaccharide Man-a1,6(Man-
@1,3)(Xyl-$1,2)-Man-$1,4-GlcNAc-1,4-(L-Fuc-a1,3)-GlcNAc,
the carbohydrate moiety of Erythrina corallondendron lectin
(EcorL) accesses a rare conformation that has been observed in
the crystal structure of EcorL, but was not predicted from
NMR. The MD simulations of this heptasaccharide and other
N-linked oligosaccharides reveal that the orientation of the
al,6-arm is not only affected by changing x but also by
changing ¢ and y while keeping x constant. The conformation
Ps, Yo, X = —62°, 76°, —67°, accessed rarely in MD simula-
tions, that has been found in the crystal structure, might present
a better complementary surface to bind to the symmetry-related
lectin molecule in the crystal. If the heptasaccharide is not in
this conformation while initiating the binding process the
conformation around Man-al,6-Man will be altered by chan-
ging ¢ from its preferred value of 180° to 76°, to provide better
complementary surface and to form additional hydrogen bonds.
The conformational data derived from MD simulations not only
provide a stereochemical explanation for the observed struc-
tures in the crystals of the lectin-oligosaccharide complexes, but
also reveal a range of conformations an oligosaccharide can
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access, information which is vital for understanding carbo-
hydrate-protein interactions.

S7

Isothermal Titration Calorimetry Characterization of Rat
Mannose-binding Protein Carbohydrate-recognition
Domains

M. S. Quesenberry, E. Friere and Y. C. Lee
Department of Biology, The Johns Hopkins University,
Baltimore, MD 21218, USA.

The carbohydrate-recognition domain (CRD) of the serum and
liver mannose-binding proteins (MBP) have been purified from
a bacterial expression system. Sensitive isothermal titration
calorimeters (ITC) allowed direct measurement of the heats of
binding for a panel of methyl pyranosides which are known to
bind these lectins. The binding isotherms obtained from these
data were analysed by least-squares fitting to determine associ-
ation constant, molar enthalpy, free energy, and molar entropy
of binding. Stoichiometry was determined by allowing the
least-squares fitting programme to float the parameter n, the
number of sites. For binding of mannose, the data fit » = 2 for
the liver CRD, and n = 1 for the serum CRD. Consistent with
this difference in stoichiometry for mannose, ITC measure-
ments for binding a synthetic bivalent mannose-terminated
cluster ligand show K, in the range of 10° for serum MBP CRD
and 10° for liver MBP CRD. The enhanced binding affinity for
liver CRD known as the cluster effect is apparently enabled by
an additional mannose-binding site in the liver CRD that is not
observed in the homologous serum CRD.
Supported by DK 09970 and DK 08547.

§7
Structural Requirements for Platelet-Derived Growth
Factor-Heparin Interaction

M. Salmivirtal, E. Feyzil, F. Lustig2,
U. Lindahl!

1 Department of Medical and Physiological Chemistry, Uppsala
University, S-75123 Uppsala, Sweden.

2The Wallenberg Laboratory for Cardiovascular Research,
University of Gothenburg, 5-40033, Gothenburg, Sweden.

G. Fager? and

Platelet-derived growth factor (PDGF) plays an important role
in the pathogenesis of atherosclerosis by inducing abnormal
smooth muscle cell (SMC) proliferation in the arterial wall.
Previous studies indicate that heparin and heparan sulfate bind
PDGF and inhibit PDGF-induced arterial SMC growth in vitro.
In this study we have analysed the structural requirements in
heparin needed for binding to homodimers of long PDGF-A
chains (PDGF-AAy;s) by using a nitrocellulose filter-trapping
assay of protein-heparin complexes formed in solution. Intact
heparin and heparin fragments =18 disaccharide units in length
showed saturable, high-affinity binding to PDGF-AAy;s;. The
smallest fragment with PDGF-AA[;s binding activity was an
octamer showing about 30% binding compared to =18-mer
fragments while 14-mer and larger fragments showed maximal
binding. We next characterized the ability of differentially
modified =18-mer heparin fragments to inhibit the heparin-
PDGF-AA;,s interaction. Only unmodified (fully sulfated)
heparin was able to entirely inhibit the binding at concentra-
tions of 0.5-5 ugml-1. Selectively N-desulfated and 2-O-desul-
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fated heparin preparations with normal 6-O-sulfation inhibited
the binding 48% and 45% at 5 ugml-1, respectively. De-N-sul-
fated and de-6-O-sulfated heparins carrying 35% or 70% of the
normal 2-O-sulfate had no inhibitory effect. Interestingly,
N-sulfated heparins with 35% or 70% 2-O-sulfate contents of
normal heparin, but lacking 6-O-sulfate inhibited the binding
only 27% and 34%, respectively. The finding that 6-O-desulf-
ated but fully N-sulfated and up to 70% 2-O-sulfated heparin
had relatively weak inhibitory effect may indicate that the
6-O-sulfate groups are particularly important for the PDGF-
AAj,s-heparin interaction.

§7
Ganglioside Induced Adherence of BTx and TTx to
Adducin

C-L. Schengrund!, B. R. DasGupta? and N. J. Ringler!

1 Department of Biochemistry and Molecular Biology, The PA
State University College of Medicine, Hershey, PA 17033, USA.
2 Department of Food Microbiology and Toxicology, University
of Wisconsin, Madison, WI 53706, USA.

Preincubation of botulinum toxin serotype A (BTxA) or of
tetanus toxin (TTx) with GT1b was found to enhance adherence
of BTxA and be required for adherence of TTx to two proteins
on blots of SDS-PAGE separated synaptosomal proteins. One
protein, identified previously, was synapsin I. The second had
an apparent molecular mass of ~116 kDa. Preincubation of
either neurotoxin with GD3 resulted in greater adherence to
this protein than was seen with GT1b. A purified preparation of
the water soluble ~116 kDa protein was obtained by prepara-
tive column SDS-PAGE and 2D gel electrophoresis. Since the
amino terminus of the protein was blocked, N-terminal amino
acid sequence analysis was done using tryptic fragments isolated
by HPLC. Data bank analysis of the N-terminal sequences
obtained (IENPN QFVPL YTDPQ EVLDM R, and HKSEV
EIPAT VTAFV FEEDG APVPA LR) indicated that the
protein was adducin, a cytoskeletal protein. Based on these
observations, we suggest that binding of the neurotoxin to
gangliosides of the ‘b’ series present in nerve terminals induces
a conformational change which permits either the intact or light
chain portion of the toxin to adhere to synapsin and/or adducin.
The resultant localization of the toxin would enhance the light
chain catalysed proteolysis of a protein involved in the ‘docking’
of synaptic vesicles.
Supported in part by AI 237211 and NS 177422,

57
What Defines Specificity of Chemokine-
Glycosaminoglycan Interaction?

D. Spillmann and U. Lindahl
Department of Medical and Physiological Chemistry,
Biomedical Centre, University of Uppsala, Sweden.

The large family of chemokines act on a broad range of
different cells after binding to distinct receptors. Heparin/
heparan sulfate chains have been postulated to assist in the
process of individual chemokine action, participation ranging
from passive sequestration/presentation of ligand to active
promotion of the signalling process by direct modulation of
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receptor-ligand interaction. In order to analyse whether differ-
ent chemokines exploit the structural variability of heparan
sulfate sequences and have specific requirements for recogni-
tion of glycosaminoglycan chains, we have used both modified
heparin fragments as well as heparan sulfate chains as tools.
The strategy has been based on chemical modification of
heparin, fragmentation of the chains and application of 3H-
labelled fragments to an in-solution trapping assay with the
appropriate protein. The procedure enables selective enrich-
ment of binding sequences which can be analysed on molecular
level and tested for their biological effects. Several heparin
binding chemokines show distinct motif-requirements to in-
teract with glycosaminoglycan chains. The spectrum of ‘specifi-
city’ in recognition ranges from high-sulfation blocks in the
polysaccharide with otherwise no defined specific sequence
requirements, as in the example of the cytokine interleukin-8,
to a more defined requirement for specific sulfate groups at
specific positions, as exemplified for the basic fibroblast growth
factor. Our findings underline the wide possibilities of tissue
specific modulation of chemokine action by heparan sulfate
chains present on cell surfaces and in extracellular matrices.

S7
Recognition of Carbohydrates by the Macrophage
Mannose Receptor

N. P. Mullin and M. E. Taylor
Glycobiology Institute, Department of Biochemistry, University
of Oxford, South Parks Road, Oxford OX1 3QU, UK.

The macrophage mannose receptor mediates binding and inter-
nalization of glycoconjugates terminating in mannose, fucose or
N-acetylglucosamine. The receptor is believed to act as a
molecular scavenger by clearing endogenous proteins which
bear high mannose oligosaccharides, such as lysosomal en-
zymes, and by phagocytosing micro-organisms with a high
density of mannose at their cell surfaces. The extracellular
portion of the receptor consists of a cysteine-rich domain, a
fibronectin type II repeat and eight segments related in
sequence to Ca2*-dependent carbohydrate-recognition domains
(CRDs) of animal lectins. The carbohydrate-binding activity of
the receptor resides in the CRDs. A single CRD, CRD 4, can
mimic the monosaccharide-binding properties of the receptor,
but binds poorly to glycoproteins. CRDs 4 and S form a ligand
binding core sufficient to bind some ligands with high affinity
but the affinity of the intact receptor for yeast mannan is only
attained when CRDs 4-8 are present. In contrast to the
mannose-binding proteins and asialoglycoprotein receptor,
which appear to have a relatively rigid arrangement of CRDs
determined by association of multiple subunits, the multiple
CRDs in the mannose receptor may be arranged more flexibly
to allow interaction with a more diverse set of oligosaccharides.
Current studies are aimed at determining how each CRD
interacts with sugars and how the CRDs are arranged to match
the conformation of oligosaccharide ligands. NMR studies on
CRD 4 produced in bacteria indicate that this CRD binds
mannose, fucose and N-acetylglucosamine at the same site. The
hypothesis that the spatial arrangement of the CRDs is impor-
tant in determining affinity and specificity of binding is being
tested using a series of mutant proteins in which the length of
the spacer region between CRDs 4 and 5 has been changed.
Binding of these mutants to carbohydrates is being studied.
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S7

A New Sensitive Assay for the Evaluation of Interaction
Between Basic Fibroblast Growth Factor and Heparin or
Heparan Sulfate

C. Foxall, P. Fugedi, C. Peto and Z. Wei
Glycomed Inc., Alameda, CA, USA.

Basic fibroblast growth factor (bFGF, FGF-2) is a member of
the heparin-binding growth factor family that interacts with cell
surface and extracellular matrix heparan sulfate proteoglycans
(HSPG). These interactions have significant biological func-
tions, such as protection of the growth factor, mitogenic
activity, and angiogenesis. Several assays used to study the
binding of bFGF with HSPG have used cells as detectors of
binding. These have included binding of transfected UC 729-6
cells to immobilized bFGF, proliferation of adrenal cortex
endothelial (ACE) cells, and angiogenesis in the chorioallantoic
membrane of fertilized chick eggs.

The assay we have developed eliminates the need to use cells
in assessing bFGF and HSPG binding. This assay uses biotinyl-
ated heparan sulfate or heparin to bind to bFGF adsorbed to
96-well microtitre plates. Streptavidin conjugated with alkaline
phosphatase is reacted with the labelled glycosaminogliycan.
The amount of heparan sulfate or heparin bound is determined
by the enzyme reaction with p-nitrophenylphosphate read as
O.D.405.

This assay can be used for direct binding or as a competition
assay. Potential inhibitors of bFGF and HSPG binding can be
added with the labelled material and inhibition of binding
measured by the reduction in signal. We have shown the
heparin and heparan sulfate inhibit binding whereas chondroitin
sulfate, dermatan sulfate, and keratan sulfate do not. Addition-
ally we have shown that sulfated malto-oligosaccharides inhibit
heparan sulfate binding to bFGF and that their potency
increases with increased size. Thus this assay provides a
convenient assay for the study of bFGF-glycosaminoglycan
interactions as well as a rapid screen for potential bFGF
inhibitors.

S7

Native and Asialo-Tamm-Horsfall Glycoproteins as
Important Ligands for the Detection of GalNAcf1— and
Galfl — 4GIcNAc Active Lectins

A. M. Wu and W. M, Watkins

Glyco-Immunochemistry Research Laboratory, Institute of
Molecular and Cellular Biology, Chang-Gung Medical College,
Kweisan, Taoyuan, Taiwan, and Hammersmith Hospital,
Department of Haematology, London, UK.

The binding properties of human Tamm-Horsfall Sd(a+) urin-
ary glycoprotein (THGP) and asialo-THGP with various ap-
plied lectins was investigated by quantitative precipitin and
precipitin inhibition assays. Both glycoproteins completely pre-
cipitated Abrus precatorius agglutinin (APA). They also
reacted well with Wistaria floribunda (WFA), Glycine max
(soybean, SBA), and Ricinus communis agglutinins and pre-
cipitated over 78% of the lectin nitrogen added, but reacted
poorly or weakly with all a-anomeric GalNAc specific lectins.
The glycoprotein-lectin interaction was inhibited by Gal-
NAcfl—, Galfl — 4GlcNAc, or by both. The findings suggest
that Sd(a+)THGP and asialo-THGP are among the best
water-soluble glycoprotein ligands for GalNAcpfl— and Gal
Bl — 4GlcNAc active lectins.
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S7
Surface Plasmon Resonance Analysis of Ligand Binding
by Mutants of an Anti-Carbohydrate Antibody

C. R. MacKenzie!, T. Hiramal!, D. R. Bundle?, S. A. Narang!
and N. M. Young!

1nstitute for Biological Sciences, National Research Council of
Canada, Ottawa, Canada KI1A OR6.

2 Department of Chemistry, University of Alberta, Edmonton,
Canada T6G 2G2.

Mutant forms of a single-chain Fv (scFv) specific for the
Salmonella serogroup B O-polysaccharide were isolated from
phage libraries and analysed for their ligand binding kinetics by
surface plasmon resonance. Affinities for BSA-O-polysac-
charide conjugate were calculated by equilibrium binding analy-
sis and from rate constants derived from linear and non-linear
analysis of the binding data. It was found that the phage
panning process selected for mutants which tended to form
dimers, and that the presence of even trace amounts of dimer in
the purified scFvs seriously compromised the calculation of
association rate constants, due to avidity effects giving biphasic
association kinetics. The affinities obtained for homogeneous
monomer samples, with dissociation rates obtained in the
presence of free trisaccharide ligand, were in good agreement
with values derived from titration microcalorimetry. Dimeric
samples showed monophasic association with 5-10 fold higher
rates and biphasic dissociation with equal or 30 fold lower rates
respectively than monomers. These results resolve some of the
conflicts between surface plasmon resonance and micro-
calorimetry data, and quantify the effects of valence in this
protein-carbohydrate interaction system.

S7
LS, A Functional Antigen in Early Neural Development is
Lex (SSEA-1)

A. Streit!, C.-T. Yuen?, R. W. Loveless?, A. Lawson2,
J. Finne3, B. Schmitz4, T. Feizi?, C. Stern!

1 Department of Genetics and Development, College of
Physicians and Surgeons of Columbia University, New York,
USA.

2MRC Glycosciences Laboratory, Harrow, UK.

3Department of Medical Biochemistry, University of Turku,
Finland.

4 Biochemical Laboratory of the Institute of Animal Anatomy
and Physiology, Bonn, Germany.

L5 is a murine antibody which has been shown to bind to
neurons and astrocytes of the cerebellum. The L5 antigenic
determinant is expressed on multiple glycoproteins: the neural
cell-adhesion molecule L1, the Thy-1 glycoprotein, the chon-
droitin sulphate proteoglycan astrochondrin and several compo-
nents not yet characterized. In early chick embryo, the LS5
antigen is expressed initially by cells that are competent to
respond to neural inducing signals but becomes rapidly re-
stricted to and upregulated in the developing nervous system.
L5 antibody interferes with neural induction in vive suggesting
that the L5 epitope itself plays a role during early neural
development. The L5-positive glycoproteins isolated from
murine and pig brains were shown to lose their L5 immunoreac-
tivity after treatment with peptide N-glycosyl hydrolase F but
there was no change after endoglycosidase D and H or
chondroitinase ABC. N-linked oligosaccharides were released
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by hydrazinolysis from L5-positive glycoproteins, converted
into neoglycolipids, and L5-immunoreactive components were
analysed by chromatogram binding assays and TLC-LSIMS [1].
In addition a panel of neoglycolipids of the blood group series
were assessed for L5 immunoreactivities, and the free oligosac-
charides were teated as inhibitors of L5 antibody binding. The
LS5 epitope was thus identified as Le* (SSEA-1).

1. Feizi et al. (1994) Methods Enzymol 230: 484-519.

S7
Effect of N-glycan on the Interaction of Fibronectin and
its Receptor

Xiliang Zha, Lihuan Cao, Huili Chen
Department of Biochemistry, Shanghai Medical University,
P. R. China.

We have studied the role of N-glycan in the interaction between
fibronectin (Fn) and fibronectin receptor (FnR). When the
HT1080 cells are treated with 1 ugml~! tunicamycin (TM), the
synthesis of N-glycan is depressed dramatically. Fn deprived of
N-glycan can still be secreted, and the amount of FN secreted is
similar to the cells without TM treatment. Experimental binding
of human plasma Fn to the FnR on the cell surface shows that
the Fn binding sites on the cell surface decreased by 80% after
TM treatment, the binding affinity (by Scatchard analyses) and
the endocytosis rate of FnR in the TM treated cell do not alter.
Since not all FnR molecules on the cell surface are deprived of
N-glycan after TM treatment, Fn binding sites on the treated
cell surface may represent those FnR molecules which still have
N-glycan. Also FnR without N-glycan cannot be assembled on
to the cell membrane. The same result has been obtained from
the interaction between human placenta Fn and FnR. It was
well known that N-glycan of plasma Fn is biantennary and
placenta Fn is triantennary and tetraantennary. The binding
affinities of these two kinds of Fn ligand for FnR are similar.
This suggests that the structural difference of N-glycan of Fn
does not affect Fn binding to FnR.

The author gratefully acknowledges the support of K.C.
WONG Education Foundation, Hong Kong.

S7

A Monoclonal Antibody Against Rat Liver Dipeptidyl
Peptidase IV Binds to a Common Glycan Epitop on
Glycoproteins and Glycosphingolipids
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M. Zimmermann-Kordmann!, S. Hartel-Schenk!, B. Kniep?
and W. Reutter!

LInstitut fiir Molekularbiologie und Biochemie der Freien
Universitit Berlin, Arnimallee 22, D-14195 Berlin, Germany.
2AG Immunbiologie, Gesellschaft fiir Biotechnologische
Forschung mbH, Mascheroder Weg 1, D-38124 Braunschweig,
Germany .

The monoclonal antibody (mab) 25D (IgG3 isotype) was
developed against the glycoprotein dipeptidyl peptidase IV
(DPP 1V) from rat liver plasma membrane. As previously
described, several findings indicated the involvement of sialy-
lated N-glycans in antigen antibody interaction [1]. To charact-
erize the epitope we investigated the affinity of mab 25D to
naturally occurring glycosphingolipids and artificial neoglyco-
lipids derived from N-glycans of antigenic glycoproteins in
antibody overlay assays on thin layer chromatograms (TLC).

Discrete glycolipid bands were immunostained by mab 25D
on TLC of monosialogangliosides from granulocytes. Using the
monoclonal antibodies HD66 with known specificity [2] as
reference these bands could be identified as 2-6 sialosylneo-
lactotetraosylceramid and 2-6 sialosylneolactohexaosylceramid.
Thus mab 25D can be filed as a CD76 specific antibody.

Rat serum was found to contain a great number of glycopro-
teins which are immunostained by mab 25D. N-glycosidically
bound oligosaccharides were cleaved from these glycoproteins
by PNGase F, separated from peptides and coupled to r-1,2-
dihexadecyl-sn-glycero-3-phosphoethanolamine (DHPE). The
mixture of neoglycolipids was separated by tlc and immuno-
stained using mab 25D. One single neoglycolipid band was
stained, which was assigned by the relative mobility to a group
of neoglycolipids derived from bisialylated N-glycans.

From the findings the epitope of mab 25D can be assigned to
the tetrasaccharide structure NANA-a2-6-Gal-f81-4-GlcNac-f1-
3-Gal-f1-, which is common to the above mentioned ganglio-
sides and the terminal region of N-glycans with repeating
N-acetyllactosaminyl groups localized in at least one of the
antennae.

Since number and chain length of prolonged N-glycans in cell
surface glycoproteins is often associated with the differenciation
of the cell, mab 25D is expected to be a useful tool as a
differentiation marker.

1. Hartel-Schenk S, Loch N, Zimmermann M, Reutter W
(1991) Eur J Biochem 196: 349-55.

2. Kniep B, Mihlradt PF, Dorken B, Moldenhauer G, Vilella
R, Schwartz-Albiez R (1990) FEBS Lett 261: 347-49.

S8. DOLICHOL-LINKED PATHWAYS REGULATING GLYCOSYLATION

Chairs: Phil Robbins, Markus Aebi

S8. 9.50am
Introduction by Phil Robbins

S8. 9.55am
N-linked Glycosylation of Proteins in the Endoplasmic
Reticulum of Saccharomyces cerevisiae

M. Aebi, S. te Heesen, R. Zufferey, G. Reiss and P. Burda
Mikrobiologisches Institut, ETH Ziirich, CH-8092 Ziirich,
Switzerland.

N-linked glycosylation of proteins is a highly conserved process
in the endoplasmic reticulum (ER) of eukaryotic cells. The core
oligosaccharide Glc;MangGlcNAc; is transferred from the lipid
dolichol phosphate to selected asparagine residues of nascent
polypeptide chains, a reaction catalysed by the N-oligosaccharyl
transferase complex.

Using yeast genetic techniques, we have identified different
components of this multimeric enzyme. To study the complex
biosynthetic pathway of the lipid-linked core oligosaccharide,
we have designed novel approaches to identify yeast genes
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involved in this process. We have isolated different loci
encoding enzymes necessary for the synthesis of the core
oligosaccharide. The cloning of these genes will make it possible
to clarify the topology of oligosaccharide biosynthesis and its
organization at the ER membrane.

S8. 10.25am

2-D NMR Analyses Reveal a Specific Interaction Between
Polyisoprenols (PIs) and the Polyisoprenol Recognition
Sequences (PRS) in Model Membranes

G. P. Zhou and F. A. Troy, II
Department of Biological Chemistry, University of California,
School of Medicine, Davis, CA 95616, USA.

NeuE and KpsM, two proteins implicated in the synthesis
and/or translocation of the polysialic acid capsule in neuroinva-
sive E. coli K1, both contain a 13 amino acid polyisoprenol
recognition sequence (PRS) in the transmembrane domain of
the proteins.

1D and 2D (TOCSY) 500 MHz 'H-NMR studies of the NeuE
peptide showed significant changes in the chemical shifts of the
NH protons and & protons on selective amino acid residues in
the presence of the polyisoprenols (PIs), dolichol (Css),
Cos-phosphate (Cos-P) and undecaprenyl phosphate (Css-P).

2D NOE and NH-CaH vicinal coupling constants indicated
amino acid residues 1 to 7 in NeuE contained more w-helix-like
character, while residues 8 to 13 contained a more extended
B-sheet-like conformation. Based on these 2D NOE results,
and on energy minimization and simulated annealing methods,
we have obtained a 3D docking structure of the NeuE peptide
binding to the PIs. These results show that Leu! and LeuS
interact specifically with Cys, and that Ile?, Leu® and Ile’ make
direct contact with Cgs-P. Docking induces a conformational
change in the NeuE peptide since a more compact structure in
the B-sheet region of the peptide occurs after contact with PI.
Further, NeuE has a slightly different conformation when
bound to Cys, compared to Cys-P. This may result from a
slightly different conformation and orientation of Cys and Cos-P
in viscous medium.

An energy minimized structure of Cgs-P and Css-P was
determined, which unexpectedly revealed an overall length of
33 A and 20 A, respectively. Molecular modelling showed that
each bind several PRS peptides. This finding supports our
earlier hypothesis of a bifunctional role for the PIs. The central
idea is that these ‘super-lipids’ may function as a flexible matrix
or scaffolding to organize and tether proteins of multienzyme
complexes in order to link functions of biosynthesis and
translocation.

$8. 10.40am

Phytanyl-linked N,N’-Diacetylchitobiose as an Alternative
Substrate for Recombinant and Native Yeast
Mannosyltransferases

1. B. H. Wilson*, M. C. Webberley, L. Revers and S. L. Flitsch
Dyson Perrins Laboratory, University of Oxford, OX1 3QU,
UK.

*Present address: Institut fiir Chemie der Universitdt fiir
Bodenkultur, A-1180, Wien, Austria.
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Dolichol is utilized in vivo as the anchor on which the precursor
for N-linked oligosaccharides is assembled, but previous results
have indicated that phytanol can substitute for dolichol as the
substrate anchor for yeast $-1,4-mannosyltransferase and Dol-
P-Man synthetase. Dolichyl- and phytanyl-linked N,N’-
diacetylchitobiose were synthesized chemically and both were
used successfully as substrates for a recombinant decahistidinyl-
tagged transmembrane-domain-deleted form of the yeast 5-1,4-
mannosyltransferase (Algl) which was expressed in E. coli and
immobilized on a metal chelating resin. The B-[*H]manno-
sylated lipids generated by this enzyme were then used as
substrates for the subsequent mannosyltransferases from yeast
or rat liver microsomes. After mild acid hydrolysis the products
were analysed by Bio-Gel P4 and high performance anion
exchange chromatographies. It was found that multi-nanomolar
quantities of both dolichyl- and phytanyl-linked substrates were
mannosylated to form MansGIcNAc,. Digestion with Aspergil-
lus mannosidase indicated that the correct ‘anabolic’ isomer of
MansGIcNAc, had been formed with the phytanyl-linked sub-
strate. Subsequently, at the level of 50 pmol of lipid-linked
substrate, some further mannosylation to Man,GlcNAc, and
ManyGIcNAc, was detected with both dolichyl- and phytanyl-
linked substrates — the amount of Dol-P-Man generated en-
dogenously was not limiting. Our results indicate: that a
recombinant truncated form of yeast $-1,4-mannosyltransferase
can be used to generate lipid-linked oligosaccharides with only
one residue labelled; that removal of the transmembrane
domain does not affect the ability of yeast §-1,4-mannosyltrans-
ferase to utilize the dolichyl-linked substrate; and that dolichol
is not necessary in vitro as part of the substrate for the
mannosyltransferases in the biosynthetic pathway for N-glycosy-
lation.

S8. 10.55am
The Topography of Yeast Dolichol-Phospho-Mannose
Synthase in Membranes

John S. Schutzbach, Patsy Hughey and W. Thomas Forsee
University of Alabama at Birmingham, Birmingham, AL 35294,
USA.

Dolichyl-P-mannose synthase is a membrane-bound enzyme in
the endoplasmic reticulum that catalyses the formation of a key
intermediate for the biosynthesis of asparagine-linked oligosac-
charides, O-linked mannosyl units, and the glycosyl-phospha-
tidylinositol anchor found on many membrane-bound proteins.
Yeast synthase has been cloned [1], and the recombinant
enzyme was purified to homogeneity from an E. coli
high-expression vector. Little information is currently available,
however, about the interaction of the protein with lipids or
about the topology of the enzyme in ER membranes. We have
demonstrated that Cys-93 is located near the substrate-binding
site of the enzyme but is not required for catalysis. Detergent
solubilized enzyme is also inhibited by diethyl pyrocarbonate
(reversible by hydroxylamine) indicating that a reactive histi-
dine residue is involved in the catalytic mechanism. In addition,
the enzyme is inhibited by amine reactive reagents including
3,3'-Dithiobis(sulfosuccinimidylpropionate) and N-hydroxy-
succinimidobiotin. Substrates protect against inactivation by all
of these reagents, suggesting that the reactive amino acids are
located in or near the active site of the enzyme. Reconstitution
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of the enzyme with phospholipids protects against inactivation
providing evidence that the active site of the enzyme lies in
close proximity to the membrane.

Supported by NIH Grant GM47492,
1. Orlean P, Albright C, Robbins PW (1988) J Bio! Chem 263:
17499-507.

S8. 11.10am
Protein Phosphorylation: A ‘Master Switch’ Regulates
Dolichol-Linked N-Glycosylation Pathway

Dipak K. Banerjee, Eira Aponte, Jaime J. DaSilva and
Wieslaw J. Kozek

Departments of Biochemistry and Microbiology and Medical
Zoology, School of Medicine, University of Puerto Rico, San
Juan, PR 00936-5067, USA.

Increased glycosylation of eukaryotic asparagine-linked glyco-
proteins by f-adrenoreceptor stirnulation was independent of
intracellular Dol-P pool but dependent upon increased oligosac-
charide-PP-Dol synthesis and turnover.

Biochemical studies supported the fact that it was not due to
increased gene expression but perhaps due to a phosphorylation
of Dol-P-Man synthase by a cAMP-dependent protein kinase
(PK). This claim was confirmed by observing a two-fold
increase in the Vi, and detection of a 32 kDa phosphoprotein
comigrating with the enzyme activity on SDS-PAGE, respond-
ing monospecifically to the antibody and coeluting with the
synthase from an antibody-affinity column after protein phos-
phorylation. PK type I (PKI) deficient mutants which were
synthesizing quantitatively less but full-length oligosaccharide-
PP-Dol showed a three- to four-fold higher K, for GDP-
mannose and a reduced K.,,.

Regulation of Dol-P-Man synthase by PKI strongly supported
its cytoplasmic orientation. In a series of immunocytochemical
studies we have now observed that Dol-P is not only unidirec-
tionally distributed but co-localized with the synthase.

S8. 11.25am

Endoplasmic Reticulum-to-cytosol Transport of Free
Polymannose Oligosaccharides in Permeabilized HepG2
Cells

S. E. H. Moore, C. Bauvy, and P. Codogno
INSERM U410, Faculté de Médecine Xavier Bichat, BP 416,
75870 Paris CEDEX 18, France.

Free polymannose oligosaccharides rapidly appear in both the
vesicular and cytosolic compartments of HepG2 cells during
glycoprotein biosynthesis. Here we investigated the possibility
that some free oligosaccharides, originating in the lumen of the
endoplasmic reticulum (ER), are transported directly into the
cytosol. Incubation of metabolically radiolabelled cells, permea-
bilized with streptolysin O, in the absence of ATP at 37 °C led
to the intravesicular accumulation of free ManyGlcNAc, which
was generated from dolichol-linked oligosaccharide in the ER.
This oligosaccharide remained stable within the permeabilized
cells unless ATP was added to the incubations at which time the
ManyGIlcNAc, was partially converted to MangGIcNAc,, and
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both these components were released from an intravesicular
compartment into the incubation medium. In contrast when
permeabilized cells, primed with either free triglucosyl-oligosac-
charide or a glycotripeptide, were incubated with ATP both
these structures lost a single mannose residue but remained
associated with the permeabilized cells. Under optimum condi-
tions for oligosaccharide transport we were neither able to
detect the release of glycoproteins from the permeabilized cells
nor were able to detect Golgi-type processing of oligosac-
charides N-linked to glycoprotein despite the fact that we
showed Golgi-a-mannosidase I to be functional in the permea-
bilized cells. Accordingly as the conditions in which free
oligosaccharides were transported out of the permeabilized cells
into the incubation medium did not permit vesicular transport
of glycoproteins from the ER to the Golgi apparatus our data
demonstrate the presence of a transport process for the delivery
of free polymannose oligosaccharides from the ER to the
cytosol.

§8. 11.40am

Cytosolic Man;GlcNAc,
[Manal-2Maneal-2Manel-3(Manal-6)Manf1-4GlecNAc]
as Degradation Final Product of Oligomannosides
Released During N-glycosylation

R. Cacan, D. Kmiécik and A. Verbert

Université des Sciences et Technologies de Lille, Laboratoire de
Chimie Biologique - UMR N° 111 CNRS - 59655 Villeneuve
d’Ascq Cedex, France.

Oligosaccharide-phosphates, neutral oligosaccharides possess-
ing one (OSGn,) or two (OSGn;) GlcNAc at the reducing end
have been described to be released during the N-glycosylation
process in various biological models and, in our case, in CHO
and Man-P-Dol deficient CHO mutant cells.

It has been demonstrated that oligosaccharide-phosphates
originate from the cleavage by a specific pyrophosphatase of
non-glucosylated cytosolic faced oligosaccharides-PP-Dol and
chiefly the MansGlcNAc,-PP-Dol. The MansGlcNAc,-P is re-
covered in the cytosolic compartment and is further degraded to
Man;GlcNAc; by not yet depicted enzymes.

In contrast OSGn, produced from hydrolysis of oligosac-
charide-PP-Dol (presumably as a transfer reaction on to water)
when the amount of protein acceptor is limiting, are generated
into the lumen of rough ER. They are further submitted to
processing a-glucosidases and rough ER mannosidase and are
(mainly as MangGlcNAc,) exported into the cytosolic compart-
ment. There, the OSGn, is transformed into OSGn; by a
cytosolic chitobiase. This chitobiase action appears as a pre-
requisite to further activity of cytosolic mannosidase(s) to give
the MansGlcNAc;: [Manal-2Manal-2Mana1-3(Mana1-6)-
Manp1-4GleNAc] as final product.

In addition pulse chase experiments showed that Mans-
GlcNACc, is still produced after oligosaccharide-phosphates and
OSGn, have been catabolized (after 1 h chase), indicating an
additional source of this product. We demonstrated that Mans-
GlcNACc; also originated from the degradation of newly synthes-
ized glycoproteins in the rough ER or a closely related
compartment. The sequence of events and related ER enzymes
involved in this glycoprotein degradation process are under
investigation.
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S8

Disturbances in the Dolichol-linked Pathway and in
Antioxidant Metabolism in Human Arteriosclerotic
Vessels

I. Eggens, F. Aberg, C. Edlund, A. Sundberg, Z. Guan and
Y. Wang

Clinical Research Center, Division of Medical Cell Biology,
Novum, Huddinge Hospital, S-141 86 Huddinge, Department of
Biochemistry, Arrhenius Laboratories for Natural Sciences,
Stockholm University, S-106 91 Stockholm and Department of
Clinical Neuroscience and Family Medicine, Division of Family
Medicine, Karolinska Institute, Diagnosvigen 8, S-141 54
Huddinge, Sweden.

Lipids play a central role in the genesis of arteriosclerosis.
Several publications show that the early steps in the arterio-
sclerotic process are caused by disturbances in lipid and
lipid-protein metabolism within or close to the vessel wall. The
accumulation of the so called low density lipoproteins (= LDL)
in a modified (i.e. oxidized) form is an important event in the
process; since this facilitates the initiation or even ‘triggers’ the
whole arteriosclerotic process. The LDL-particles circulating in
the blood are, involved in transport and metabolism of various
lipids, and it is suggested by several groups that they are
influenced by chemical ‘stress’ of different kind i.e. oxygen-free
radicals. In studies where chemicals have been used, which have
antioxidative properties, LDL particles have been protected
against oxidation. This has led to a slowing of the arterio-
sclerotic process. Preliminary data from my study of human
vessels have shown altered lipid levels in the vessel wall;
indicating a disturbed lipid metabolism in arteriosclerotic ves-
sels. The biological material was obtained from two groups;
human normal and arteriosclerotic aortic vessels. After pre-
paration, homogenization, extraction and isolation on HPLC,
the various lipids were quantitated. Some lipids were further
processed after which fatty acids were studied by GC-techno-
logy. In arteriosclerotic vessels the antioxidant ubiquinone
(Q10) = coenzyme Q clearly seems to increase (the major part
is in a reduced form), which supports the idea of an increased
demand during the oxidative stress. Dolichol levels are slightly
decreased while dolichol-esters were moderately increased. The
dolichol pattern (i.e. the composition of polyisoprenes of
various length) was not altered when the normal and arterio-
sclerotic regions were compared. Cholesterol- and choles-
terolesters are dramatically increased, whereas phospholipids
showed a moderate increase and a relative increase of sfingo-
myelin and phosphatidylcholine when compared to normal. The
fatty acid pattern in individual phospholipids showed modest
alterations when the two groups were investigated. The study
shows that lipids in the mevalonate pathway and dolichol-linked
pathway are involved indirectly or directly in the arteriosclerotic
process.

S8
Mannosyl-P-Dolichol Stimulates the Formation of
GlcNAc-P-P-Dolichol but not (GlcNAc),-P-P-Dolichol

E. L. Kean
Case Western Reserve University, Cleveland, Ohio, USA.
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Previous studies from this laboratory have revealed that man-P-
dol acts as an allosteric activator of the initial reaction of the
dolichol pathway [1]. However, since the conversion of
GlcNAc-P-P-dol to (GlcNAc),-P-P-dol is a sequential reaction,
stimulation of the former will also lead to an increased
formation of the latter. Further studies were carried out to
investigate the direct site of the stimulatory effect of man-P-dol.
The rationale was to examine the influence of the activating
compound on the synthesis of (GlcNAc),-P-P-dol using
GlcNAc-P-P-dol synthesized in situ as the substrate. A two
phase incubation protocol was followed in which microsomes
from the retina of the embryonic chick were incubated during
the first phase in the presence of a complete GlcNAc-lipid
synthesizing system using non-radioactive UDP-GIcNAc as a
substrate. During the second phase UDP[*H]GIcNAc was
added and the incubation continued in the presence or absence
of tunicamycin and the presence or absence of man-P-dol. In
the presence of tunicamycin the only radioactive (GlcNAc),-P-
P-dol that would be formed during the second phase would be
those molecules generated by the addition of PH]GIcNAc to
non-radioactive GlcNAc-P-P-dol formed during the first phase.
By comparison with appropriate controls, the effect of man-P-
dol on the synthesis of (GlcNAc),-P-P-dol was discernible.
Consistent with previous studies, these studies demonstrated
that the stimulation of GlcNAc-lipid synthesis by man-P-dol was
due to the enhanced synthesis of GlcNAc-P-P-dol and not to
the activation of the GlcNAc-transferase concerned with the
attachment of the second GlcNAc residue for the biosynthesis
of the chitobiosyl derivative.
Supported in part by NIH grant EY00393.
1. Kean EL (1985) J Biol Chem 260: 12561-71.

S8
Negative-Acting Element Involved in the Hormonal
Regulation of GlcNAc-1-P Transferase Gene

J. Ma!, H. Saito?, T. Oka? and L. K. Vijay!

L Department of Animal Sciences, University of Maryland,
College Park, MD 20742, USA.

2 Laboratory bf Molecular and Cell Biology, National Institute of
Diabetes and Digestive and Kidney Diseases, National Institute
of Health, Bethesda, MD 20892, USA.

The gene encoding UDP-GlcNAc:dolichol phosphate N-
acetylglucosamine-1-phosphate transferase (GPT), the enzyme
that initiates the pathway for the biosynthesis of asparagine-
linked glycoproteins, is developmentally and hormonally regul-
ated in mouse mammary gland. Transcription of the GPT gene
is regulated by the lactogenic hormones insulin, glucocorticoid,
and prolactin. The cis-acting elements involved in regulating
the expression of the gene have been investigated by transient
transfections of primary mouse mammary epithelial cells. The
1055 bp 5'-flanking sequence of GPT promoter is sufficient for
hormonal induction of a luciferase reporter gene construct. A
series of 5'-deletions of the GPT promoter region identified a
distal repressor element (—1055 to —966 bp). Deletion of the
distal repressor element results in enhanced hormonal induction
(~seven-fold) with no effect on basal promoter activity. Elec-
trophoretic mobility shift assays performed with nuclear ex-
tracts from different developmental stages of mouse mammary
gland demonstrated that the binding activity to the distal
element was predominantly observed in virgin stage as
compared with pregnant and lactating stages. These findings
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provide a basis to elucidate the molecular mechanism of GPT
gene expression by hormones in the mammary gland.
Supported by N.I.H. grant DK 19682,

S8

Microanalyses of Dolichyl Derivatives and the
GlcNAc-1-phosphate Transferase Activity of
Carbohydrate-Deficient-Glycoprotein (CDG) Syndrome

Etsuko Yasugi, Taeko Dohi and Mieko Oshima

Division of Biochemistry and Nutrition, Research Institute,
International Medical Center of Japan, 1-21-1 Toyama,
Shinjuku-ku, Tokyo 162, Japan.

Sequential microanalyses of free dolichol, dolichyl fatty acid
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ester and dolichyl phosphate were made. This method is simple
and three types of dolichols can be estimated using the same
HPLC system after the derivatization with anthracene-9-
carboxylic acid. Using this method, dolichols and their deriva-
tives were determined in the fibroblasts from patients with
CDG syndrome. The contents of total dolichols, dolichyl
phosphate and the activity of the UDP-N-acetylglucosamine-
:dolichyl phosphate N-acetylglucosamine 1-phosphate trans-
ferase (GIcNAc-1-P transferase) of patients’ fibroblasts were
similar to those in normal fibroblasts. These results suggest that
CDG syndrome may not be due to a deficiency of a biosynthetic
enzyme for dolichol-oligosaccharide intermediates but to a
metabolic error in assembly of asparagine-linked oligosac-
charide.

S9. SYNTHESIS AND DEGRADATION OF GLYCOSPHINGOLIPIDS

Chairs: Robert Yu, Subhash Basu

S9. 9.50am

The Defect in Biosynthesis of Glycosphingolipids (GSLs)
in SW13 Cells Lacking Intermediate Filaments (IF) is in
Recycling and not in De novo Biosynthesis

B. K. Gillard, R. G. Harrell and D. M. Marcus
Baylor College of Medicine, Houston, Texas, 77030, USA.

Our previous observations [1, 2] on the immunocytochemical
colocalization of GSLs and IF of the cytoskeleton led us to
analyse the role of IF in the biosynthesis and intracellular
transport of GSLs. Cells with and without an IF network (IF*
and IF-) were cloned from the human adrenal carcinoma cell
line SW13. Metabolic labelling experiments showed that IF-
cells incorporate less sugar into GSLs, especially LacCer and
Gb3Cer, than IF* cells, and this abnormality can be reversed
by expression of a mouse vimentin network in the IF- clones
[3]. Recent data indicate that the defect in sugar incorporation
occurs in the endocytic recycling pathway. Metabolic double-
labelling studies showed differences between IF+ and IF-
clones in sugar incorporation, but not in serine incorporation.
These data indicate that there is no difference in de novo
biosynthesis, and that the abnormality is in sugar incorporation
into recycling GSLs. We confirmed this conclusion by use of
pB-chloroalanine, which inhibits de novo synthesis of sphinga-
nine, and fumonisin, which inhibits both acylation of sphinga-
nine and reacylation of sphingosine generated by catabolism of
sphingolipids. We are now investigating the mechanism by
which lack of an IF network interferes with the recycling of
GSL.

Supported by grants from the American Cancer Society
(BE-63173) and the National Institutes of Health (AI 17712).
1. Gillard BK et al. (1991) Exp Cell Res 192: 433-44,
2. Gillard BK et al. (1992) Cell Motil Cytoskeleton 21: 255-71.
3. Gillard BK et al. (1994) J Cell Science 107: 3545-55.

$9. 10.05am
Ganglioside Biosynthesis in the Mouse Embryo: A
Developmental Study

J. V. Brigande and T. N. Seyfried
Boston College, Chestnut Hill, MA 02167, USA.

Gangliosides are acidic glycosphingolipids that are enriched in
the plasma membrane of neurons. There is considerable evid-
ence to suggest that gangliosides play a significant role during
the development of the vertebrate embryo. We have previously
reported use of whole embryo culture (WEC) to analyse
ganglioside biosynthesis in postimplantation mouse embryos. In
this study, we compared ganglioside biosynthesis of early
embyros (5—6 somites) and late embryos (26-28 somites). The
early embryos were cultured for 2 h prior to the addition of
H1C-galactose to the culture medium while the late embryos
were cultured for 40 h prior to radiolabel addition. Both early
and late embryos were exposed to 4C-galactose for 6 h and
then sacrificed. The concentration of “C labeled gangliosides
(dpm/ug protein) was 31.3 and 15.2 + 2.2 in the early and late
embryos, respectively. Furthermore, the percentage distribu-
tion of the major gangliosides synthesized by the early embryo
(GM3, GM1, GD3 and GD1a) was remarkably similar to the
distribution of these gangliosides in the late embryo. This is
intriguing since the early and late embryos undergo totally
different morphological stages during the respective 6 h label-
ling periods: the early embryos have open neural tubes and
rudimentary cardiac tissues and the late embryos have closed
neural tubes with 5 brain vesicles as well as a heart that beats
120 times per min. Our results suggest that a constant, stable or
invariant ganglioside distribution may be important during early
stages of mammalian morphogenesis.

S9. 10.20am

Isolation of Putative cDNA Clones for SAT-3 from
Embryonic Chicken Brain (ECB) and Human Colon
Carcinoma (Colo 205) Cell

S. S. Basu, M. Basu and S. Basu
Department of Chemistry and Biochemistry, University of Notre
Dame, Notre Dame, IN, USA.

A novel sialyltransferase, SAT-3 activity (CMP-NeuAc:nLc-
Ose4Cer a2-3 sialyltransferase), was characterized in ECB [1].
Recently, a sialyltransferase cDNA from human placenta [2]
has been cloned and expressed with similar enzymatic proper-
ties. To test the genetic similarity between these two enzymes,
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we employed a reverse transcription polymerase chain reaction
(RT-PCR) based strategy to isolate cDNA clones from ECB
and Colo 205 cell. Two pairs (Set I and Set IT) of PCR primers
were designed from the human placenta SAT-3 cDNA se-
quence. The sequences of Set II primers nest within the
~800 bp cDNA region spanned by Set I primers. The 5'end
primer of Set II was selected from the region coding for
Sialylmotif, and the 3’end primer (Set II) was selected from the
second highly conserved region among the sialyltransferases.
RT-PCR with primer Set I amplified ~800 bp cDNA fragments
from ECB and Colo 205 RNA. These ~800 bp cDNAs hybrid-
ized with human placenta SAT-3 probe on Southern blotting
analysis. When the ~800bp cDNA fragment was used as
template for PCR analysis with Set II primer pair a ~400 bp
DNA fragment was produced, as expected. Both ~800 and
~400 bp ¢cDNA fragments, from ECB and Colo 205, were
cloned into pT7-Blue vector (Novagen) providing single 3'T
overhangs at insertion site. Sequence analysis of the ECB
cDNA showed a high level of nucleotide sequence homology
(>90%) with the SAT-3 cDNA from human, and the presence
of the Sialylmotif coding region. Sequencing of the Colo 205
cDNA is in progress.

Supported by NIH-18005 Jacob Javits Award to S.B.
1. Basu M et al. (1982) J Biol Chem 257: 12765-69.
2. Kitagawa, Paulson (1994) J Biol Chem 269: 1394-1401.

$9. 10.35am

Accumulation of Endogenous GM3 by Alteration of
Glycolipid Synthesis with Antisense Oligonucleotides to
Glycosyltransferases in HL-60 Cells: Effects on Cellular
Differentiation

R. K. Yu, T. Ariga, X.-B. Gu and G. C. Zeng
Department of Biochemistry, Medical College of Virginia,
Virginia Commonwealth University, Richmond, VA 23296,
USA.

Synthetic oligodeoxynucleotides antisense to human GM2-
synthase and GD3-synthase were used to treat the human
promyelocytic leukaemia HL-60 cells, resulting in a dramatic
reduction (about 80%) of the activity of GM2 and GD3
synthases. Oligodeoxynucleotides sense to GM2- or GD3-syn-
thase failed to alter the expression of GM2 or GD3 synthase.
Analysis of the ganglioside composition of HL-60 cells showed
that suppression of GM2- and GD3-synthases by the antisense
oligomers led to the accumulation of the common precursor
GM3 of the two enzymes. Accumulation of GM3 was also
achieved by TPA induction in which the level of GM3 increased
remarkably, presumably by stimulation of the activities of
GM3-synthase. When HL-60 cells were treated with GM2-syn-
thase antisense oligomer alone, both GM3 and GD3 increased,
the increase in GD3 was most likely due to the conversion of
the accumulated GM3 to GD3 when the ‘a-pathway’ of
ganglioside biosynthesis was blocked. The treated cells under-
went monocytic differentiation as judged by morphological
changes, adherent ability, and nitroblue tetrazolium (NBT)
staining. Since the common feature of the induced cellular
differentiation in HL-60 cells either by TPA, exogenously
added GM3, and the antisense oligonucleotides observed in this
present study is a remarkable increase in cellular GM3 concen-
trations, it suggests that the increase in endogenous GM3 may
be associated with the cellular differentiation process. The
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antisense DNA technique used in this study may prove to be a
powerful tool in manipulating glycolipid synthesis in the cell.

$9. 10.50am
O-Acetylesterase Gene Down-regulates the Expression of
O-Acetylated GD3 in a Neuroblastoma Cell Line, F-11

T. Ariga', G. C. Zeng!, G. Dawson? and R. K. Yu!

1 Department of Biochemistry, Medical College of Virginia,
Richmond, VA 23298, USA.

2 Department of Pediatrics, University of Chicago, Chicago, IL
60637, USA.

Previous studies from our laboratory revealed that the mouse
F-11 neuroblastoma cell line, which is originated from hybrid-
ization of N18TG-2 (mouse neuroblastoma) with rat dorsal root
ganglion cells, had the following ganglioside composition: GM3
(37% of the total gangliosides), GD3 (27%), O-acetylated GD3
(18%) and GD1a (4%) with trace amounts of GD2 ganglioside.
Immunocytochemical localization of GD3 and O-acetylated
GD3 examined by mouse monoclonal antibodies R24 and D
1.1, respectively, revealed that the cell bodies and neurites were
positively stained by both antibodies. To study the functional
role of O-acetylated GD3, we transfected F-11 cells with
O-acetylesterase gene from influenza C virus which resulted in
an increase of GD3 (150% of control cells) and a decrease of
O-acetylated GD3 (27% of control cells). The transfected F-11
cells appeared to be more differentiated, e.g. enlarged cell
bodies and elongated neurites. We concluded that alteration of
ganglioside expression, particularly O-acetylated GD3, may be
associated with neuronal differentiation in this cell line. The
study also provides direct evidence that cellular ganglioside
expression can be manipulated by transfection of the cell with a
foreign gene and this approach may represent a powerful means
in elucidating the function of gangliosides.

§9. 11.05am
Novel Inhibitors of Glycosphingolipid Biosynthesis

Frances M. Platt!, Gabrielle Neises?, Raymond A. Dwek! and
Terry D. Butters!

LGlycobiology Institute, Department of Biochemistry, University
of Oxford, South Parks Road, Oxford OX1 3QU, UK.
2Monsanto Co., St Louis, MO 63198, USA.

We have recently discovered that the imino sugar N-butyl-
deoxynojirimycin (NB-DNJ) inhibits glycolipid biosynthesis in
vitro, in addition to its known activity as an inhibitor of the
N-liked oligosaccharide processing enzymes «-glucosidase I and
I1. We have also established that glycolipid biosynthesis inhibi-
tion occurs in vive by administering NB-DNJ to mice. We
observe a dose-dependent decrease in cell surface glycosphingo-
lipid levels on tissues derived from treated animals.

In an attempt to dissociate the two enzyme inhibitory
activities of NB-DNJ and to identify an inhibitor which was
more selective for the glycolipid biosynthetic pathway, several
imino sugars have been N-alkylated and tested for inhibitory
activity. The galactose analogue N-butyldeoxygalactonojirimy-
cin (NB-DGJ) was found to be a potent inhibitor of glycolipid
biosynthesis but in contrast to NB-DNJ had no effect on the
maturation of N-linked oligosaccharides or on lysosomal gluco-
cerebrosidase. The effect of increasing N-alkyl chain length on
glycolipid inhibition was investigated. Non-alkylated DGJ, the
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N-methyl and N-ethyl derivatives were non-inhibitory. How-
ever, N-propylation resulted in partial inhibition while the
N-butyl and N-hexyl derivatives resulted in maximal inhibition.
Increasing alkyl chain length also resulted in increased potency
of glucosyltransferase inhibition.

In an in vitro Gaucher’s disease model NB-DGIJ was as
effective as NB-DNIJ in preventing glycolipid storage and may
represent a more selective potential therapeutic agent than
NB-DNIJ for the management of this and other glycosphingo-
lipidoses.

S9. 11.20am
Modulation of Neuroblastoma Ganglioside Synthesis and
Shedding by PDMP

Ruixiang Li and Stephan Ladisch
Center for Cancer and Transplantation Biology, Children’s
National Medical Center, Washington, DC 20010, USA.

Shedding of tumour cell surface gangliosides, which have potent
immunosuppressive activity, is a potential mechanism contribu-
ting to tumour cell escape from the host immune response.
Engineering of the cell to block the synthesis and prevent the
shedding of gangliosides would thus be important. PDMP is a
potent inhibitor of glucosylceramide synthase, and it inhibits the
synthesis of cellular glycosphingolipids. When human neuro-
blastoma LAN-5 cells were treated with 10 um PDMP for 24 h,
cellular ganglioside content decreased to 50% while the meta-
bolic radiolabelling rate of gangliosides was more rapidly
reduced, to 20% of that of the control cells. Studies of the
gangliosides shed by PDMP-treated cells show that the rate of
shedding is linked to the rate of ganglioside synthesis, which is
reduced by PDMP. Finally, when LAN-5 cells were treated
with 20 pv PDMP for 5 days, both the rate of ganglioside
synthesis and the cellular ganglioside content were reduced to
less than 10% of control values. Shedding of gangliosides by
tumour cells under these conditions was almost completely
abolished. Since both synthesis and shedding of gangliosides can
be significantly downregulated by PDMP, it will be important to
study the biological effect of PDMP on neuroblastoma ganglio-
side shedding in vivo.
Supported by NCI grant CA61010.

S9. 11.35am
Ceramide Glycanase from Rat Mammary Tissue

M. Basu, S. Dastgheib, J. Baker, and S. Basu
Department of Chemistry and Biochemistry, University of Notre
Dame, Notre Dame, IN 46556, USA.

Ceramide glycanase (CGase), the enzyme which cleaves the
oligosaccharide chain of a glycosphingolipid and hydrophobic
ceramide moiety, has been characterized previously from bac-
teria, leech, clam and earthworm. Recently, purified clam
CGase has been used to analyse various glycolipid structures
with the use of FACE [1]. Previously, we have reported
characterization of CGase from rabbit mammary tissue [2].
Mammalian ceramide glycanase might play a significant role in
signal transduction. The cleavage product ceramide, could be
further cleaved to sphingosine or its analogue, a modulator in
the signal transduction pathway. The modulatory effect of
sphingosine on glycolipid: glycosyltransferases is also observed
in vitro [3]. We report here the characterization of ceramide
glycanase in pregnant as well as in lactating rat mammary
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tissue. The activity is distributed in soluble supernatant
(100000 xg) and Golgi-rich membrane. Presence of detergent
seems to be crucial for optimal enzyme activity. Preliminary
studies indicate that the enzyme activity is exhibited over a pH
range between 5.0 and 6.0 in citrate-phosphate buffer at a lower
detergent concentration (0.5%), both soluble enzyme and
Golgi-rich membrane fraction. However, at a higher detergent
concentration (1.0%), a sharp pH optimum of 5.0 is observed
for Golgi-rich membrane. Among various glycolipids tested,
GM1 and Gg4 seem to be the best substrate for the rat
mammary CGase. The presence of the enzyme has also been
detected in the rat mammary tissue at various stages of
gestation and during lactation period.

Supported by NS-18005 to S.B.
1. Basu S et al. (1994) Anal Biochem 222: 270-74.
2. Basu S et al. (1990) Ind ] Biochem Biophys 27: 386-95.
3. Das et al. (1990) IJBB 27: 396-401.

§9. 11.50am
Regulation of Soluble Sialidase Activity in Chinese
Hamster Ovary (CHO) Cells Using Antisense RNA

J. Ferrari, R. DeMarco, C. Crowley and T. G. Warner
Genentech, Inc., S. San Francisco, CA 94080, USA.

We have previously characterized a soluble sialidase in the
culture fluid of Chinese hamster ovary cells that alters the sialic
acid composition of recombinant glycoproteins expressed in this
host [1]. In order to reduce sialidase levels in CHO cells we
have established stable transfectants containing antisense RNA
derived from the sialidase gene [2]. Constructs were made by
inserting the inverted orientation of the intact sialidase cDNA
(1.4 kb), and cDNA segments from the 5’ untranslated region
(189 bp), the 5’ coding region (474 bp), and the 3’ coding
region (686 bp), into SV40-based expression plasmids. Cotrans-
fections with a vector providing puromycin resistance as a
selectable marker were carried out using both linearized and
non-linearized antisense constructs. Screening of 50 clones gave
two isolates, AS474#16, and AS686#3 with sialidase activity
reduced 50% and 60%, respectively, over wildtype levels.
Immuno blot analysis of cell extracts confirmed the substantial
reduction of sialidase protein.

1. Warner TG et al. (1993) Glycobiology 3: 455.

2. Ferrari J et al. (1994) Glycobiology 4: 367.
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Purification and Characterization of PAPS:GalCer
Sulfotransferase from Human Renal Cancer Cells

K. Honke, M. Yamane, A. Ishii, T. Kobayashi and A. Makita
Biochemistry Laboratory, Cancer Institute, Hokkaido University
School of Medicine, Sapporo 060, Japan.

We purified PAPS:GalCer sulfotransferase (EC 2.8.2.11) from
the human renal cancer cell line SMKT-R3 through a combina-
tion of affinity chromatographies using galactosylsphingosine,
3',5'"-bisphosphoadenosine and heparin as ligands. The puri-
fied sulfotransferase showed a specific activity of 1.2 umol-
min—!mg~!, which was 300 times more than the highest activity
among the enzyme preparations purified so far from other
sources. Homogeneity of the purified sulfotransferase was
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assessed by the fact that the enzyme preparation showed a
single protein band with an apparent molecular mass of 54 kDa
on reducing SDS-PAGE and that protein bands coincided with
the enzyme activity both on native PAGE and nonreducing
SDS-PAGE. GalCer was the best acceptor for the purified
enzyme. LacCer, GalAAG and GalDG were also good accep-
tors. GleCer, Gg3Cer, Gg4Cer, Gb4Cer, Lc3Cer and nlc4Cer
did serve as acceptors although the relative activities were low.
On the other hand, the enzyme could not act on Gb3Cer, which
possesses a-galactoside at the nonreducing terminus. Neither
galactose nor lactose served as an acceptor. These observations
suggest that the sulfotransferase prefers f-glycoside, especially
p-galactoside, at the nonreducing termini of sugar chains
attached to a lipid moiety.

S9
Enhancement of Cerebroside Sulfotransferase Activity in
MDCK Cells by Excess NaCl

I Ishizuka, M. Okuda, Y. Niimura and N. Iida-Tanaka
Department of Biochemistry, Teikyo University School of
Medicine, Tokyo, Japan.

Madin-Darby canine kidney (MDCK) cells respond to kidney-
oriented hormones and synthesize sulfoglycolipids. A single
enzyme catalyses the transfer of sulfate to both GalCer and
LacCer [1, 2]. Turnover of sulfoglycolipids was enhanced in the
medium made hypertonic by adding NaCl or mannitol to 440
and 580 mOsmoll-1 [3] suggesting that the activity of the
sulfotransferase is increased.

MDCK cells were cultured to confluency in an EMEM-based
medium containing 10% fetal bovine serum and further main-
tained in a medium containing 1% FBS for 2 days to minimize
the effect of growth factors in the serum. Then the medium
from a set of dishes was supplemented with 100 mM NaCl. After
24h in the hyperosmolar medium, the incorporation of
[35S]sulfate into sulfated glycolipids (galactosyl- and lactosyl
sulfatides) was 1.3—1.5-fold higher than the control.

The sulfotransferase activity was assayed using GalCer as the
acceptor substrate by the method described previously [2] with
slight modifications. The activity was elevated 3.6-fold after
24h of the stimulation with excess NaCl (p < 0.01). This
increment was comparable to that by 10% serum. In conclu-
sion, the ability of sulfoglycolipids in MDCK cells to adapt to
hyperosmotic environments may involve the increase of sulfo-
transferase activity.

1. Ishizuka I, et al. (1978) Biochim Biophys Acta 541: 467.

2. Tadano K, Ishizuka I (1979) Biochim Biophys Acta 575:
421.

3. Niimura Y, Ishizuka I (1990) Biochim Biophys Acta 1052:
248.

S9
Molecular Cloning and Expression of
Endoglycoceramidase Gene of a Rhodococcus sp.

H. Izul, Y. Izumi?2, Y. Kurome!, M. Sano!, M. Ito? and
I. Katol

1 Biotechnology Research Laboratory, Takara Shuzo Co., Ltd,
Japan.

2 Laboratory of Marine Biochemistry, Faculty of Agriculture,
Kyushu University, Japan.
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Endoglycoceramidase (EGCase; EC 3.2.1.123) cleaves the
linkage between oligosaccharides and ceramides of various
glycosphingolipids [1]. Three molecular species of EGCase,
I-ITI, each with its own specificity, have been isolated from the
culture supernatant of a Rhodococcus sp. [2]. In this study, we
isolated a gene encoding EGCase II of Rhodococcus sp. strain
M-777 and expressed it in Escherichia coli. We synthesized
probe DNAs based on internal amino acid sequences of purified
EGCase II. Chromosomal DNA was digested with three
restriction enzymes followed by Southern hybridization with the
synthesized DNA probes. The gene encoding the EGCase II
was in this way screened for by colony hybridization from
colonies of cells transformed with size-fractionated DNA. An
open reading frame of the EGCase II gene encoded a poly-
peptide of 490 amino acids. The amino acid sequence deduced
from the nucleotide sequence was similar to a conserved region
in the active site of bacterial endo-f-glucanases. Therefore,
EGCase II was an endoglycosidase, not a lipase. When the
EGCase II gene was subcloned into the expression vector
pTV118N, which was used to transform E. coli IM109 cells,
EG¢Case II activity appeared in the cell extract. No contaminat-
ing sphingomyelinase activity was found in the cell extract.

1. Ito M, Yamagata T (1986) J Biol Chem 261: 14278-82.

2. Ito M, Yamagata T (1989) J Biol Chem 264: 9510-19.

S9
Molecular Cloning and Expression of the Gene Encoding
an Activator of Endoglycoceramidase Activity

Y. Izumi!, H. Izu?, Y. Kurome?, M. Sano?, I. Kato? and
M. Ito!

! Laboratory of Marine Biochemistry, Faculty of Agriculture,
Kyushu University, Japan.

2 Biotechnology Research Laboratory, Takara Shuzo Co., Ltd,
Japan.

Endoglycoceramidase (EGCase; EC 3.2.1.123) cleaves the
glycosidic linkage between the oligosaccharide and ceramide of
various glycosphingolipids [1]. Protein activators that stimulate
EGCase activity in the absence of detergents have been purified
from the culture supernatant of a Rhodococcus sp. [2]. There
are two molecular species of activators; activator I stimulates
the activity of EGCase I and activator II stimulates that of
EGCase II. In this study, we cloned the activator II gene of
Rhodococcus sp. strain M-777 and expressed it in Escherichia
coli. Degenerate DNAs were synthesized on the basis of amino
acid sequence data for purified activator II and used as primers
to amplify fragments of the gene from chromosomal DNA of
Rhodococcus sp. strain M-777 by the polymerase chain reac-
tion. One of the amplified fragments was used as a probe to
screen for the gene encoding activator II by colony hybridiza-
tion. When the gene was inserted into an expression vector,
pET23, and E. coli IM109 cells were transformed with the
vector, activator II protein was found in the cell extract. As for
native activator II protein [3], activator II protein expressed in
E. coli was converted by trypsin into a still fully active
polypeptide with the molecular weight of 27 900.

1. Ito M, Yamagata T (1989) J Biol Chem 264: 9510~19.

2. Ito M, Ikegami Y, Yamagata T (1991) J Biol Chem 266:
7919-26.

3. Ito M, Ikegami Y, Omori A, Yamagata Y (1991) J Biochem
110: 328-32.



Glyco X111

$9

Synthesis in vitro of Blood Group H1 Antigen and
Fucosyllactosylceramide by « 1-2 Fucosyltransferase from
PC12 Cells

H. Kojima, K. Nakamura, Y. Sone and Y. Tamai
Department of Biochemistry, Kitasato University School of
Medicine, Sagamihara, Kanagawa 228, Japan.

Neurite outgrowth of PC12 cells induced by nerve growth factor
(NGF) is associated with changes in glycosyltransferase levels,
accompanying the alteration in the composition of glycosphin-
golipids including a blood group B antigen. Previously, we
examined the expression of GDP-fucose:glycosphingolipids
fucosyltransferase activity of PC12 cells in relation to the
differentiation by NGF. This enzyme was found to be most
active for nLc4 (paragloboside) followed by LacCer (Lactosyl-
ceramide). In this study we have identified the products formed
by the fucosyltransferase(s) for nLc4 and LacCer in PC12 cells.
Transfer of 1*C-fucose to nLc4 yielded a labelled product having
lower mobility than nLe4 on TLC. The product was determined
to be a blood group H1 antigen by GC/MS analysis, suggesting
that PC12 cells have a1,2 fucosyltransferase (a1,2-FT) which
catalyses the biosynthesis in vitro of blood group H1 antigen
from nlc4. In addition, the findings evidence the presence of a
biosynthetic precursor of B antigen in PC12 cells. “C-Fucose
was also incorporated into LacCer, forming glycolipids comi-
grating with globotriaosylceramide on TLC. This is the first
report on the presence of «1,2-FT in cultured neuronal cells.

S9
Manipulation of Glycosphingolipid Biosynthesis by
Artificial Glycolipids [I]

Y. Miura, T. Arai, and T. Yamagata
Department of Biomolecular Engineering, Tokyo Institute of
Technology, Yokohama 226, Japan.

This study is conducted to develop artificial well-designed
glycolipids by which the role of endogenous glycosphingolipids
(GSLs) will be elucidated. Should they be successfully settled in
the Golgi apparatus and recognized by glycosyltransferase(s),
elongation of the given artificial glycolipid will occur followed
by the possible disturbance of the functional distribution of
endogenous GSLs in cells, direct functions of endogenous GSLs
will be revealed.

We have prepared amphiphilic lactosides possessing varying
lengths of the alkyl or acyl chain. Using a panel of the
lactosides, we found that the artificial lactosides functioned as a
saccharide acceptor for glycosyltransferase in the cell. Artificial
lactosides with a shorter hydrophobic chain, e.g. C8, were
readily incorporated into mouse neuroblastoma and melanoma
cells where the addition of the saccharide unit occurred
followed by secretion of them into the culture medium. On the
other hand, lactosides bearing longer chain, e.g. C16, were
settled in the plasma membrane. Cultivation of the cell with
each of lactosides affected cell morphology and growth in a
chain length or concentration dependent manner, suggesting
the importance of the structures of hydrophobic chain in their
targeting. Lactosides were also recognized by glycosyltrans-
ferases in cell homogenates producing ganglioside-like struc-
tures which were not found in intact cells. This suggests a
possible use in detection and searching related enzyme activity.

441

The capacity of the artificial glycolipids to modify biological
response in cells is now being investigated in detail.

S9
Isolation and Analysis of Human Melanoma Cells
Deficient in GD3 Expression

Junji Nakano and Kenneth O. Lloyd
Memorial Sloan-Kettering Cancer Center, New York, NY 10021,
USA.

Treatment of human melanoma cell line SK-MEL-28 with
anti-GD3 antibody (R24) and rabbit complement and subse-
quent sub-cloning of the surviving cells resulted in the deriva-
tion of two cell lines deficient in the cell surface expression of
GD3. Both cell lines (designated SK-MEL-28-N1 and SK-MEL-
28-N2) had no detectable cell surface expression of GD3 as
analysed by a mixed haemagglutination assay with mAb R24.
No GD3 was detectable in either cell line by glycolipid
isolation, TLC and resorcinol-HCl spray. However, TLC-im-
munostaining with mAb R24 showed the presence of low
amounts of GD3 in both N1 and N2 (1/40th of the amount in
the parent cell line in N1 and 1/500 in N2). In SK-MEL-28-N1
the residual GD3 was shown by immunofluorescence assays on
permeabilized cells to be present in discrete intracellular
organelles, suggesting a defect in transport as well as in
synthesis. Both SK-MEL-28-N1 and -N2 had an increase in
detectable GM3 expression. The mutant cell lines had altered
cell morphology in comparison to the parent cell line and both
had slower growth rates in vitro and N1 did not grow in nu/nu
mice (N2 has not yet been tested). These cell lines will be useful
in exploring the biological function of GD3 ganglioside.

S9
Molecular Cloning of a cDNA(34A34) That Increases the
Expression of Galactosylceramide in COS-7 Cells

K. Ogura', K. Kohno? and T. Tail

1The Tokyo Metropolitan Institute of Medical Science, Tokyo,
Japan.

2 Advanced Institute of Science and Technology, Nara, Japan.

We have attempted to isolate a UDP-galactoside ceramide
galactosyltransferase cDNA clone by a transient expression
method, and isolated one cDNA clone(34A34). Transfected
COS cells with the 34A34 cDNA expressed the galactosylcera-
mide, which was determined by FACS analysis and radioac-
tively metabolic labelling. The galactosyltransferase activity,
was not however, clearly detected in the transfected COS cells.
The cDNA encodes a polypeptide of 696 amino acid residues
with a molecular weight of 77276. The polypeptide has two
proline-rich domains and the proline residues amount to 18% of
amino acids in the C terminus proline-rich domain. The cDNA
34A34 hybridized to a single mRNA of 3.1 kb in all rat organs
examined. The mRNA was expressed mostly in the testis.
Shulte and Stoffel [1] recently isolated a protein and a cDNA of
the UDP-galactoside ceramide galactosyltransferase. Their
c¢DNA and amino acid sequence do not exhibit any similarities
with our cDNA 34A34 or the one sequence, respectively. The
34A34 cDNA, therefore, may not be the cDNA of the
UDP-galactoside ceramide galactosyltransferase. We are seek-
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ing possible roles of the protein encoding the cDNA 34A34 in
the expression of galactosylceramide.

1. Schulte S, Stoffel W (1993) Proc Natl Acad Sci 90:
10265-69.

S9
Partial Purification of Glucosylceramide Synthase from
Rat Liver Golgi Membranes

P. Paul,Y. Kamisaka, D. Marks and R. E. Pagano
Mayo Clinic, 200 First Street, SW, Rochester, MN 55905, USA.

Glucosylceramide synthase catalyses the biosynthesis of gluco-
sylceramide, a major precursor of higher-order glycosphingo-
lipids. This enzyme was solubilized and partially purified from
an enriched Golgi-membrane fraction isolated from rat liver.
The membrane fraction was first washed with an anionic
(N-lauroylsarcosine) detergent and the enzyme was subse-
quently solubilized in the presence of CHAPSO. Purification
was achieved through a two step dye affinity chromatography
procedure. Golgi components such as sphingomyelin synthase
bound to the dye-agarose while most of the glucosyltransferase
activity was recovered in the flow through in the presence of the
substrate UDP-Glc. After a gel filtration step to remove
UDP-Glc, the glucosylceramide synthase was purified with an
apparent enrichment of about 5000-fold relative to the homo-
genate by rechromatography on a dye-agarose column using
UDP-Glc for elution. The substrate specificity of the glucosyl-
ceramide synthase was assessed by using either fluorescent or
radioactive ceramide analogues. We found that the activity of
the partially purified enzyme was stereospecific and dependent
on the N-alkyl chain length as well as on the substituting
fluorophore of the ceramide. In addition, only UDP-Glc was
used as a substrate by the enzyme among a variety of other
UDP-
sugars. The partially purified enzyme was further characterized
by sedimentation through a glycerol gradient.

Our long term goals are to understand how the activity of this
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molecule is regulated within the cell and to learn what targeting
signals are responsible for its localization at the Golgi complex.
Supported by USPHS Grant R37 GM-22942.

S9
Expression of 1,3 Fucosyltransferase in Developing Rat
Brain

G. Wiederschain, Q. Koul and R. McCluer
E. K. Shriver Center, 200 Trapelo Road, Waltham, MA 02254
and Harvard Medical School, Boston, MA, USA.

SSEA-1(Le*) antigens, containing 3-fucosyl-N-acetyllactosa-
mine epitope, are present on cells and play an important role in
intercellular communication. Fucosyltransferases (Fuc-T) that
catalyse the final step(s) in the biosynthesis of SSEA-1 probably
play a critical role in the expression of these antigens and have
not yet been characterized in the CNS. We studied Fuc-T
activity in rat forebrain and cerebellum at different stages of
development. Oligosaccharides (lactose, N-acetyllactosamine)
and glycolipid (paragloboside, nLc,), were used as acceptors.
Triton X-100 soluble fraction of forebrain and cerebellum was
used to assay for enzyme activity at pH 7.4. Our results indicate
that Fuc-T activity in forebrain from 17 day old rats was five
times higher with lactosamine (acceptor for Fuc-T IV) than that
obtained with lactose (acceptor for Fuc-T III, V and VI).
Isoelectric focusing profile of the Fuc-T activity obtained in
presence of lactose was different from that in presence of
N-acetyllactosamine and nLc,. In cerebellum from rats at E20
through P100 days the maximal enzyme activity was obtained at
P15 with both acceptors. The radioactive fucosylated enzymatic
product with nLc, as the acceptor was SSEA-1 positive with 7A
antibody indicating that the enzyme product was fucosylated
a1,3 nLcy. Therefore, the major 1,3 Fuc-T in rat cerebellum is
an «l,3 fucosyltransferase with properties similar to those
reported for human fucosyltransferase IV.

This study was supported by NIH grants HD05515 and
NS15037.
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§10. 2.40pm
Plants Utilize Many Oligosaccharin Signal Molecules

Peter Albersheim, Kyung-Sik Ham, Carl Bergmann, Stefan
Eberhard and Alan Darvill

Complex Carbohydrate Research Center and Department of
Biochemistry and Molecular Biology, University of Georgia, 220
Riverbend Road, Athens, GA 30602-4712, USA.

Carbohydrates, the building blocks of structural polymers that
give form to living cells and organisms, also play important
roles in the interactions of cells with one another and with other
organisms. Plants have evolved signalling pathways to regulate
the expression of genes essential to their growth, development,
and interactions with symbionts and pathogens. Some of the
signal molecules in each of these pathways are oligosaccharides
that are collectively known as oligosaccharins. This overview
lecture discusses: (i) the exquisite structural specificity required

for oligosaccharin activity; (ii) the high degree of host specificity
exhibited by oligosaccharins required for symbiosis; (iii) the
different functions for the same oligosaccharin in different plant
species; and (iv) the critical role of oligosaccharins in the highly
evolved, multilevel interactions exhibited by plants and their
pathogens.

Research supported by US Dept of Energy (DOE) grant
DE-FG05-93ER20114 and the DOE-funded (DE-FGO09-
93ER20097) Center for Plant and Microbial Carbohydrates.

S11. 3.10pm
Mechanism of Golgi Protein Targeting

Graham Warren and Tommy Nilsson
Imperial Cancer Research Fund, Lincoln’s Inn Fields, London
WC2A 3PX, UK.

Golgi proteins are retained in particular compartments by a



Glyco XIII

retention signal in the membrane-spanning domain and flanking
sequences [1]. Some of these proteins also have retrieval signals
which return the protein to the compartment after it has left.

S10. PLANT GLYCOBIOLOGY

Chairs: Alan Elbein, Marilynn Etzler

510. 4.00pm
Introduction

$10. 4.05pm

A Novel Lectin In The Roots of Dolichos Biflorus May
Function as a Signal Transducer in Plant-Rhizobial
Interaction

M. E. Etzler, J. B. Murphy and N. Ewing
Section of Molecular and Cellular Biology, University of
California, Davis, CA, USA.

Although legume lectins have long been hypothesized to play a
role in determining the specificity of Rhizobial-legume inter-
actions, most work in this area to date has been conducted with
lectins found in the seeds of the plants. We have now cloned
and sequenced the genomic and cDNA encoding the DB46
lectin present in the roots of the legume, Dolichos biflorus.
This lectin, which is present at the time and region of the root
at which symbiosis occurs, has a unique sequence encoded by
nine exons. Although the sequence encoded by the first two
exons shows only a faint resemblance to part of the sequence of
the seed lectin from this plant, the root lectin resembles the
seed lectin in its carbohydrate specificity for a-linked N-acetyl-
galactosamine and reacts with Rhizobia specific for this plant.
Antibodies specific for actin react with this lectin, although no
sequence similarity with actin has been detected. The results
raise the possibility that this lectin may serve as a transducer in
linking Rhizobial binding to the cytoskeletal rearrangements
that occur as one of the first steps of Rhizobial-legume
symbiosis.
Supported by NIH Grant GM21882.

$10. 4.25pm

Identification of a Putative Receptor Protein for
N-Acetylchitooligosaccharide Elicitor on the Plasma
Membrane of Suspension-Cultured Rice Cells by
Photoaffinity Labelling

Y. Ito, H. Kaku and N. Shibuya
Department of Cell Biology, National Institute of Agrobiology
Resources, Tsukuba, Ibaraki, 305 Japan.

Chitin oligomers of various degree of polymerization (DP) are
the fragments of the backbone polymer of the cell wall of many
pathogenic fungi and are known to elicit defence responses in
several higher plant systems. We already demonstrated that
chitin oligomers of DP7-8 ((GlcNAc);_g) could act as a potent
elicitor of phytoalexin synthesis in suspension-cultured rice cells
even in the nM range [1] and that a high-affinity binding site
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Several mechanisms have been put forward to explain how
these signals operate and these will be discussed.
1. Nilsson T, Warren G (1994). Curr Opin Cell Biol 6, 517-21.

(order of nm) for the elicitor is present in the plasma membrane
[2, 3]. As the first step towards the isolation of the putative
receptor protein, we attempted to identify that by photoaffinity
labelling. 1%I-labelled photolabile aryl azide conjugate of
(GlIcNAc)g was synthesized. The plasma membrane prepared by
aqueous two-phase partitioning was reacted with the radio-
labelled ligand and irradiated with UV light. The membrane
was solubilized with SDS, the proteins were precipitated with
methanol and were analysed by SDS-PAGE. Autoradiography
of the gels showed the labelling of a single 70 kDa band. The
70 kDa band was digested by trypsin which suggests the band is
a protein. The incorporation of the ligand into the band showed
a saturable mode of binding and was inhibited by unlabelled
(GleNAc)g (1/2max = 30 nm) but was not inhibited by trimer
(GlecNAc); nor the deacetylated octamer (GleN)g. The results
are in good agreement with the specificity and the sensitivity for
the eliciting activities of the elicitor. This is the first report on
the identification of a plasma membrane protein which may
function as a receptor for the N-acetylchitooligosaccharide
elicitor.

1. Yamada A et al. (1993) Biosci Biotech Biochem 57: 405.

2. Shibuya N et al. (1993) FEBS Ler 329: 75.

3. Ebisu N et al. (1994) Plant Cell Physiol 35: S64.

$10. 4.40pm
Plant Glycoprotein Biosynthesis and Intracellular
Transport

L. Faye!, A.-C. Fitchette-Lainé! and P. Lerouge?

LLTI-CNRS URA 203-IFRMP, Université de Rouen, B.P.118,
76821 Mont Saint Aignan cedex, France.

2Centre Régional de Spectroscopie, CNRS URA 464-IFRMP,
Université de Rouen, B.P.118, 76821 Mont Saint Aignan cedex,
France.

Plant glycoproteins have complex and high mannose type
N-linked glycans. In contrast to their mammalian homologues,
plant complex N-glycans have a xylose B-1,2 linked to the
B-Man of the core and a fucose residue involved in an «-1,3
linkage with the proximal GlcNAc residue of the chitobiose
unit. Antibodies specific for these plant-specific structural
particularities have been used to determine where f-1,2 xylosy-
lation and a-1,3 fucosylation occur in the Golgi apparatus
during the intracellular transport of plant glycoproteins through
the secretory pathway.

Many plant vacuolar and secreted proteins have N-linked
glycans, but N-glycosylation is not necessary for transport of
most glycoproteins from the endoplasmic reticulum to the
vacuole. This conttasts with protein secretion which is inhibited
when plant cells are treated with tunicamycin. However,
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Arabidopsis mutants that are unable to mature complex N-gly-
cans or plant cells treated with inhibitors of glycan processing
such as castanospermine or bromoconduritol are not affected in
their glycoprotein secretion, while N-glycan processing is effect-
ively blocked by these drugs.

These results show that a very efficient quality control for
secreted glycoproteins exists in plants but our results do not
favour the involvement of calnexin in this process.

S10. 5.05pm
Glycosylation, Structural Maturation and Trafficking of a
Multimeric Vacuolar Protein

E. Pedrazzini, G. Giovinazzo, A. Bielli, R. Bollini, A. Ceriotti
and A. Vitale

Istituto Biosintesi Vegetali, C.N.R., via Bassini 15, 20133
Milano, Italy.

Phaseolin is a homotrimeric vacuolar storage protein. Phaseolin
polypeptides contain two potential N-glycosylation sites:
Asn252, which is glycosylated with 100% efficiency, and
Asn341, which is glycosylated with 50-70% efficiency. We
show that glycosylation at Asn341 can occur post-translationally
and that its efficiency is enhanced in mutants in which either the
first glycosylation site has been inactivated or conformational
maturation has been severely affected. Moreover, during pas-
sage through the Golgi complex the glycan attached to Asn341
cannot acquire a complex structure and inhibits processing of
the glycan attached to Asn252. Finally, we show that glycosyla-
tion slows down trimerization, a conformational maturation
step that is necessary for the intracellular transport of phaseo-
lin, and partially inhibits transient association between monom-
ers and the binding protein BiP. On the whole, these observa-
tions indicate that glycosylation modulates structural matura-
tion of phaseolin in the ER, either directly or by affecting the
affinity between molecular chaperones and phaseolin polypep-
tides.

$10. 5.25pm

In vitro Synthesis of a Microfibrillar (1 — 3)-f-Glucan by
Lolium multiflorum (1 — 3)-f-Glucan Synthase Enriched
by Product Entrapment

V. Bulonel, C. B. Fincher? and B. A. Stone!

1School of Biochemistry, La Trobe University, Bundoora,
Victoria, 3083, Australia.

2Department of Plant Science, University of Adelaide, Glen
Osmond, S.A., 5064, Australia.

A simple, rapid procedure has been developed to purify a
membrane-bound (1 — 3)-B-glucan synthase from Lolium mul-
tiflorum endosperm cells. After solubilization with CHAPS and
incubation with substrate (1 mm UDP-glucose) and effectors
(Ca?*, cellobiose), the enzyme was recovered associated with
the reaction product by low speed centrifugation (product
entrapment). By this procedure, the (1 — 3)-B-glucan synthase
was purified 60-fold with respect to the solubilized enzyme
preparation. SDS-PAGE analysis of the enriched fraction
revealed six major polypeptides (17, 19, 30, 31, 32, and
55kDa). Comparison of this SDS-PAGE pattern with the
polypeptide profile of an immunoprecipitated (1 — 3)-p-glucan
synthase preparation suggests that polypeptides at 30-31 and
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55-58 kDa are the most likely candidates for participation in
(1 — 3)-pB-glucan synthesis. Furthermore, in previous work
from this laboratory [1], a photoreactive analogue of UNP-glu-
cose (5-[3-(p-azidosalicylamide)]allyl-UDP-glucose) specifically
labelled at 31 kDa band in an immunoprecipitated synthase
preparation, suggesting that this polypeptide bears a UDP-glu-
cose binding site and is involved in L. multiflorum (1 — 3)-p-
glucan synthase activity.

The product synthesized in vitro by the purified (1 — 3)-5-
glucan synthase was characterized by methylation analysis, 'H-
and BC-NMR spectroscopy, enzymatic hydrolysis, X-ray dif-
fraction, size exclusion chromatography, transmission electron
microscopy and UV-induced fluorescence in the presence of a
(1 — 3)-B-glucan specific fluorochrome. The results obtained
with these techniques clearly demonstrate that the in vitro
product is a microfibrillar (1 — 3)-f-glucan of a high DP but of
a low crystallinity.

1. Meikle et al. (1991) J Biol Chem 266: 22569.

$10. 5.45pm
Molecular Characterization of Arabinogalactan-Proteins
(AGPS) from Styles of Nicotiana Alata, an Ornamental
Tobacco

A. Bacic!, H. Dul, C. Chen?, S.-L. Mau!, R. J. Simpson?, R.
L. Moritz?, A. E. Clarke!

LPlant Cell Biology Research Centre and Cooperative Research
Centre for Industrial Plant Biopolymers, School of Botany,
University of Melbourne, Parkville, Victoria 3052, Australia.
2Department of Clinical Immunology, St Vincents Hospital,
Victoria Parade, Fitzroy, Victoria 3065, Australia.

3Joint Protein Structure Laboratory, Ludwig Institute for Cancer
Research, Melbourne Branch and The Walter & Eliza Hall
Institute of Medical Research, Parkville, Victoria 3052,
Australia.

Arabinogalactan-proteins (AGPs), a family of proteoglycans,
are common components of most plant tissues, plant secretions,
and suspension cultured plant cells. They are typically rich in
carbohydrate (usually >90% ) that contains a high proportion of
galactose and arabinose with a structure based on a (1-3)-§-
linked galactan backbone branched through C(O)6 to galactosyl
sidechains, some of which terminate in arabinofuranosyl res-
idues. The protein is usually a minor component with character-
istically high levels of hydroxyproline (Hyp), Ser and Ala.
Recently AGPs have been implicated in plant growth and
development, as determinants of cellular identity and in the
control of somatic embryogenesis. We have cloned and se-
quenced cDNAs for AGP protein backbones from styles of
Nicotiana alata [1] and from cell suspension culture of pear [2]
and tobacco. Some backbones are consistent with the concept
of a ‘classical’ AGP, a protein consisting mainly of Hyp/Pro,
Ala, Ser, Thr residues, but others are different and have an
unexpected domain structure. It is likely that these ‘non-class-
ica’ AGP protein backbones undergo extensive processing
resulting in a protein similar to that of the ‘classical’ AGPs.
Systematic characterisation of AGPs will enable us to address
some of the issues relating to regulation, processing and
function of this family of proteoglycans.

1. Du et al. (1994) The Plant Cell 6: 1643-53.

2. Chen et al. (1994) PNAS 91: 10305-09; unpublished obser-
vations.
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§10. 6.00pm
Isolation and Characterization of a Tunicamycin-
Resistant Soybean Cell Line

Y. Zeng and A. D. Elbein
Department of Biochemistry and Molecular Biology, University
of Arkansas for Medical Sciences, Little Rock, AR 72205, USA.

A tunicamycin-resistant soybean cell line was developed by
gradually increasing the concentration of tunicamycin (TM) in
the growth medium. At the final stage, the resistant cells could
survive in media containing 60 ygml~! of TM, whereas normal
cells show a greatly retarded growth rate at 0.5 uygml-! of
antibiotic. The TM-resistant cells had a greater than 40-fold
increase in the activity of the enzyme, UDP-GIcNAc:dolichyl-P
GIcNAc-1-P transferase (GPT), two- to three-fold increase in
the activity of dolichyl-P-mannose synthase, but no increase in
the activities of other enzymes of the lipid-linked saccharide
pathway such as dolichyl-P-glucose synthase or mannosyl
transferases. There was also no change in the activities of the
glycoprotein processing enzymes, glucosidase I or glucosidase II
as compared to wild type cells. The increase in GPT was due to
an increased production of enzyme as seen by a dramatic
increase in the amount of a 39 kDa protein, which is presumed
to be the GPT protein. The GPT from TM-resistant cells was
equally as sensitive to TM as was the wild type enzyme, but was
considerably more labile to temperatures above 30°. The GPT
activity in TM-resistant-cells was greatly stimulated by exogen-
ous dolichyl-P. The spectrum of oligosaccharides from labelled
lipid-linked oligosaccharides was similar in wild type and
TM-resistant soybean cells, but the resistant cells had signifi-
cantly greater amounts of the shorter and much lower amounts
of the larger-sized oligosaccharides.
Supported by NIH DK 21800.

S10 POSTERS

S10
Mode of Action of Two Enzymes That Cleave the
Backbone of Rhamnogalacturonan I

Parastoo Azadi, M. A. O’Neill, C. Bergmann, A. G. Darvill
and P. Albersheim

Complex Carbohydrate Research Center and Department of
Biochemistry and Molecular Biology, The University of
Georgia, 220 Riverbend Road, Athens, GA 30602-4712, USA.

We have investigated the mode of action of two recombinant
enzymes [1] that fragment the backbone of the pectic polysac-
charide rhamnogalacturonan I. NMR, MS, and UV analyses
establish that RGase A is an endohydrolase and RGase B is an
endolyase (see below).

Supported by US Dept of Energy DE-FG05-93ER20115.
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1. Koford et al. (1994) J Biol Chem 269: 29102.
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510
Monosaccharide and Polysaccharide Changes in Cotton
Fibres During Development and Drought Stress

A. K. Murray
Glycozyme, Inc., 17935 Sky Park Cir., # E., Irvine, CA 92714,
USA.

Monosaccharides and several polysaccharide constituents of the
primary cell wall have been determined in cotton fibres during
boll development and from plants subjected to varying levels of
drought stress. Cotton fibres were sequentially extracted with
cold water, 0.5% oxalate, 0.1 N~ HCI and 10 n NaOH, and the
extracts were analysed by HPAEC-PAD. Two polysaccharides
had the highest concentration in fibres from control plants with
decreasing concentrations in fibres from plants subjected to
moderate and high stress. They were almost completely absent
in fibres from severe drought stressed plants. Two other
polysaccharides were increased in fibres from plants subjected
to higher stress. The fibre extracts from drought stressed plants
had higher levels of arabinose and ribose and reduced levels of
glucose and fructose than the fibre extracts from control plants.
This investigation utilized one variety grown in a greenhouse
and three other varieties grown under field conditions. With
respect to the drought stress of the plants, the polysaccharide
differences appear to reflect the status of the plants over a
relatively longer period and the monosaccharide differences are
indicative of a shorter period. The relative concentrations of
three polysaccharides changed during development suggestive
of interconversions. Two of the polysaccharides studied during
development were chromatographically identical with the two
polysaccharides that were increased in higher drought stress.
The use of this analysis to determine optimal timing for
irrigation is being investigated.

S10
Bioactivity of Animal Oligosaccharides in Plants

V. E. Piskarevl, Z. N. Pavlova?, V. A. Vnuchkova?, A. V.
Babakov?, A. A. Borovskaya! and I. A. Yamskov!

! Institute of Food Substances, Russian Academy of Sciences,
Moscow, Russia.

2 Institute of Agricultural Biotechnology RAAS, Moscow,

Russia.

Recently we have demonstrated suppression of fusicoccin
(Fc)-induced elongation, rhizogenesis induction, and enhance-
ment of auxin-induced formation of callus and meristematic
zones in immature wheat embryo culture by the synthetic
pentasaccharide xyloglucan fragment (XGS5). As L-Fuc is
known to play a crucial role in the biological activity of this
class of oligosaccharide elicitors, we have studied another large
group of (fucosylated) oligosaccharides from human milk and
blood group substances with the different cores (lactose,
lactosamine, Galf1-3GalNAc, lacto-N-tetraose, lacto-N-neo-
tetraose, lacto-N-hexaose, lacto- N-neo-hexaose, para-lacto-N-
hexaose, para-lacto-N-neo-hexaose, lacto-N-octaose). Lacto-
N-difucohexaose I and Fuca1-2GalB1-3GalNAc had the same
activity as XG5 in tissue culture and the opposite in maize
apecal root segment FC-induced elongation. The other oligo-
saccharides may be sub-divided into two groups. The first group
is similar to XGS5 in both bioassays, the other one is inactive.
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Purification of a Mung Bean a1-3-Fucosyltransferase

E. Staudacher, T. Dalik, P. Wawra and L. Mirz
Institut fiir Chemie der Universitit fiir Bodenkultur, Gregor
Mendel Strasse 33, A-1180 Vienna, Austria.

An «al-3-fucosyltransferase which transfers fucose from GDP-
fucose into al-3-linkage to the inner N-acetylglucosaminyl
residue of an N-glycan was purified from mung bean seedlings
by chromatography on DE 52, Affigel Blue, chromatofocusing,
gelfiltration and an affinity column to apparent homogeneity
with a mobility on SDS-Page of about 65 kDa. The enzyme
showed maximal activity at a pH near 7.0 and required
10-15 mm of the divalent cations Mn2* or Zn?*. Triton X-100
was not required, although enhanced activity was found from
0.1-0.5%. The activity was not inhibited by N-ethylmaleimide.
A substrate specificity for N-glycans with an unsubstituted
N-acetylglucosaminyl residue at the terminal position linked
B1-2 to the al-3-antennae of the core was found, whereas a
fucose a1-6-linked to the inner GIcNAc had no negative effect
on the activity. No transfer was detected to N-acetyllactosa-
mine or lacto-N-biose.

The enzyme preparation makes it possible to produce a1-3-
monofucosylated and — with an appropriate acceptor substrate
- «l-3/a1-6-difucosylated structures which can be used for
further investigations on the biosynthetic pathway of glycans in
different organisms and for immunological studies.

S11. GOLGI ENZYME TARGETING

Chairs: Stuart Kornfeld, Carlos Hirschberg

S11. 4.00pm
Introduction

S11. 4.05pm
Targeting of Glycosyltransferases to the Golgi Apparatus

P. A. Gleeson, J. Burke, F. Matheson, H. Puthalakath
Valiyapurayil and R. Teasdale

Department of Pathology & Immunology, Monash Medical
School, Commercial Road, Melbourne, Victoria, Australia,
3181.

The Golgi apparatus maintains a highly organized structure in
spite of intense membrane traffic which flows into and out of
this organelle. Resident Golgi proteins must have localization
signals to ensure that they are targeted to the correct Golgi
compartment. There are a number of distinct groups of Golgi
membrane proteins, including glycosyltransferases, recycling
trans-Golgi network proteins, peripheral membrane proteins,
receptors and viral glycoproteins. Recent studies have indicated
that there are a number of different mechanisms for retaining
proteins to the Golgi apparatus.

We have investigated the mechanism for the localization of
two resident Golgi glycosyltransferases, namely f1,4 galactosyl-
transferase (Gal T) and N-acetylglucosaminyltransferase I
(GlcNAc TI). These membrane enzymes reside in the trans and
medial Golgi compartments, respectively. Like other Golgi
glycosyltransferases, Gal T and GlcNAc TI are membrane
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S10
The Structure of Xyloglucans from Solanaceous Plants

W. S. York, P. Albersheim and A. G. Darvill

Complex Carbohydrate Research Center and Department of
Biochemistry and Molecular Biology, The University of
Georgia, 220 Riverbend Road, Athens, GA 30602-4712, USA.

The xyloglucans (XGs) secreted by suspension cultured tobacco
and tomato cells were shown, by spectroscopic analyses of their
oligosaccharide subunits, to have different structures. The XGs
from both species are typical in that they are composed of a
(1 - 4)-linked B-b-Glcp backbone substituted at C-6 with
various side chains. The XGs from both species have o-p-Xylp
and a-L-Araf-(1 — 2)-a-p-Xylp side chains. However, the
tomato XG was significantly more complex, having S-p-Galp-
(1 - 2)-a-p-Xylp and B-Araf-(1 — 3)-a-L-Araf-(1 — 2)-a-p-
Xylp side chains that are not present in the tobacco XG. Many
of the B-p-Glcp residues in the backbone of both XGs bear an
O-acetyl substituent at C-6 rather than a glycosyl side chain.
We hypothesize that the combined O-acetyl and glycosidic
substitution patterns of XGs maintain a molecular topology that
leads to proper assembly of the XG-cellulose network in cell
walls.

Supported by DOE grants DE-FG05-93ER20115 and DE-
FG09-93ER20097.

bound proteins with an N;,/C,,, orientation, containing a short
cytoplasmic domain, a dual signal/anchor domain, and a
lumenal catalytic domain. Our initial studies showed that the
transmembrane domain of both glycosyltransferases can target
hybrid molecules to the correct Golgi cisternae. We have
further examined the contribution of each of the three domains
of GleNAc TI in medial-Golgi localization by analysing the
localization of hybrid molecules stably expressed in mouse cells
and have shown that the protein sequences from all three
domains of GIcNAc TI are necessary for complete Golgi
retention.

Based on post-translational modifications which probably
occur in the trans-Golgi network we have demonstrated that
Golgi localization of Gal T primarily involves active retention
and not retrieval. A variety of approaches including cross-link-
ing and immunoprecipitation experiments indicate that these
glycosyltransferases exist as aggregates within the Golgi ap-
paratus. This ability to aggregate may be a requirement for
Golgi retention.

S11. 4.35pm
Signals and Mechanisms for the Golgi Retention of the
2,6-Sialyltransferase

K. Colley, R. Dahdal and J. Ma
Department of Biochemistry, University of Illinois at Chicago
College of Medicine, Chicago, IL, USA.
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The &2,6-sialyltransferase (ST) is a terminal glycosyltransferase
localized in the trans Golgi and trans Golgi network. Immuno-
fluorescence microscopic localization of ST mutants and
chimeras suggests that cytoplasmic and lumenal lysine residues
flanking the ST transmembrane region are particularly impor-
tant for efficient Golgi retention, while the specific amino acid
composition and the length of the transmembrane region is not
crucial. Inefficient Golgi retention of several chimeras posses-
sing exogenous lumenal sequences also suggests that this region
plays a role in the correct folding of more amino terminal Golgi
retention sequences and points to the conformation dependence
of these retention sequences. We have begun to test the
possibility that the ST forms insoluble oligomers in the specific
environment of the late Golgi, preventing transport out of the
Golgi, and leading to enzyme retention. Analysis of rat liver
Golgi and ER membranes demonstrated that ~35% of the ST
protein forms a disulfide-bonded dimer in the Golgi. Interest-
ingly, the dimer is catalytically inactive due to a weak affinity
for its donor molecule, CMP-sialic acid. However, the ST dimer
is able to bind galactose-terminated substrates and may function
as a galactose-specific lectin in the Golgi. While only monomer
and dimer forms of the ST were detected following glycerol
gradient sedimentation analysis, we found that the dimer form
of the ST preferentially becomes insoluble at pH 6.4, the pH of
the late Golgi. These results suggest the possibility that the ST
dimer initiates or augments the formation of weakly associated
ST oligomers leading to this enzyme’s retention in the Golgi.

S11. 5.05pm
Cloning of the Golgi UDP-GlcNAc Transporter of
Kluyveromyces lactis

C. Abeijon', E. Mandon!, P. W. Robbins? and C. B. Hirsch-
berg!

L Department of Biochemistry and Molecular Biology, University
of Massachusetts Medical Center, Worcester, MA 01655, USA.

2 Department of Biology, MIT, Cambridge, MA 02139, USA.

The outer-chain carbohydrate mannoproteins of K. lactis differ
from those of S. cerevisiae in that they contain a terminal
aGlcNAc. Douglas and Ballou [1] described a mutant of K.
lactis (mnn2-2) which lacks the terminal aGlcNAc. Detailed
biochemical studies by these authors ruled out the possibility
that the defect was the result of a lack of the corresponding
N-acetylglucosaminyltransferase, endogenous acceptors, or im-
paired biosynthesis of UDP-GIcNAc. We have determined that
this mutant phenotype is the result of a defect in transport of
EDP-GIcNAc into Golgi vesicles. This was demonstrated by
preparing vesicles from wild-type and mnn2-2 cells and showing
that both vesicles were able to translocate into their lumen
GDP-mannose while only those from wild-type cells were also
able to transport UDP-GlcNAc.

The mutant cell line was then transformed with a wild-type
K. lactis genomic library. Transformants that recovered the
wild-type phenotype were selected using FITC-GS II lectin and
a fluorescent activated cell sorter. A 2.6 kb DNA fragment was
sequenced and found to code for a hydrophobic protein which
appears to have multiple transmembrane domains and presum-
ably is the UDP-GIcNAc transporter.

1. Douglas, Ballou (1982) Biochemistry, 21: 1561.
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Medial-Golgi Localization and an Ecto-type Form of
UDP-N-acetyl-glucosamine: f-p-mannoside
[-1,4N-acetylglucosaminyltransferase ITI

Y. Ihara', T. Senda?, A. Nishikawa!, E. Miyoshi!, M. Yoshi-
mura!, N-Z. Zhang? and N. Taniguchi?

1 Departments of Biochemistry and * Anatomy III, Osaka
University Medical School, 2-2 Yamadaoka, Suita, Osaka,
Japan.

3 Department of Biochemistry, Hebei Academy of Medical
Sciences, 62 Qingyuan Street, Shijiazhuang 050021, China.

UDP- N-acetylglucosamine: f-p-mannoside 8-1,4 N -acetylglucos-
aminyltransferase III (GnT-III; EC 2.4.1.144) is a key enzyme
in the regulation of branch formation in N-glycans. A GnT-III-
specific polyclonal antibody immunoprecipitated GnT-III activ-
ity with molecular masses of 88 kDa and 74 kDa from mouse
melanoma B16-F1 cells transfected with the rat GnT-III gene.
Immunocytochemical studies showed that the immunoreactive
GnT-III was localized mainly in the medial-Golgi region and
partially in the cytosol and plasma membrane. To compare
artificial expression of GnT-III with natural expression, GnT-
III expression in normal rat kidney was investigated immunobhis-
tochemically. GnT-III was mainly found in the apical cytoplasm
and plasma membrane of the brush border rather than in the
Golgi apparatus of proximal tubular cells. The immunoreactive
GnT-III in the brush border membranes had molecular masses
of 38—-44 kDa and had lower GnT-III activity than the Golgi
form. These results provide evidence for the presence of an
‘ecto-GnT-III’ in the plasma membrane of proximal tubular
cells of the kidney. These observations also suggest that the
sorting and translocation of GnT-III are controlled not only by
the GnT-III molecule itself but also by the cell type-specific
sorting environment.

S11. 5.55pm
The Stem Region of the Polypeptide: xGalNAc Transferase
Contains a cis Golgi Retention Signal

C. Vassard, V. Piller, N. Bureaud and F. Piller
Centre de Biophysique Moléculaire, CNRS et Univ. d’Orléans,
F45071 Orléans Cedex 2, France.

The polypeptide aGalNAc transferase catalyses the first step of
O-glycosylation. This enzyme as well as its reaction products
have recently been localized in the cis Golgi stacks and may
therefore be considered a specific marker for the cis Golgi
compartment. The mechanism and sequences responsible for
the retention of this enzyme in the cis Golgi are the object of
our investigation.

c¢DNA encoding the bovine aGalNAc transferase and con-
taining a tag sequence at the 3’ end was expressed in different
cell lines and the product was localized by confocal immuno-
fluorescence microscopy using an antibody directed at the tag
sequence. In COS-7, HeLa, HOS and MCF?7 cell lines trans-
fected with the construct encoding the full-length sequence of
the enzyme, the transferase was found exclusively in an
intracellular compartment which is likely to be the cis Golgi.
The cellular localization of the enzyme was not altered by
deletion of its cytoplasmic tail or substitution of some of the
aminoacids in the transmembrane domain of the molecule.
However, deletion of 60 aminoacids situated on the luminal side
of the enzyme near the transmembrane domain drasticaily
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changed the intracellular localization of the transferase. These
results indicate that, in contrast to glycosyltransferases located
in the median or #rans Golgi, the stem region — and not the
cytoplasmic tail or the transmembrane domain - is responsible
for the retention of the aGalNAc transferase in the cis Golgi
compartment.

S11 POSTERS

S11

Characterization of Mano-mannosidase from Human
Kidney Expressed in COS 1 Cells

E. Bieberich and E. Bause
Institut fiir Physiologische Chemie, Universitit Bonn, Germany.

Mang-mannosidase cloned from a human kidney cDNA library
[1] was transiently expressed in COS 1 cells, resulting in a more
than 20-fold increase of a 1,2-specific mannosidase activity (as
determined with (¥C)MangGlcNAc;). The expressed activity
was strongly inhibited by 1-deoxymannojirimycin (50% at
100 gem). The protein has a molecular mass of 73 kDa and was
found to be glycosylated at one of three potential N-glycosyla-
tion sites. Approximately 50% of the N-linked oligosaccharide
chains are cleaved by endo H. Complete susceptibility to endo
H was obtained when transfected cells were cultured in the
presence of the Golgi mannosidase II inhibitor swainsonine
indicating partial processing by medial or trans Golgi resident
enzymes. This observation is consistent with the results of
indirect immunofluorescence studies, pointing to a localization
of the expressed Mang-mannosidase protein predominantly in a
juxtanuclear Golgi region. The Golgi localization differs from
that one determined recently for pig liver Mang-mannosidase
which was immunolocalized in the ER and transient vesicles.
Proteolytic experiments indicate that both the human kidney
and pig liver enzyme are type II transmembrane proteins.

1. Bause E et al. (1993) Eur J Biochem 217: 533-40.

2. Roth Jetal. (1990) Eur J Cell Biol 53: 131-41.

S11

Specific Detection of Transfected al,3Fucosyltransferase
(Fuc-T 5) in the Golgi Apparatus by
Immunocytochemistry

L. Borsig, E. G. Berger and B. Bowen
Institute of Physiology, University of Zurich, Switzerland.
CIBA-Geigy, Summit, USA.

The fucosyltransferases (Fuc-Ts) constitute a family of trans-
ferases incorporating terminal fucose residues into glycoprotein
or glycolipid glycans. Their putative cellular location is the
Golgi apparatus. Immunocytochemical localization has been
hampered by the lack of specific antibodies due to extensive
homologies of Fuc-T III, V and VI at the protein level. Here we
report the first immunocytochemical detection of a fucosyltrans-
ferase, in particular Fuc-T V. Plamids encoding Fuc-T V were
transfected into COS-cells and enzyme expression detected by
using an antibody raised against a specific peptide stretch of
Fuc-T V which is absent in the closely related Fuc-T III and
Fuc-T VI. This antiserum was shown not to crossreact with the
homologous Fuc-Ts transfected into COS-cells and tested for
the presence of corresponding activities in COS cell lysates.
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Another specific antiserum to Fuc-T V was elicited by expres-
sing the N-terminal part of the coding sequence as a fusion
protein with B-galactosidase in E. coli. Both antisera were
characterized by ELISA, immunofluorescence and immuno-
precipitation of Fuc-T V metabolically labelled in transiently
transfected COS-cells.

These antisera will be used as tools to study developmental
and spatial regulation of expression of Fuc-T V.

Supported by the SNSF.

S11

Targeting of Transfected f1,4Galactosyltransferase to the
Golgi Apparatus and the Cell Surface in COS-1 cells: Role
of the N-terminal 13 Amino Acids

A. Dinter and E. G. Berger
Institute of Physiology, University of Zurich, Switzerland.

Earlier work has demonstrated that precursors of §1,4galacto-
syltransferase (GT) exist as 42 kDa (GT;) and 44 kDa (GT))
forms corresponding to two initiation met sites separated by 13
amino acids. Data reported by other groups on differential
targeting of these forms are conflicting. Here we show by
immunofluorescence using monoclonal or protein-specific poly-
clonal antibodies that COS-1 cells, transiently transfected with a
plasmid encoding GT; forms under the control of the CMV
promoter, expressed the recombinant enzyme both in the Golgi
apparatus and on the cell surface. Conversely, expression of
GT; was restricted to the Golgi apparatus. Cell surface appear-
ance of GT; occurred in two aspects: as evenly distributed
ectoenzyme on attached cells and in a condensed form on
rounded (dead) cells suggesting toxic effects of overexpression
on the cell surface. Transfection of the same plasmids into CHO
cells which lack a replicating system did not lead to cell surface
expression of GT suggesting that in order for the N-terminus to
specify for cell surface expression a high level of expression is
also required.
Supported by SNSF.

s11

Purification and Characterization of Human Lymphoid
N-Acetylglucosamine-1-phosphodiester
a-N-acetylglucosaminidase

A. L. Miller, K. Zhao, E. Tsai, L. Tao and T. Page
University of California, San Diego 92093, USA.

The intracellular segregation of many lysosomal enzymes to
lysosomes is dependent on those enzymes possessing a targeting
signal, mannose-6-phosphate, on their oligosaccharide side
chains. This marker is generated through the concerted action
of two key enzymes: (1) UDP-GIcNAc:glycoprotein GleNAc-1-
phosphotransferase (GlcNAcPTase); and (2) the N-acetylgluco-
samine-1-phosphodiester a-N-acetylglucosaminidase (uncover-
ing enzyme). Although the uncovering enzyme plays a key role
in the biosynthesis and targeting of lysosomal enzymes to
lysosomes, little information is currently available concerning
its structure, intracellular location and the gene products that
control its expression. Preliminary studies in our laboratory
using cultured human lymphoid cells from a healthy individual
produced a partially purified enzyme [1]. The current results
demonstrate that the uncovering enzyme isolated from human
lymphoid cells can be purified through a sequence of separate
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chromatographic methodologies including Lentil Lectin Sephar-
ose, DEAE-Sephacel, Affigel 501 and Zn-(II)-IDA Sepharose
followed by separation elution of polypeptide(s) on preparative
SDS-gel electrophoresis. Analytical SDS-PAGE of the eluted
and separated proteins followed by activity measurements
revealed that the uncovering enzyme migrated as a doublet of
apparent molecular weights of 106 kDa and 102 kDa. Charact-
erization studies including pH optimum and kinetic properties
with respect to different substrates were also carried out using
the purified protein.
Supported by NIH grant NS12138 to Arnold L. Miller, PhD.

1. Zhao K, Miller AL (1993) In: ‘Molecular Mechanisms of
Membrane Traffic’ (Moore DJ, Bergeron JIM, Howell KM,
eds) New York: Springer-Verlag. Vol. H74:371-72,

S11
Release of Sialyltransferases from Golgi membranes in
Liver by a Cathepsin D-like proteinase

K. Richardson and J. C. Jamieson
Department of Chemistry, University of Manitoba, Winnipeg,
MB R3T2N2. Canada.

Previous work showed that GalB1-4GlcNAca2-6sialyltrans-
ferase (2-6NST) was released from the lumenal face of the
Golgi by the action of endogenous cathepsin D which was
believed to be the lysosomal enzyme [1]. The release of
sialyltransferase was particularly prominent during the acute
phase response to inflammation. We have now shown that two
other sialyltransferases are released by a similar mechanism.
These are GalB1-3(4)GlcNAca?2-3sialyltransferase (2-3NST),
and SAT-1 (which adds NeuAc to form NeuAca2-3Galpl-
4GlcCeramide). There was a three-fold increase in the levels of
Golgi 2-6NST in inflammation, but the other sialyltransferases
decreased by about 50%. However, all three enzymes were
released from the Golgi by incubation at reduced pH which
activates the endogenous cathepsin D. Pepstatin A was found to
block the release of all three enzymes providing support for the
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idea that cathepsin D is the proteinase that clips the catalytic
portion of the sialyltransferases from their stem and anchor
regions. A similar conclusion was made following the use of
liver slices to follow the release of sialyltransferases from liver
after inflammation.

1. Lammers G, Jamieson JC (1988) Biochem J 256: 623-31.

s11

Morphological Changes in the Hepatocyte Golgi
Apparatus which Accompany the Release of
a2-6Sialyltransferase during the Acute Phase Response to
Inflammation

G. Thorne-Tjomsland and J. C. Jamieson
Department of Chemistry, University of Manitoba, Winnipeg,
MB R3T 2N2, Canada.

Following turpentine-injection (TI) to induce the acute phase
response to inflammation, the TGN-resident Galpl-
4GlIcNAca2-6sialyltransferase (2,6ST) is released into the
serum with a time-curve (initial increase: 8—12 h, max: 48 h)
which parallels that of acute phase reactants. To obtain a
morphological correlate of this event, the Golgi region of
hepatocytes was analysed with transmission electron microscopy
1-66 h following TI. Changes occurred both in the types of
materials processed by the Golgi and in the morphology of the
Golgi membranes. Lipoprotein particles were processed at 1, 2,
6, 12 and 16 h, and again at 66 h post-TI; a granulofilamentous
material was processed at 12, 16, 24 and 48 h post-TI. The
processing of two visible secretory materials in consecutive, but
overlapping time-intervals allowed us to: 1) identify subcom-
ponents of the Golgi and vesicle-populations involved in the
transport of the two materials; and 2) to study their sorting.
Major changes in Golgi membrane morphology, at the height of
2,6ST release, included: dilation of the mid-saccules, deposition
of an electron-dense matrix near the TGN and the acquisition
of lysosomal cytidine monophosphatase reactivity by the TGN.

S12. GLYCOBIOLOGY OF YEASTS, MOLDS AND BACTERIA

Chairs: Howard Bussey, Phil Robbins

S12. 4.00pm

Molecular Mimicry and Structural Variations in
Lipopolysaccharides of the Ulcer Associated Bacterium,
Helicobacter pylori

G. O. Aspinall', M. A, Monteiro! and A. P. Moran?

L Department of Chemistry, York University, Toronto, Canada.
2 Department of Microbiology, University College, Galway,
Ireland.

Characterizations of lipopolysaccharides (LPS) were under-
taken to provide a molecular basis for strain to strain antigenic
variations and interactions of bacterial cell surface components
with gastric mucosa. Samples from rough- and smooth-forms of
the H. pylori type strain [NCTC 11637; ATCC 43504]; P466 [a
poorly haemagglutinating strain binding to Le® antigen] and
MO19 [a haemagglutinating strain not binding to epithelial

cell]; and strain C1 [serogroup O:3; from J.L. Penner] were
used for studies of LPS and products from chemical and
enzymic degradation, by chemical analyses, nuclear magnetic
resonance spectroscopy, and mass spectrometry [fast atom
bombardment and electron impact]. The primary structure was
assigned for the O-chain, an intervening region, and the core
OS of the type strain. The discovery of repeating O chains of
fucosylated N-acetyllactosaminoglycans with Le* determinants
provided a remarkable example of bacterial molecular mimicry
of human cell surfaces. The inner core OS region was estab-
lished as a hexasaccharide unit, with an attached phosphoric
monoester and a reducing 3-deoxy-p-manno-octulosonic acid
terminus, and was identical in the four LPS samples. LPS from
the three other strains differed from that of the type strain in
one or more of: elongation of O chains; termination of O chain
by the Ley determinant; or the sugar units in the intervening
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region including those of the rare sugar, p-glycero-p-manno-
heptose.

The mimicry of Lewis blood group antigens on the surface of
H. pylori strains may have important implications for coloniza-
tion and pathogenesis, especially in the expression of tumour-
associated carbohydrate antigens on the bacterial surface in
relation to carcinogenesis and immune suppression. The results
may also aid the development of specific antibodies for diag-
nosis of infections.

$12. 4.20pm

Biosynthesis of the E. coli K4 Capsule Polysaccharide — a
Parallel System for Studies of Glycosyltransferases in
Chondroitin Formation

K. Lidholt and M. Fjelstad
Department of Medical and Physiological Chemistry, University
of Uppsala, The Biomedical Center, S-751 23 Uppsala, Sweden.

The E. coli strain K4 synthesizes a capsule polysaccharide
[GalNAc-GlcA(Fru)], with the carbohydrate backbone iden-
tical to chondroitin [1]. The branching fructose units can easily
be removed from the polymer by mild acidic hydrolysis. In
order to assay the GlcA and GalNAc transferase activities of
the bacterial membrane, acceptor oligosaccharide substrates
derived from the K4 polysaccharide were prepared using both
enzymatic degradation and partial hydrazinolysis followed by
deamination with nitrous acid. Bacterial membranes were
assayed for glycosyltransferase activities using these acceptor
oligosaccharides and radiolabelled UDP-[*C]GlcA resp UDP-
[*H]GalNAc. It was found that defructosylated (chondroitin)
oligosaccharides [GalNAc-GlcA],-GalNAc could serve as sub-
strates for the GIcA transferase and the GlcA-[GalNAc-
GlcA],-aTalg were acceptors for the GalNAc transferase. The
enzymatically labelled oligosaccharide products were com-
pletely degraded with Chondroitinase AC and the [“C]GlcA
unit was removed by S-p-glucuronidase. A fructosylated oligo-
saccharide acceptor [GalNAc-GlcA(Fru)], tested for transfer of
[“C]GIcA was inactive. These results indicated that the chain
elongation reaction of the K4 polysaccharide proceeds by
addition of the sugar units one by one from the corresponding
UDP-sugars to the nonreducing end of the polymer and before
the addition of the fructose units. This mechanism is similar to
polymerization of the chondroitin sulfate and makes the biosyn-
thesis of the K4 polysaccharide to an interesting parallel system
for studies of the chondroitin sulfate biosynthesis.

1. Rodriguez M-L, Jann B, Jann K (1988) Eur J Biochem 177:
117-24.

S12. 4.40pm

Cloning and Expression of the §-N-Acetylglucosaminidase
Gene from Streptococcus pneumoniae: Generation of
Truncated Enzymes with Modified Aglycon Specificity

V. A. Clarkel, N. Platt? and T. D. Butters!

LGlycobiology Institute, Department of Biochemistry, University
of Oxford, Oxford OXI1 3QU, UK.

28ir William Dunn School of Pathology, University of Oxford,
0X1 30X, UK.

The aglycon specificity exhibited by f-N-acetylglucosaminidase
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from Streptococcus pneumoniae not only makes it a useful tool
for oligosaccharide sequencing, it also makes it a suitable
candidate for the investigation of the molecular requirements
that dictate substrate/enzyme interactions. We have obtained
the gene encoding a f-N-acetyiglucosaminidase from S. preu-
moniae by screening an expression library for arylglycoside
hydrolytic activity. Clones of different nucleotide sizes were
obtained and DNA sequencing revealed a gene of 3933 bp.
Analysis of the translated protein of 1311 amino acids
(144210 Da) identified a tandem repeat within which lies a
sequence homologous with six other hexosaminidase gene
products from a wide variety of species. Also found were an
N-terminal putative secretion signal peptide and a C-terminal
cell sorting/anchorage motif also found in over 20 other gram
positive surface proteins. The expression of an almost complete
DNA clone in E. coli produced a functional and authentic
p-N-acetylglucosaminidase with aglycon specificity identical to
the wild type enzyme. However, enzymes produced from
truncated DNA clones show more restricted aglycon specificity
and were unable to hydrolyse terminal B1-2GlcNAc residues
from N-glycans containing a bisecting N-acetylglucosamine.
The availability of truncated enzymes that have altered sub-
strate specificities allows structural analyses to be made of
catalytic and oligosaccharide recognition protein domains that
enhance functional activity.

$12. 5.00pm
The Essential Role and Complexity of GPI Biosynthesis in
Yeasts

P. Orlean, S. D. Leidich, P. A. Colussi, Z. Kostova and R. R.
Latek

Department of Biochemistry, University of Illinois, Urbana, IL
61801, USA.

The Saccharomyces cerevisiae GPI anchoring mutants gpil,
gpi2, and gpi3, isolated by screening for strains blocked in
[*Hlinositol incorporation into protein, are defective in vitro in
the synthesis of GlcNAc-PI, the first step in GPI assembly.
Single gpi mutants are temperature-sensitive and double gpi
mutants are inviable, indicating that GPI synthesis is required
for growth of S. cerevisiae. The GPII and GPI2 genes were
cloned by complementation, and encode hydrophobic proteins
that do not resemble other proteins known to participate in GPI
assembly. GPI3 encodes a protein similar to the human PIG-A
protein, which also participates in GlcNAc-PI synthesis. Over-
expression of the Gpi2 protein gives partial suppression of the
gpil mutant’s temperature sensitivity suggesting that the Gpil
and Gpi2 proteins interact with one another in vivo. Taken
together, our results with S. cerevisiae gpi mutants, and others’
results with human genes required for GIcNAc-PI synthesis,
indicate that at least four proteins participate in the first step in
GPI synthesis. We have cloned the Schizosaccharomyces pombe
GPII gene by complementing the S. cerevisine gpil mutant with
an S. pombe cDNA library. Disruption of the S. pombe GPII
gene is lethal, confirming the importance of GPIs in unicellular
eukaryotes. Using PCR amplification, we have identified a
GPII gene in the filamentous fungus Aspergillus nidulans. We
are exploring the effects of GPI anchoring mutations on fungal
growth and morphogenesis.

Supported by NIH GM46220 and American Cancer Society
JFRA-459.
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S12. 5.20pm
MNN4, Gene for the Mannosylphosphate Addition of
N-Glycosylation in Saccharomyces cerevisiae

T. Odani, Y. Shimma and Y. Jigami
National Institute of Bioscience and Human Technology, 1-1
Higashi, Tsukuba, Ibaraki 305, Japan.

The mnn4 mutant contains a low phosphate in the outer chain
of N-linked oligosaccharides. Although the mutant shows a
dominant phenotype, the dominancy is suppressed by osmotic
stabilizers like KCl or sorbitol. This mutation is mapped on the
left arm of chromosome XI near the TRP3 and URA3 loci. To
analyse the effect of this mutation on the mannosylphosphate
addition in the core oligosaccharide formed in the ER, the cell
adsorption to the anion exchange QAE-beads was compared
between Aochimnnl double and Aochlmnnlmnn4 triple
mutants, both of which lack a mannose outer chain due to the
lack of initiation specific a-1,6-mannosyltransferase encoded by
OCHI gene. The latter cells were adsorpted to the beads
significantly less than the former cells, suggesting that the mnn4
mutation may affect the mannosylphosphate addition not only
to the outer chain but also to the ER core portion.

To clone the wild type MNN4 gene, the recessive conditions
were established that distinguishes Alcian Blue dye binding of
cells between mnnl and mnnlmnnd4 strains. One of the DNA
fragments which were expected to include the MNN4 loci (from
ATCC) was able to complement the mnn4 mutation. According
to the sequence data of Chr. XI, the minimum region of 11.7 kb
contained two intact ORFs, but neither was able to complement
the mnn4 mutation. Since these two ORFs were closely linked
each other in the same ORF, the gap region was sequenced,
revealing a new big ORF of 3534 bp after nine single base
corrections. The predicted protein had a membrane spanning
region near the N-terminus, suggesting that the MNN4 may
encode a gene for mannosylphosphate transferase, which is
responsible for the oligosaccharide phosphorylation in S. cerevi-
siae.

S12. 5.40pm

Localization of the Kre2p/Mntlp
ol,2-mannosyltransferase to the Saccharomyces cerevisiae
Golgi Complex

M. Lussier, A.-M. Sdicu, T. Ketela and H. Bussey
Department of Biology, McGill University, Montréal, Québec,
Canada, H3A 1B1.

The yeast Kre2p/Mntlp a1,2-mannosyltransferase is a type II
membrane protein with a short cytoplasmic amino-terminus, a
membrane-spanning region, and a large catalytic lumenal do-
main containing one N-glycosylation site. Kre2p/Mntlp adds
the third mannose residue to O-linked mannosyl side-chains of
proteins and is also involved in N-linked outer chain elabora-
tion. Anti-Kre2p/Mntlp antibodies identify a 60-kD integral
membrane protein which is progressively N-glycosylated in an
MNNI-dependent manner. Kre2p/Mntlp is localized in a Golgi
compartment which overlaps with that containing the medial
Golgi mannosyltransferase, Mnnlp, and distinct from that
comprising the late Golgi protein, Kexlp. To determine which
regions of Kre2p/Mntlp were required for Golgi localization,
Kre2p/Mntlp mutant proteins were assembled by substitution
of Kre2p domains with equivalent sequences from the vacuolar
proteins DPAP B and Pho8p. All chimeric proteins were tested
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for correct topology, in vitro and in vivo activity, and were
localized intracellularly by indirect immunofluorescence. The
results demonstrate that the short N-terminal cytoplasmic tail
domain is necessary for correct Kre2p Golgi localization,
whereas the membrane spanning and stem domains are not.
However, a reporter protein can only be localized to the Golgi
complex by a region of Kre2p which encompasses the cyto-
plasmic tail, the TMD, and a partial stem region.

§12. 6.00pm
Synthesis of ‘Nod’-Like Chitin Oligosaccharides by the
Xenopus Developmental Protein DG42

C. E. Semino and P. W. Robbins
Center for Cancer Research, Massachusetts Institute of
Technology, Cambridge, MA 02139, USA.

The Xenopus DG42 gene is expressed only between the late
midblastula and neurulation stages of embryonic development.
Recent data base searches show that DG42 has striking
sequence similarity to the Rhizobium NodC protein. NodC
catalyses the synthesis of chitin oligosaccharides which subse-
quently are transformed into bacterium-plant root signalling
molecules. We find that the DG42 protein made in an in vitro
coupled transcription-translation system catalyses the synthesis
of an array of chitin oligosaccharides. The result suggests the
intriguing possibility that a bacterium-plant type of ‘nod’
signalling system may operate during early stages of vertebrate
embryonic development and raises issues about the use of chitin
synthase inhibitors as fungal-specific drugs.

S12 POSTERS

S12
Functional Domains of Bovine 1,4 Galactosyltransferase

E. E. Boeggeman, P. V. Balaji and P. K. Qasba
LMMB, DCBDC, NCI, NIH, Bethesda, MD 20892, USA.

B-1,4 Galactosyltransferase (8-1,4 GT) is a type II membrane
protein, composed of a short amino-terminal cytoplasmic tail, a
signal anchor domain, a stem region and a domain that
catalyses the transfer of galactose from UDP-galactose to the
terminal N-acetylglucosamine (NAG) residue in glycoproteins
and glycolipids. Site-directed mutagenesis was used to identify
in bovine B-1,4 GT the regions that interact with N-acetyl-
glucosamine and UDP-galactose. A series of N-terminal dele-
tion mutants were constructed by polymerase chain reaction,
and expressed in E. coli. Both fusion and non-fusion recombi-
nant proteins localized in inclusion bodies, as insoluble aggreg-
ates, and required ‘oxido-shuffling’ reagents for the regenera-
tion of the enzyme activity. Decreasing the length of the
N-terminal region of f-1,4 GT affects the solubility of the
enzyme which is restored with increasing concentrations of
NaCl. Enzyme kinetic analysis for mutants lacking residues
1-129 revealed that the K, values for NAG, chitobiose and
chitotriose were not significantly different from bovine milk
B-1,4 GT. Two GT fragments: GT-d129NAG, (residues
130-257), and GT-d257UDP (residues 258 to end) bound UDP-
and NAG agarose column in the presence of 25 mm MnCl+2,
Elution of GT-d257UDP from UDP-galactose and NAG agar-
ose columns is dependent on the presence of 50 mm EDTA and
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15 mMm NAG, while GT-d129NAG can be eluted with 15 mm
NAG in the absence of 50 mm EDTA, suggesting that the
amino-terminal region binds poorly to Mn* while the carboxy-
terminal region of $-1,4 GT binds Mn?" tightly.

S12
Engineering of the Carbohydrate Moiety of Fungal
Glycoproteins to a Mammalian Type

M. Maras and R. Contreras
Laboratory of Molecular Biology, Ghent University, K. L.
Ledeganckstraat 35, B-9000 Ghent, Belgium.

Mammalian-like hybrid oligosaccharides were synthesized on
glycoproteins from the filamentous fungus Trichoderma reesei
by in vitro enzymatic modification. In addition, we showed that
preincubation of the fungal protein with Aspergillus saitoi ol,2
mannosidase improved formation of the hybrid structure.
However, it did not appear possible to convert all fungal
oligosaccharides to the acceptor substrate for N-acetyl glucosa-
minyl transferase I. During fermentation in different growth
media, oligosaccharides are synthesized that predominantly
range from Man5Gn2 to Man9Gn2. A small fraction of the
N-glycans are larger than Man9Gn2. The presence of small
N-glycans seems not to be due to trimming in the extracellular
medium. These results indicate that in Trichoderma reesei,
processing of the oligosaccharides partly resembles that of
mammalian cells and partly that of yeast: the majority of the
precursor oligosaccharides, that are transferred to the nascent
protein chain are trimmed to mannose structures containing
nine to five mannose residues. This resembles the first mamma-
lian processing steps. Such trimming steps are not at all
observed in Saccharomyces cerevisige. On the other hand, a
fraction of the fungal oligosaccharides are extended through
addition of mannose residues in linkages different from the
a1,2 linkage. This resembles yeast processing.

S12
Heterogeneity of Cell Wall Glycolipids Paralleled with
Virulence in Myocobacterium tuberculosis Human Isolates

N. Fujiwara, K. Chaicumpar, H. Fujii, S. Oka and I. Yano
Department of Bacteriology Osaka City University Medical
School, 1-4-54, Asahi-machi, Abeno-ku, Osaka 545, Japan.

Tuberculosis is a chronic disease caused by Mycobacterium
tuberculosis infection. The major pathological changes are
immunologically hypersensitive granuloma formation due to the
local proliferation or infiltration of immune cells. However, the
mechanism for the development of the disease has not been
fully understood. The first step of infection is intracellular
survival in the phagocytic cells and this process has been
reported to be regulated by cell surface glycolipid virulence
factors. Since recently, genetical heterogeneity of M. tuberculo-
sis among strains has been reported based on DNA fragmenta-
tion pattern, we have examined the distribution of cell surface
glycolipids (cord factor, sulfolipids, acylated trehaloses and
phenolglycolipids) among the virulent (H37Rv, Aoyama B) and
avirulent (H37Ra) strains. The glycolipid components were
separated by two dimensional thin-layer chromatography of
silicagel. Each glycolipid was identified by FAB/MS analysis of
intact lipid and GC/MS analysis of fatty acids or carbohydrate
moiety. As a result of this, we found a very heterogeneous
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distribution of glycolipids among strains. Cord factor existed
ubiquitously, but sulfolipids did not. Major acylated trehaloses
were detected only in virulent strains. Only limited strains
produced phenolglycolipids. The results shows the existence of
these toxic glycolipids profoundly contributes to the virulence of
M. tuberculosis. The combined effect and role of each glyco-
lipid will be discussed.

S12
Isolation and Characterization of CMP-NANA Synthase
from Haemophilus ducreyi

M. Tullius and B. Gibson
Department of Pharmaceutrical Chemistry, University of
California, San Francisco, CA 94143, USA.

Haemophilus ducreyi is a gram-negative bacterium that infects
the genital epithelium causing the sexually transmitted disease
‘chancroid’. Chancroid has been shown to be an independent
risk factor for the transmission of AIDS. The outer-membrane
lipooligosaccharides (LOS) of H. ducreyi have been implicated
in the pathology of this disease. Previously, we have reported
the presence of terminal lactosamine in the majority of H.
ducreyi LOS, which can then undergo the addition of sialic acid
(N-acetyl-neuraminic acid, or NANA) to form terminal sialyl-
lactosamine. Sialic acid is thought to be an important virulence
factor and, therefore, we have begun to identify and character-
ize the enzymes required for the biosynthesis of these sialylated
LOS glycoforms in pathogenic strains of H. ducreyi.

Although our initial attempts to isolate the sialyltransferase
were unsuccessful, we have isolated and characterized the
CMP-NANA synthase in the soluble portion of disrupted H.
ducreyi cells. This enzyme has been purified to homogeneity
using a series of dye, hydrophobic interaction, anion exchange,
and size-exclusion chromatography steps. We have demon-
strated in an in vitro assay that this protein is capable of
synthesizing CMP-sialic acid in the presence of CTP and sialic
acid. Preliminary characterization studies have allowed us to
determine the K, for both substrates, i.e. =0.7 mm for sialic
acid and ~0.1-0.2 mm for CTP, as well the enzymes require-
ment for Mg*? (activity vs. [Mg*?]). N-terminal protein se-
quence data have also been obtained that show this enzyme to
share sequence identity with the other two members of this
enzyme family, the CMP-NANA synthase from E. coli (40%)
and N. meningitidis (48%).

S12

A Simple and Rapid Dot Immunoassay for the
Serodiagnosis of Tuberculosis using Cord Factor
{Trehalose 6,6'-dimycolate) as Antigen

Y. Han!, N. Fujiwara!, H. Fuyjiil, S. Okal!, L
R. Maekura?, M. Ito! and S. Yano!

1 Department of Bacteriology Osaka City University Medical
School, 1-4-54, Asahimachi, Abenoku, Osaka 545, Japan.
2Toneyama National Hospital, 5-1-1, Toneyama, Toyonaka 560,
Japan.

Yano!,

It is essential in the diagnosis of pulmonary tuberculosis, to
demonstrate the tubercule bacilli in the sputum of patients
either by smear staining or by isolation. Such conventional
methods, however, have many drawbacks, i.e. the detection
rate is low in the smear test and isolation by culture requires
4—6 weeks. Therefore, there is a need for the development of a
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rapid and reliable diagnostic method (serologic diagnosis) for
tuberculosis. In the previous paper,we reported that antibodies
against cord factor (trehalose 6,6’-dimycolate), a characteristic
cell-wall component of tuberculous bacilli are produced in the
serum of patients with pulmonary tuberculosis, and that the
detection of anti cord factor antibody is useful in rapid
serodiagnosis of tuberculosis. However, microplate ELISA
requires a plate reader system and substantial amount of
antigenic cord factor. We report here that a simple dot enzyme
immunoassay based on the recognition of serum IgG antibody
using polyvinyliden difuluoride (PVDF) membrane promising,
and that the previously described favourable test characteristics
of plate ELISA confirmed. For patients with active and
untreated pulmonary tuberculosis, the plate ELISA test had a
sensitivity of 81% and a specificity of 96% and the dot ELISA
also showed similar levels, showing usefulness of the serodiag-
nosis of tuberculosis. Dot blot enzyme immunoassay may be the
most promising for use as a screening test in situations of
restricted technical facilities.

S12
Granuloma Formation by Novel Mycoloyl Glycolipids
Paralleled with Cytokine Induction in Mice

M. Hirai, H. Fujii, N. Fujiwara, M. Morimoto, S. Oka and
I. Yano

Department of Bacteriology, Osaka City University Medical
School, 1-4-54 Asahimachi, Abenoku Osaka 545, Japan.

Granulomatous inflammation is the most characteristic change
in tuberculosis infection. This is noted by the local proliferation
or infiltration of immune cells such as monocytes, mature or
immature macrophages or lymphocytes in the lungs, spleen or
liver. Tuberculous granulomas are produced by complicated
immunological processes. However, the mechanisms for such
pathological changes are not well understood. Cord factor (a
mycoloyl glycolipid) is an adjuvant-active glycolipid with which
granuloma (foreign body type) can be generated without any
protein antigen. We have investigated the granuloma forming
activity of various mycoloyl glycolipids isolated from mycobac-
teria, nocardia, and rhodococci, paralleled with cytokine
(TNFa) inducing activity. In this paper, we report that various
mycoloyl glycolipids were isolated from Rhodococcus terrae,
including trehalos, glucose, mannose or fructose esters of
mycolate. A newly isolated novel glycolipid ‘trehalose trimycol-
ate’ showed the highest activity for granuloma formation in
mice after intravenous administration of water in oil in water
emulsion, trehalose dimycolate, monoacyltrehalose dimycolate
and glucose monomycolate also showed significant activity. In
contrast, mannose or fructose esters did not show any activity.
The importance of carbohydrate moiety and mycoloyl residues
to induce granulomas in mice will be stressed.

S12
Analysis of Yeast Mannosylphosphate Transferase

K. Nakayama, K. Ichikawa, Y. Feng and Y. Jigami
National Institute of Bioscience and Human Technology 1-1
Higashi, Tsukuba, Ibaraki 305, Japan.

N-linked oligosaccharides of Saccharomyces cerevisiae contain
acidic oligosaccharides in which mannosylphosphate residues
are attached to the neutral oligosaccharides at both the man-
nose outer chain and ER core portions. Recently it was found
that the S. cerevisiae Aochl mnnl mutant, which produces the
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ER core form Man8GIcNAc2 lacking a mannose outer chain as
a neutral oligosaccharide, still contains acidic oligosaccharides,
in which mannosylphosphate is attached to the neutral Man-
8GIcNAc2 at the same position as N-acetylglucosaminylphos-
phate is attached to Man8GIcNAc2 in mammalian cells [1]. This
result suggests that §. cerevisige may have mannosylphosphate
transferases that show a similar substrate specificity to mamma-
lian N-acetylglucosaminylphosphate transferases. We analysed
these mannosylphosphate transferase activities using membrane
fraction from Aochl mnnl mutant cells as an enzyme source
and the pyradylaminated core oligosaccharide (Man8GIcNAc-
2PA) as an acceptor. The analysis of the reaction mixture by
HPLC showed two new peaks later than the Man8GIcNAc2PA
peak. Their retention times seemed to be identical to those
identified as mannosylphosphorylated Man8GIcNAc2PA. We
are now trying to purify these mannosylphosphate transferases.
We also analysed the O-linked oligosaccharide structure of
the S. cerevisige mnnl mutant and found the presence of
mannosylphosphorylated Man «1,2 Man «1,2 Man. This indic-
ated that S. cerevisige has a mannosylphosphate transferase that
transfers mannosylphosphate residue to Man «1,2 Man «1,2
Man. We are also trying to analyse this mannosylphosphate
transferase activity.
1. Nishikido et al.

S12

Structures of the Phosphorylated N-Linked
Oligosaccharides from the AochImnnl Mutant of
Saccharomyces cerevisiae

J. Nishikido!, A. Tanaka!, Y. Hashimoto! and Y. Jigami?

L Asahi Chemical Industry Co. Ltd, Fuji, Shizuoka 416, Japan.
2The National Institute of Bioscience and Human Technology,
Tukuba, Ibaraki 305, Japan.

The Aochlmnnl mutant predominantly accumulates a single
endoplasmic reticulum-form core oligosaccharide (Man8Glc-
NAc2) [1]. It is possible that this mutant also accumulates a
small amount of phosphorylated oligosaccharides which are
limited in yeast.

In this study, we investigated the presence of phosphorylated
oligosaccharides and their structures. N-linked oligosaccharides
released from cell surface mannoprotein obtained from this
mutant, were purified and their structures analysed after
pyridylamination. The structures of three acidic oligosac-
charides that mannosyl phosphate attached to the Man-
8GIcNAc2 were determined using matrix assisted laser desorp-
tion ionization time-of-flight mass spectrometry (MALDI-
TOFMS), exo-a-1,2-mannosidase digestion and 'H-NMR.

This work was performed as a part of the Research and
Development Projects of Industrial Science and Technology
Frontier Program supported by NEDO (New Energy and
Industrial Technology Development Organization).

1. Y. Nakanishi-Shindo et al. (1993) J Biol Chem 268:
26338-45.

S12

Purification to Homogeneity and Photoaffinity Labelling
of Trehalose-6-P Synthase from Mycobacterium
Smegmatis

Y. T. Pan, Richard R. Drake and Alan D. Elbein
Department of Biothemistry and Molecular Biology, University
of Arkansas for Medical Sciences, Little Rock, AR 72205, USA.
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We previously reported that the partially purified trehalose-6-P
synthase from Mycobacterium smegmatis could catalyse the
transfer of glucose from either UDP-glucose or GDP-glucose to
glucose-6-P to form trehalose-6-P and either UDP or GDP.
Those studies showed that when UDP-glucose was the glucosyl
donor, the synthase activity was greatly stimulated by the
addition of polyanions such as RNA or heparin to the incuba-
tion mixture. A heparin chain with at least 18 monosaccharides
was necessary for activation. However, when GDP-glucose was
used as the glucosyl donor, polyanions had only slight stimulat-
ory effects on the activity. Recently, we were able to purify this
enzyme to apparent homogeneity using a variety of standard
purification methods. The purified enzyme is still able to use
various nucleoside diphosphate glucoses (i.e. ADPG, CDPG,
GDPG, UDPG, TDPG) as glycosyl donors, depending on the
presence of polyanion activator. On SDS-PAGE, the purified
enzyme shows two protein bands of 61 and 59 kDa with the
61kDa band being the major component. Exposure of the
native protein to azido-UDP[*?P]-glucose resulted in the label-
ling of both proteins, and this labelling was inhibited by either
cold UDPG or GDPG. The data indicate that the active site
recognizes both UDPG and GDPC.
Supported by NIH HL-17783.

S12
Burkholderia (Pseudomonas) Solonacearum
Lipopolysaccharides: Structure-function Investigations

L. D. Verbanets and N. V. Moskalenko
Institute of Microbiology and Virology, National Academy of
Sciences of Ukraine, Kiev, Ukraine.

The scientific and practical interest in structure-function investi-
gations of lipopolysaccharides (LPS) - the component of
gram-negative bacteria outer membrane - arises from their
action on the immune system of the macroorganism. The ability
of LPS to stimulate the production of cytokines which are
essential in bacterial and viral infections is known. LPS were
isolated from cells of Burkholderia (Pseudomonas) Solona-
cearum by the phenol water procedure. The individual compo-
nents-O-specific polysaccharide (O-PS), core-oligosaccharides
(CO) and lipid A were obtained by mild acid degradation of
LPS. The data of C NMR spectra showed that O-PS had a
tetrasaccharide repeating unit:

— 3)-a-p-GlcNAc-(1 - 2)-a-1-Rha-(1 — 2)-o-1-Rha-
(1 - 3)-@-L-Rha-(1 -

LPS as well as O-PS and lipid A exert a pronounced effect on
tumour necrosis factor, interleukin-1 and y-interferon produc-
tion. We showed that the injection of LPS, O-PS and CO into
mice greatly reduced the volume and quantity of metastasis (70,
50 and 63% correspondingly).

S12

Promotion of Phagocytosis and Prevention of
Phagosome-lysosome (P-L) Fusion in Human Peripheral
Blood Monocytes by Serotype Specific Glycopeptidolipid
(GPL) Antigen of Mycobacterium avium Complex (MAC)

Y. Takegaki, J. Fukui, N. Fujiwara, H. Fujii, J. Matsuda, H.
Minami, S. Oka and I. Yano

Department of Bacteriology, Osaka City University Medical
School, Osaka, Japan.
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The Mycobacterium avium complex (MAC) is known to be one
of the most important opportunistic pathogens associated with
HIV infection (AIDS) and a typical intracellular parasite as well
as M. wberculosis. It is also characterized that M. avium
infection induces immunosuppression especially in cellular im-
munity of host animals, and specific serotype-subspecies such as
sero-4, -8 or -16 can frequently be isolated in human infection in
AIDS. Furthermore, the prognosis after infection differs by the
serotype, sero-4 shows heavy infection in general, while sero-16
shows rapid improvement. We have therefore, been interested
in the immunomodifying activity of surface glycopeptidolipid
(GPL) antigen. However, to date, no information has been
available on the virulent factor related to intracellular bacterial
killing. Recently we have tried to test the effect of various
GPLs purified from the MAC complex on phagocytic processes
of human peripheral blood monocytes (PBMC). We have used
GPL-coated heat-killed staphylococcal cells phagocytosed by
PBMC, and P-L fusion was estimated by the acridine orange
staining of fused vesicles and bacteria. As a result, serotype-4
GPL showed strong phagocytosis promotion and marked inhibi-
tion of P-L fusion, while serotype-16 GPL showed neither
promotion of phagocytosis, nor inhibition of P-L fusion in
phagocytic cells. Serotype-8 GPL showed stimulation of both
phagocytosis and P-L fusion, concomitantly. These effects may
be due to an unknown interaction between specific carbo-
hydrate chain and organella membranes, and serotype-4 GPL
may be one of the possible virulent factors in MAC infection in
human. Comparison with known possible virulent factors such
as cord factor, trehalose monomycolate or sulfolipids will be
reported.

s12
Expression of Mammalian Glycosyltransferases in the
Yeast S. cerevisiae

S. Yoshida, S. Yamano, M. Suzuki, M. N. Fukuda, Y. Jigami
and H. Sakai, M. Takeuchi and H. Ikenaga

Central Laboratory for Key Technology, Kirin Brewery Co.,
Ltd, Kanagawa 236, Japan.

Mammalian glycosyltransferases (such as GalT and GnT) and
yeast mammosyltransferases (OCHI1 and MNT1) are type II
membrane proteins, whose N-terminal cytoplasmic and mem-
brane spanning regions contain a Golgi retention signal (GRS).
It has been reported that the mammalian galactosyltransferase
(GalT) is retained in the ER, but not in the Golgi membranes,
when expressed in yeast. Therefore, we constructed and ex-
pressed the yeast/mammal chimeric gene (OCHI-GalT) and
studied whether the gene product localized in the Golgi
membranes. The OCH1-GalT protein resides mainly in the low
speed pellet (LSP), which contains vacuole, ER and plasma
membranes. The protein also localizes in the periplasm, sug-
gesting that the chimeric protein passes through the Golgi
membranes. Moreover, we expressed another glycosyltrans-
ferase (N-acetylglucosaminyltransferase I, GnT-I) in the yeast
and characterized the gene product. The GnT-I protein also
localizes in LSP. We are currently examining the localization of
GnT-I by using the AN-GnT-I which does not have GRS.

This work was performed as & part of the Research and
Development Projects of Industrial Science and Technology
Frontier Program supported by NEDO (New Energy and
Industrial Technology Development Organization).
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S12
Studies of Pseudomonas fluorescens Lipopolysaccharide

G. M. Zdorovenko, S. Veremeichenko and I. Ya. Zakharova
Institute of Microbiology and Virology, National Academy of
Sciences of Ukraine, Kiev, Ukraine.

The decisive role of lipopolysaccharides (LLPS) in gram-negative
bacteriaemia is generally known. This fact promotes investiga-
tions into these glycoconjugates. LPS was extracted from
Pseudomonas fluorescens IMV 1433 (biovar 1) cells. On mild
acid hydrolysis of LPS lipid A, core oligosaccharide and
O-specific polysaccharide (O-PS) fractions were obtained. Us-
ing GLC-MS and aminoacid analyser Cyy9, 3-OHCyq0, Cia.0,
2-OHC 3, 3-OHCy,, Cig fatty acids and GleN, EtN-P and
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some aminoacids were identified in the lipid A fraction. The
core contained Rha, Gal, Glc, KDO, GlcN, Ala and P. On the
basis of NMR-spectroscopy, GLC-MS, etc, the structure of the
O-PS chain was established as:

— 4)-a-L-QuiNAc-(1 — 3)--0-QuiNAc-(1 - 3)-a-p-
Fucd4NAc-(1 -

LPS and O-PS preparations were active in the tests with
homologous O-antiserum against microbial cells. Antioxidizing
(56.9%) and antiradical (79.2%) biological activities of LPS
were detected. The comparative studies on LPS, O-PS and core
fractions showed the relationship of both activities with the
O-PS part of the LPS macromolecule.

TUESDAY 22 AUGUST, MORNING

PLENARY LECTURES

$13. 8.00am
Glycopeptides as Oligosaccharide Mimics in
Carbohydrate-Protein Interactions

K. Bock and M. Meldal
Department of Chemistry, Carlsberg Laboratory, Gamle
Carlsberg Vej 10, DK-2500 Valby Copenhagen, Denmark.

The isolation, structural characterization and eventual subse-
quent synthesis of complex oligosaccharides, which are in
general responsible for important biological interactions are
individually a major research project which requires special
skills and expertize, particularly when sialic acid or other labile
residues are present in the parent structure.

We have successfully demonstrated that the much simpler
glycopeptides, which can be prepared by easy and fully auto-
mated solid-phase (glyco)peptide synthesis, can mimic the
above mentioned complex oligosaccharides in biological in vitro
assays. These results are most likely due to the similarity in the
3-D structure of the two types of compounds.

Our progress in evaluating such an approach in the prepara-
tion of such signal molecules i.e. potential inhibitors using
glycopeptides for the study of the interaction between the
mannose 6-phosphate receptor and phosphorylated high-man-
nose N-linked oligosaccharides or for selectin binding simulat-
ing sialyl Le> type oligosaccharides will be presented. Further-
more the future approach using (glyco)peptide libraries to
identify the active compounds will be discussed and evaluated.

The lecture will focus both on synthetic and conformational
aspects of the problem.

S14, 8.30am
Enzyme Replacement and Gene Therapy for Gaucher
Disease

Roscoe O. Brady
National Institutes of Health, Bethesda, Maryland 20892, USA.

Gaucher disease is the most prevalent inherited metabolic
storage disorder of humans. The condition is caused by
insufficient activity of the enzyme glucocerebrosidase. Studies
carried out in 1973 revealed that the intravenous injection of

purified human placental glucocerebrosidase caused a reduction
of the accumulated glucocerebroside in the liver and in the
blood of patients with the disorder. In order to carry out more
extensive clinical trials, two major obstacles had to be over-
come. First, it was necessary to develop a large-scale purifica-
tion procedure to obtain sufficient glucocerebrosidase for these
studies. Second, the enzyme had to be modified so that it was
targeted to tissue macrophages where glucocerebroside is
stored. The latter goal was accomplished by sequentially
treating glucocerebrosidase with exoglycosidases that cleaved
N-acetylneuraminic acid, galactose, and N-acetylglucosamine
residues producing mannose-terminal enzyme. This glycoform
of glucocerebrosidase is highly effective clinically. Patients with
Gaucher disease treated with this preparation show dramatic
improvement of anaemia and thrombocytopenia, reduction of
the size of the enlarged spleen and liver, and correction of
skeletal deterioration. We have recently completed pr