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The Role of Fucose in Learning and Memory:
The Identification of a Fucosylprotein, Synapsin I, in the Rat

Brain and the Characterization of Its Fucosylation

Abstract

Previous studies have shown that the glycoproteins containing the fucose moiety are
involved in ncuronal communication phenomena such as long-term potentiation and
memory formation.  These results imply that fucose containing glycoproteins might play
an important role in learning and memory.  To understand the role of fucose in neurcnal
communication, and the mechanisms by which fucosce may be involved in information
storage, the identification of {ucosylproteins 1s essential.  This report describes the
identification and characterization of fucosylproteins 1 the brain, which will provide new

insights mto the role of the fucose involved molecular mteractions.

Introduction

1. Fucose in Learning and Memory

Glycoconjugates mediate a variety of biological events including fertilization,
immune defense, viral replication, parasite infection, cell-cell adhesion, degradation of
biood clots and inflammation. " It has been demonstrated since the 1960s that various
carbohyvdrates and glycoconjugates are found in the central and peripheral nervous systent.
There 1s a growing body of evidences to suggest that carbohydrates are important in the

formation, maturation, and functional modulation of synapses, which is the fundamental



unit of the nervous system. 8.9 Carbohydrates are also implicated in the regulation of
synaptic plasticity, which is the permanent functional transformation that arises in a
particular system of neurons as a result of appropriate stimuli or their combination. '
Glycoconjugates are one of the major constituents of synaptic membranes, where they
impart specificity to the synapse and allow the communication between pre- and
post-synaptic neurons via the recognition and adhesion properties of their carbohydrate
moiety.'™

Experiments on the sugar L-fucose (Fuc)

{(Fig. 1) in the mammalian brain suggest that it
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might play a pivotal role in the neuronal processes
Figure 1. L-Fucose (L-Fuc)
of learning and memory.  Fucosylated
glycoproteins are enriched in the central nervous system and may account for as much as
Y - o - 13,14 - -
85% of the protein-bound sugars in the synaptic plasma membrane. ™ Formation of
. . . . . . 1 .
memory 1s accompanied by fucose incorporation into proteins. © Long-term potentiation
(LTP). which is an important clectrophysiological model for long-lasting information
storage, can be mduced in the hippocampal CAJ region of rat brain or chick brain afier

fucose administration.  Increases in ["H]-fucose incorporation into glycoproteins and

enhanced fucosyltransferase activity have been detected after LTP induction in the CA 1



region. The incorporation of L-fucose or the trisaccharide 2’-fucosyllactose

[Fuco(1-2)Gala(1-4)GIcNAc] has been shown to enhance LTP maintenance both in vivo
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and in vitre and to influence neurctransmitter release.

Studies have also implicated

that the disaccharide Fuca(1-2)Gal

(Figure 2) is involved in memory

. 8 \ .
formation.' ' 10’ Day-old chicks,
OH
having spontaneously pecked at a Fioure 2. Fucosea(1-2)galactose [Fuca(1-2)Gal]

small bright bead coated with a bitter-tasting substance, learn to avoid stimilar looking,
but dry beads subsequently.  Injection of 2-deoxy-2-D-galactose (2-dGal) to chicks 2
hours prior to or 2 hours after training causes reversible amnesia for this passive
avoidance task in chicks tested 24 hour after training.!’  2-dGal has been shown to

nhibit the fucosylation of proteins in the brain by competing with galactose for formation
of the a(1-2) linkage (Figure 3)."  In addition to inducing amnesia in animals, 2-dGal
has alse been shown to modulate communication on a celiular level,  Formnstance. the
specific inhibiton of fucosyviation at galactose residues with 2-dGal also prevents LTP
maintenance in the CAl region of rat hippocampal slices and in the dentate gyrus of
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freely moving rats.'® In addition, experiments conducted in our lab have shown
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Figure 3. The lack of a C-2 hydroxyl group of 2-deoxy-D-galactose (2-dGal)

prevents the a(1-2) glycosidic linkage formation with fucose

that treatment of hippocampal neurons with 2-dGal inhibits neurite outgrowth (Gama and
Hsich-Wilson, unpublished results).

These experimental results show that fucose might play a crucial role in leaming and
memory; however, the detailed mechanism of how fucose affects learning and memory

process is unknown and remains a great challenge.

2. Structural Patterns of Fucosylated Glycans

L-Fucose (G-deoxy-L-galactose) is an important monosaccharide component of

wy

many N- and (-linked glveans produced in a wide variety of organisms.  Fucose 1
characteristic in two structural features: the lack of a hydroxy!l group on the carbon at the

6-position and the L-configuration.” Through the improving methods in glycan



analysis, various fucose containing glycans have been analyzed and the knowledge about
the structural features of fucosylated glycans has increased.
Two features that often vary for fucosylated glycans are the number of fucose

moieties and the type of linkage of fucose. Fucose is frequently found as a terminal

modification of glycan structures. Normally, fucose is attached by an alpha linkage to
galactose (Gal) or to N-acetvlglucosamine (GlcNAc) (Table 1);* however, non-terminal
fucosc epitopes have also been shown.  For instance, in Schistosoma, a human parasite

o &

Table 1. Typical structures of fucosylated glycans

Name Structure
Lewis™; Le'; CD15 Galp(1-4)GIeNAc-
Fucafi-3)
Lewis'; Le¥ Fuca1-2)Galp(1-4)GleNAc-
Fuca(1-3)
Lewis"; Le® Galp(1-3)GleNAc-
Fucaf1-4}

» Fuca(1-2)GalB(I-3)GicNAc-
Lewis", Le” uea(I-2yGalP(1-3)GleNAc

Fuca(1-4)




that can generate many kinds of fucosylated glycans, several fucosylated glycans with
multifucosylated sequence such as Fuco(1-2)Fuca(1-3) or Fuco(1-2)Fuco(1-2)Fuca(1-3)
have been found, and a unique multifucosylated sequence:
Fuca(1-2)Fuca(1-[3GalNAcB(1-4)Fuco(l-2)Fuca(l-2)Fuco(1-3)GIcNAcB(1-3)Galo(1-]
has been identified on their O-glycans.”™*  Unusual O-linked fucosylation, in which
fucose is linked directly to the hydroxyl groups of serines or thereonines, has also been
known.”"  This kind of fucosvlation has been shown to oceur in epidermal growth factor
(EGTF)-like module on a few proteins, such as t(PA, plaminogen activators and blood
clotting fuctors.  Most of this kind of modification oceurs to a specific consensus
scquence C-2-X-G-G-T/S-C (X: any amino acid).  Bat, there are some cascs showing
that O-fucosylation does not match this sequence.” **  For instance, the Notch receptor
1s a transmembrane signaling

Table 2. Acceptors of fucosyltransferases
receptor that can initiate fringe

gene transcription by Name Structure

extracellular stimuli.  This

[SY

Type GalpB(1-3)GieNAc

receptor 1s modified by

Type 2 Galp(1-4)GleNAc¢
O-fucosylransferase (OFUT1),
Type 3 Galf(1-3)GalNAc

so that fucose is attached to a



serine or threonine within EGF domain, and it is found that the O-linked fucose is
required for Notch signaling process.27

Fucosylated glycans are synthesized by fucosyltransferases. Complete and partial
sequences of many fucosyltransferases originating from prokaryotes and eukaryotes, have
been determined. At this time, thirteen different fucosyltransferase genes have been
identified in the human genome,%' *" For instance, human a(1-2)-fucosyltransferases
are responsible for the transfer of fucose to the a(1-2)-linkage of a terminal residuc.
The H-type af1-2)-fucosyltransfcrases. an enzyme that 1s expressed {from the gene F/U/77,
1s found to prefer type 2 substrates (Table 2). while the Se-tvpe

o 1-2)-fucosyliransferases, another enzyme that is expressed from the gene FUT2, is

found to prefer type 1 and type 3 substrates.™ !

3. Approaches toward the Identification of Fucosylproteins in the Rat Hippocampus and
the Characterization of Its fucosylation
Little 1s knovwn about how fucose participates in neuronal communication and
svnaptic plasticity.  Based on the known mechanisn of other signaling pathways and
preliminary results from our group, we have postulated three models for the mechanism

of fucose mediated neuronal communications (Figure 4).
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Figure 4. Proposcd models for the mechanisms of fucose involvement in cell
connections.  Mechanism A: fucose moiety functions as a recognition ¢lement
and mediates protein-protein interactions.,  Mechanism B: fucose moiety serves
as @ targeting clement. regulating the trafficking of a glycoprotein to the synapse.
Mechanism C: fucose moicty mediates the neuronal connections intracelfularly.

In the first model (mechanism A), the fucose moiety serves as a “‘recognition
element” and can be recognized by a carbohydrate binding protein, known as a lectin.
Through this protein- protein interaction at the cell surface, certain intracellular signaling
cascades might be triggered, and neuronal communication can be achieved. In the

sccond model {mechanism B), the fucose moiety serves as a “targeting clement” that
signals can be directed from fucosviproteins 1o the synapse by certain celluiar events such
as protein folding or wafficking. and the epitope may perform a functional role in

neuronal communication.  Due to the complexity of the brain, it is possible that both

models exist simultaneously.  Finally, it is also possible that the fucosylproteins mediate



the modulation of neuronal connections from the inside of the cell, instead of at the cell
surface.

This research report describes our efforts toward the identification and
characterization of fucose bearing glycoproteins in the rat hippocampus.  In this pursuit,
several approaches have been employed, including one- and two-dimensional gel
electrophoresis, mass spectrometry, Western blotting, immunoprecipitation, chemical
deglycosylation, cnzymatic deglycosylation, lectin binding and radiolabeling.  Our

preliminary studics suggest that synapsin L a protein that is important for

Pandan

jay]

neurotransmitter release as well as neurite outgrowth, is a fucosyl glveoprotein.
Synapsin I is the first member of the synapsin family, which is known to be one of
the most abundant synaptic proteins.”>  We have demonstrated that synapsin I can be
recognized by fucosc-specific antibody and lectins.  We anticipate that identification of
fucosyl glveoproteins will help clucidate the role of the fucose moiety in neurons.

o

Moreover, these studies may provide new insights into the molecular mechanisms that

o

1‘egulam neuronal communication and memory formation,

Resulis and Discussion



1. Fucose Specific Antibody, A46-/B10
Monoclonal antibody, A46-B/B10, which is specific for
Fuca(1-2)Galp(1-4)GlecNAc and/or Fuco{1-2)Galp(1-4)GalNAc, was obtained as a
generous gift from Dr. Uwe Karsten (Max-Delbruck Centre for Molecular Medicine).
As described before, studies had shown that this antibody can be used as a probe for

" A - L . o 33.34
Fuco(1-2)Gal bearing proteins, and can cause amnesia in rats,””

The competition
test in our group shows that this antibody also can recognize L-fucaOEt and L-fucPOFEt,
but not the D-fucose derivatives (Kalovidouris and Hsich-Wilson, unpublished results).

We obtained ascites fluid of this antibody from Cocalico Biologicals (Reamstiown, PA ),

then purified the TgM antibody by using mannan-binding protein immobilized column.

2. Identification of Fucosyiproteins in the Rat Hippocampus

Previous work in our group investigated the expression of proteins containing fucose
epitope in embryonic (E18) and adult rat hippocampus by using the antibody A46-B/B10
to determine if the fucose epitope is present at synapse.  The hippocampus region of E18
and adult rat brain was dissected. dissolved and Jyvsed.  The lysate was resolved on
I-dimensional (1-D) SDS-PAGE gels.  All proteins on the gel were transferred onto
PVDF membrane, and immunoblotted with the primary antibody A46-B/B10. The

10



results indicate that several glycoproteins can be recognized by this antibody. In the
adult rat hippocampus, two major fucosylproteins of approximately 70kDa and 75kDa
were observed, as well as minor fucosylproteins of approximately 40kDa and 60kDa. In
the embryonic rat hippocampus, by using the antibody A46-B/B10, different
fucosylproteins, including two major fucosylproteins from the embryonic brain are
approximately 55kDa and 60kD, were detected.  These results suggest that the
expression of the fucose epitope and/or the expression of the fucose containing
alveoproteins is developmentally regulated.

To identfy fucosylproteins in the rat hippocampus, we used a proteomic approaches.
The hippocampal region from the adult rat brain was dissected, dissolved and lysed in a
buffer containing protease inhibitors.  The cellular lysates were resolved by 1-D or 2-D
SDS-PAGE gel.  For the 1-D gels, proteins were separated by molecule size under
denaturing conditions in the presence of SDS. For the 2-D gels, proteins were separated
by isoelectric focusing. in the first dimension, and by molecule size under denaturing
conditions in the second dimension.  Proteins resolved on the gels were stained using
Coomassie Brilliant Blue. or were Western blotted by transfer onto PVDF membrane.
followed by probing with the antibody A46-B/B10.  Then, we compared the Coomassie
Blue stained gel with the corresponding Western blot.  Several bands on the Coomassie

11



Blue stained gel corresponded to the bands on the Western blot, and were excised from
the gel.  After this treatiment, the excised bands were digested with trypsin, a protease
which cleaves the peptide bond at either lysine or arginine residues. The resulting
tryptic peptide mixtures were then analyzed by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS). 28

Using this procedure, we identified the major bands of approximately 70kDa and
75kDa from the Coomassic Blue stained gels as synapsin la and Ib. 11 peptides had
masses within 50 ppm of the predicted masses for (rypsin-digested synapsin | {rom the

INCBI database (Table 3).  These matching peptides provide 11.29% sequence coverage

Measured Masses Calculated Masses |Residues Amino Acid Sequences
7714974 771.4841 169177 RNGVKVVRS
816.4343 816.4402 413-421 KMTGALPRO
£32.4416 832.4351 413-421 Met-Ox KMTQALPRQ
8764217 §78.4372 326-337 RTSVSGNWKT
508.4891 908.4590 564564 pyroGlu ROAGPPQATRQ
946.4320 946.4205 186-195 pyroGluMel.Ox___|RQHAFSMARN
$51.4920 51,4648 554-564 pyroGiu ROASQAGPGPRT
965.4618 963.4471 186-195 Mel-Ox ROHAFSMARN
968.4832 966.4914 600-611 ROASQAGPGPRT
10074694 10014044 695-704 RKSFASLFGD

[ 1i87.6637 1187.7152 T76-187 RSLKPDFVLIRQ
Table 3. Synapsin I peptides identified {rom the MALDI-TOF peptide mass map

of the synapsin | sequence.
protein has the correct molecular weight

Ib). and pI value (9.8).

established by Jensen er «l, for the positive identification of proteins by MALDI-TOF

importantly, these results meet nearly all of the criteria

12

The peptides correspond to the correct species (rat), and the

(74%kDa for synapsin la and 70kDa for synapsin




analysis.*

In addition, we observed a third protein that migrated close to synapsin Ia and Ib of
approximately 80kDa, called N-ethylmaleimide-sensitive factor (NSF). 24 peptides had
masses within 50 ppm of the predicted masses for trypsin-digested NSF from the NCBI

database (Table 4). These matching peptides provide 29.7% sequence coverage of the

Measured Masses | Calculated Masses |Residues Amino Acid Sequences
573.3811 5733724 266-272 KTLLARQ
677.2547 677.3405 4-11 RTMQAARC
715.4395 715.4507 702-709 KVWIGIKK
750.4602 750.4336 728-735 KFLALMRE
766.4367 766.4286 728-735 Met-Ox KFLALMRE
779.4186 779.3908 581-588 KCQAMKKI
789.4878 788.56238 143-151 KLFGLLVKD
812.4583 812.4670 44-51 KYIFTLRT
830.4079 830.4161 509-517 KWGDPVTRV
871.4451 8714202 587-595 KIFDDAYKS
894.4840 894.5235 727-735 Met-Ox RKFLALMRE
903 4636 903.4900 469-478 KAESLQVTRG
913.4401 913.4420 225-233 KEFSDIFRR
9736684 973.€6046 639-649 KLLIGTTSRK
999.4333 999.4821 572-582 Met-Ox  IKMIGFSETAKC
1013.5810 1013.5566 271-281 PyroGlu_ |RQIGKMLNARE
1137.5080 1137.5540 293-304 KYVGESEANIRK
1142.6107 1142.6574 607-618 RLLDYVRIGPRF
1145.5678 1145.6166 187-199 KAENSSLNLIGKA
1207.5368 1207.5595 304-315 KLFADAEEEORR
1231.5816 1231.6244 150-162 KDIEAMDPSILKG
1291.6136 1291.6646 434-447 KNFSGAELEGLVRA
1294.6103 1294 6683 555-567 KIAEESNFPFIKI
1335.5678 1335.6116 27-39 KDYQSGQHVMVRT

Table 4. NSF peptides identified from the MALDI-TOF peptide mass map

el

N3F sequence.

(83kDa). and pi value (6.4,

ATPase that requires SNAP in order to bind to the SNARE complex.

The pepudes

NSF ts mvolved 1o svnaptic vesicle exocviosis.

correspond to the correct species (rat), molecular werght

hydrolysis by NSF, it helps the dissociation of the SNARE core complex.*’

13
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To further investigate whether synapsin Ia and Ib were fucosylated, the two proteins
were isolated from rat hippocampal lysates by immunoprecipitation®! and were probed
with the antibody A46-B/B10 and an anti-synapsin I antibody by Western blotting. The
Western blots show that synapsin Ia and Ib can be successfully immunoprecipitated, and
are recognized by the fucose-specific antibody A46-B/B10 (Figure 5). This data

strongly suggests that synapsin la and Ib are fucosylated.

A 3
12 1 2

. 105-

1o

—r 75 .

7o L e

Figure 5. Immunoprecipitation (IP) of synapsin I from adult rat hippocampal
lysates.  (A) Western blot of immunoprecipitated proteins probed with
anti-synapsin 1. (B) Western blot of immunoprecipitated proteins probed with
antibody A46-B/B10.  Upper band is synapsin la, lower band is synapsin Ib
Lane 1: control beads (IP without anti-synapsin 1).

Lane 2: IP beads (IP with anti-synapsin ).

To examine the fucosylation of NSE, the protein was isolated from rat hippocampal
Jvsates by immuneprecipitation and was probed with the antibodv 446-B/B10 and an

anti-NSE antibody by Western blotting.  The Western blots show that NSF can be

successfully immunoprecipitated, but cannot be recognized by the fucose-specific

14



antibody, A46-B/B10, confirming that NSF is not fucosylated (Figure 6).

75- . 75-

Figure 6. Immunoprecipitation (IP) of NSF from adult rat hippocampal lysates.
(A) Western blot of immunoprecipitated proteins probed with anti-NSF. (B)
Western blot of immunoprecipitated proteins probed with antibody A46-B/B10.
Lane 1: contol beads (IP without anti-NSF).

Lane 2: 1P beads (IP with anti-INSE)

3. Physiological Role and the Function of Synapsin 1

Synapsin I, the first member of the synapsin family, was discovered in 1972, This
family of proteins is one of the most sbundant of synaptic proteins, and comprised about
1% of the total protein content in the brain.  The synapsins are major substrates for
cyelic AMP (¢AMP)-dependent protein kinase and Ca “/calmodulin-dependent protein
kinase. Inaddition, they are expressed only in neurons and are specifically Jocated in
the presvrieptic terminal of the synapses.  The family 1s encoded by threc distinct gencs,
svnapsin L. I and 1, which. due 1o different mRNA splicing forms, generaic five known
synapsins, Ia, Ib, Ila, b and [lla”"  The difference between the a type and the b type

isoforms of the synapsins is restricted to the C-terminal region. The expression of the

15



synapsin isoforms among

r-synla
. . . r-synib
neurons varies 1n different ’

r-synila

r-syniib

. . h-synllia
regions of the brain. However, Y

distinct functions for the

Figure 7. Domain model of the synapsin family,
isoforms have not been including rat synapsin Ia (r-synla) and Ib

(r-svnlb), rat synapsin Ha (r-synlla) and [Ib
determined at this point. - The  (r_gyn11b), and human synapsin Illa (h-synllia).

Scale bar, amino acid residues.
primary structure of the
synapsins can be divided into several domains (Figure 7}, the most conscrved domains of
which are the A and C domains.  The A domain has been shown to control the
interaction of synapsin with vesicles via phosphorylation and de-phosphorylation, such
that nearly all phosphorylated synapsin I is found 1n the cytosol and non-phosphorylated
sypapsin } 1s associated with the vesicle membrane. The C domain has been suggested
{o have enzymatic capabilities due to its structural similarity to some ATP-dependent
synthetases. but this has not been confirmed. The E domain has been shown to be a
certain component for the a isoform of synapsins at the C-terminal region, ™™

The synapsin family 1s believed to be involved in neurotransmitier release and

neuronal development.  Synapsins are able to interact in a phosphorylation-dependent

manner with various cytoskeletal proteins, including actin (Figure 8).  Although the

16



= synapsin | /= cytoskeletal ® -:mal synaptic

meshwork vesicles ( SSVs )

Clustering

Figure 8. The model for
synapsins serving as a regulator
of neurotransmitter release.
Synapsins are believed to tether

synaptic vescles and cytoskeletal

Docking meshwork together in the nerve

e
\@ - F’rimingﬂ
& .

terminal

underlying mechanisms of synaptic vesicle cluster fermation are not completely

understood, previous studies have revealed that synapsing maintam the reserved pool of

o

vesicles by tethering synaptic vesicles to cach other and to the cytoskeletal meshwork. "™

45-4¢ . . - . .
" In addition, the synapsins arc also crucial for the formation of synaptic contacts,

- - 32,46 . :
neurite outgrowth and synaptogenesis.”™ ™ Abnormal synapse formation has been

observed in synapsin I knock-out mice, and retardation of synapse formation during the
initial phases of development has been shown in synapsin I, 11, and VI deficient cultured
hippocampal neurons. 1t is known that cach synapsin has a distinct role in the stages of
the elongation and differenuaton of axons and dendrites, while the mechanisms
underlymg synapsins-regulated neurite outgrowth remain unclear.  Experimental data

indicates that synapsin I and I have similar functions during the process of

neurotransmitter release and the formation of synaptic contacts, while synapsin l11 seems

17



, . . 45.
to have a different functional role in both processes.** 4

4. Characterization of the Fucosylation of Synapsin I

To establish that synapsin 1 is indeed fucosylated and identify the specific sites of
fucosylation on the synapsins, several approaches, including chemical and enzymatic
cleavage of the carbohydrate moicty, and radiolabeled fucose incorporation into

mammalian cell expressed synapsin la, were tried.

4.1 Enzymatic N-Deglycosylation

To mvestigate whether the fucose moiety 1s N- or O- linked to synapsin 1, we tried
N-deglycosylation by using both PNGascF and EndoHy, which are enzymes that cleave
carbobydrate moiety attached to asparagines via a N-linkage. The hippocampal region
of adult rat brain was dissected, dissolved and lysed in Jysis buffer containing protease
mhibitor.  The samples were treated with cither PNGasel or EndoHy.  The results from
both enzymatic cleavages indicate that fucosyl glycans are not cleaved by PNGaseF or
EndoHs (Figure 9}, Although the resistance of PNGaseF deglveosviaton of some

g ... . .
it 1s Interesting to note that the amino

. : 4
fucosylated glycoconjugates has been reported,

acid sequence analysis of synapsin Ia and Ib reveals only one consensus site for N-linked

18



glycosylation. These results imply that the fucose moiety is O-linked to the synapsin I

and further investigation has to be done.

A B
1 2 3 4 1 2 3 4
105- 105-
75- L
R 75 o et @ e

Figure 9. Enzvmatic N-deglycosylation of synapsin | from adult rat
hippocampal lysate.  (A) Western blot of proteins {rom lysate probed with
anti-synapsin L. (B) Western blot of protein from lysate probed with
antibody A46-B/B10.  Upper band 1s synapsin la and lower band 1s
synapsin b,

Lane 1: experiment of PNGascF N-deglycosylation (with PNGaseF).

Lane 2: control of PNGasceF N-deglycosylation (without PNGaseF).

Lane 3: experiment of Endo He N-deglycosylation (with Endo Hy).

Lane 4: control of Endo H N-deglycosylation (without Endo Hy).

4.2 Fucose-specific Lectin Binding Assay

Three fucose specific lectins were tested for the recognition of synapsin 1: TP,
UEA-T and AAA. TP is known to most strongly binding to Lewls’ epitope, UEA-]
binds favorably to H type 2 fucosylated glvean and AAA is binds favorably to Lewis® or
Fucu(1-6) terminal residue.™  The lectin binding test on 4 different types of proteins
was performed using the three different lectins. Synapsin I, glycosylated proteins

19



Lewis™-BSA (MW 66) as a positive control, and non-fucose containing protein CREB
(MW 43) and non-glycosylated protein BSA (MW 65) as negative controls. The
positive control Lewis”-BSA can be recognized by TP, but not by UEA-T and AAA. The
negative controls BSA and CREB can not be recognized by any of the three lectins.
Synapsin I can be recognized by TP and UEA-I, but not by AAA, the reason might be
due to that the fucosylated glycan pattern of synapsin I can not be recognized by AAA.

These results provide evidence that synapsin I s a fucosylated protein (Figure 10).

A B
12 3 4 o2 3 4

105-

105- e
5 |

75- o
50-

50-

Figure 10.  Western blot probed with lectins.

(A) Western blot probed with UEA-I. (B)Western blot probed with TP,
Lane 1: synapsin |

Lane 2: BSA (MW 65)

Lane 3: CREB (MW 43)

Lane 4: Lewis™~-BSA (MW 66)

4.3 Radiolabeled Fucose Incorporation

To examine whether the synapsin [ is fucosylated, radiolabeled fucose incorporation



was utilized in this pursuit.

Antibody G143, which can recognize synapsin la, Ib, Ila and 1Ib, and antibody G304,
which can recognize synapsin la, [la and Illa, were tested for the optimum concentration

of Western blotting and the specificities of synapsin isoforms.  Adult and embryonic rat

hippocampal lvsates were used as the sample sources.  The test shows that these two

antibodies are very specific to their antigens (Figure 1),

A B
75 ia 75- — la
&M\\ b ta
N C— la
lla
50" 1—‘—_|]b 50'

Figure 11.  (A)Western blot of synapsins from adult hippocammpal
lysate probed with G143; (B)yWestern blot of synapsins from

cmbryo hippocampal lysate probed with G304,

Different mammalian cell systems, including HEK293, HeLa and CHO cells, and
different transfection methods, including calcium phosphate precipitation method and
lipid-mediated transfection method, were performed to test the expression of synapsin la
For the calcium phosphate precipitation method, HEK 293 cells were first used to test the
optimum pH value of HEPES-buffered saline solution (HeBS) for calcium phosphate

precipitation since the optimum pH range for this method is extremely narrow (between



7.05 and 7.12).”°  Transfected cells were lysed in lysis buffer and resolved on
SDS-PAGE gel. Proteins on the gel were then transferred onto PVDF membrane, and
the membrane was probed with A46-B/B10 or an anti-synapsin [ antibody (Chemicon).
In order to confirm that the expressed protein is synapsin la, immunoprecipitation
was conducted after successful transfection of synapsin la in HEK293 cells.”’  Synapsin
la was expressed in HEK 293 cells through calcium phosphate precipitation, and
immunoprecipitated by anti-synapsin I (Chemicon).  The Western blot of
immunoprecipitation probed with anti-synapsin I shows that synapsin la from HER 293
can be immunoprecipitated by anti-synapsin 1. and the Western blot probed with
A46-B/B10 shows that the expressed synapsin fa from HEK 293 is fucosylated (Figure

12).

Figure 12.  Immunoprecipitation (IP) of synapsin la from expressed from HEK 293
cells, which were transfected by using calcium phosphate precipitation method.
Synapsin la was immunoeprecipitated with anu-synapsin L

(A} Western blot of immunoprecipitated protein probed with antibody anti-svnapsin
(B)Western blot of immunoprecipitated protein probed with A46-B/B10.

Lane 1: IP beads (IP with anti-synapsin 1).

Lane 2: control beads (IP without anti-synapsin I).



After the confirmation that synapsin la can be expressed in mammalian cell system,

4 Cells were incubated

we conducted radiolabeled fucose incorporation experiments.”'™
with L-[5,6-"H]fucose followed by transfection and immunoprecipitation. Although the
radiolabeled fucose has been incorporated into the cell system, the autoradiography
revealed only low level of radiolabeled fucose incorporation, which suggests that the
signal from radiolabeled synapsin fa might be too weak to be detected. There are at least
two possible reasons for the unsuccessful incorporation.  The first reason might be duc
to the lack of appropriate fucosyltransicrase in HEK 293 cell system.  To test this
possibility, we (1) used different mammalian cell lines, including HeLa and CHO cells;

e

and (2) co-transfected synapsin la with fucosyltransferase plasmids.,  The caicium
phosphate precipitation method did not work well in HeLa and CHO cell system.  The
meffective transfection might be due to the unmodified transfection conditions.

Calcium phosphate precipitaton method is finicky since this method is sensitive to many
parameters including pH and cell line type.™  In order to use these two different cell
iines. we had to use a different transfection method.  So, lipid-mediated transfection was
chosen for the expression in Hela and CHO cell system (Figure 13).  Fucosyliransferase
plasmids, FUTT and FUT? (kindly provided by Dr. Lowe),”™ " were also co-transfected
to increase the extent of fucosylation of synapsin la (Figure 14). The blot probed with
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Figure 13. Synapsin la expressed by using Lipofectamine 2000 (Invitrogen)
mediated transfection method. The Western blot is probed with TP.

Lane 1: CHO, transfected with plasmid (4 pg synapsin la + 4 ug pcDNA3.1).
Lane 2: CHO, transfected with plasmid (8 ng synapsin la).

Lane 3: HelL a, transfected with plasmid (4 pg synapsin la + 4 ug pcDNA3.1).

Lane 4: Hel g, transfected with plasmid (8 pg synapsin la).

-
]
w
I~

Figure 14. Synapsin [a expressed by using Lipofectamine 2000 (Invitrogen) mediated
transfection method.  The Western blot 1s probed with TP,

Lane 1: HEK 293, transfected with plasnud (4 pg synapsin la + 4 ug pcDINA31).

Lane 2: HEK 293, transfected with plasmid (4 pg synapsin la + 4 ug FUT 1).

Lane 3: HEK 293, transfected with plasmid (4 pg synapsin la + 4 ug FUT 2).

Lane 4: HEK 293, transfected with plasmid (8 pg synapsin Ia).

fectin TP shows that the expressed synapsin la is fucosylated; however, the blot probed
with G304 indicates that lipid-mediated transfection efficiency is quite low.  Another
test of the blot probed with G143 shows much stronger signals of the expressed synapsin
a (Figure 15): however, the molecular weight of the expressed svnapsin la s lower than
the correct molecular weight of synapsin fa. A possible implication of this result 1 that

the expressed synapsin Ia might be truncated in the end since G304 can recognize the
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epitope closed to C-terminal domain, while G143 can recognize the epitope closed to the
N-terminal domain, or the expressed synapsin la was degraded due to unclear reasons.
We believe that HeLa and CHO cells are both possible alternative for transfection system.

We can further pursue the radiolabeling studies using these cells.

Figure 15, Synapsin la expressed by CHO cells using Lipofectamine 2000
mediated transfection method and by HEK293 cells using calcium phosphate
precipitation method.  Western blot wus probed with G143,

Lanc 11 synapsin § from adult hippocample cell lysate.  The upper band 1s
synapsin la and the lower band is synapsin Ib.

Lane 2: CHO, transfected with plasmid (16 png pcDNA3.1).

Lane 3: CHO, transfected with plasmid (&8 pg synapsin la + 8ug pcDNA3. 1)
Lanc 4: CHO, transfected with plasmid (8 pg synapsin la + spg FUT 2)
Lane 5: HEK 293, wransfected with plasmid (10 pg pcDNA3. ).

Lane 6: HEK 293, transfected with plasmid (5 ng synapsin la + Sug pcDNA3. 1)
Lane 7: HEK 293, transfected with plasmid (5 pug synapsin la + Sug FUT 1)
Lane 8: HEK 293, transfected with plasmid (5 nug synapsin la + Sug FUT 2)

A second possible reason for this unsuccessful incorporation might be due to the
nature of fucose metabolism pathway.  Two pathways have been demonstrated for the
synthesis of GDP-fucose in the cytosol of all mammalian cells: the de novo pathway and

the salvage pathway. The de novo pathway transforms GDP-mannose to GDP-fucose
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via enzymatic reactions, and the salvage pathway synthesizes GDP-fucose from
extracellular or lysosomal free fucose. Quantitative studies of fucose metabolism in
HeLa cells indicate that greater than 90% of GDP-fucose is derived from the de novo
pathway, even in cells incubated with radiolabeled fucose.”™ *®  These results imply that
the incorporation of fucose in the media should be quite low.  To resolve this problem,

the suppression of the de novo pathway can be conducted.

4.4 Chemical Deglycosvaltion

Trifluoromethancsulfonic acid (TFMS) was employed for chemical deglycosylations,
but unsuccessful because of serious degradation of the proteins of lysate samples.msg
We also attempted deglycosylation of lysate samples using the ECL glycoprotein
detection kit, which uses sodium metaperiodate to oxidize carbohydrate to form
aldehydes, which are selectively labeled with biotin-conjugated hydrazine.  Our

preliminary results of periodate cleavage were promising, and thus this method can be

pursued further.

4.5 Enzymatic Deglycosyaltion by Fucosidase
Attempted deglycosylation of lysate samples with a(1-2) fucosidase (Calbiochem)
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was performed, but was also unsuccessful, and the reason might be due to other factors
existed in lysate sample that can cause the degradation of the enzyme, or the fucosidase

is inaccessible to cleave the glycan on the intact protein because of the wrapping of
glycans by the folding synapsin 1. To circumvent this potential problem, mass
analysis of the fucosidase treatment of purified synapsin I resolved on SDS-PAGE gel
was conducted. Protein bands were excised.  The in-gel trypsin digestion of excised
protcin samples was conducted and the tryptic digestion peptides were further treated
with o(1-2, 3, 4, 6)-fucosidase.  Samples, mcluding before fucosidase treatment and
afler fucosidase treatment, were then analyzed by matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS).  The control
mass spectrum of synapsin Ib trypsin digests treated without fucosidase 1s given in Figure
16A, and the mass spectrum of synapsin Ib trypsin digests treated with fucosidase is
given in Figure 16B.  The spectrum was submitted to the database, and the protein was
confirmed by scarching databascs with lists of known tryptic peptide masses generated by

mass specira. he results from 5 independent experiments show that there 1s no evident
missing peak or newly gencrated peak after fucosidase weatment.  This mdicates the
cleavage of fucose from synapsin I was not successful.

There are at least two possibilities.  First, it is possible that this type of fucosidase,
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which is more specific to a.(1-6) linkage, might not work well in our system; second, the
abundance of fucosylation of synapsin I might be too low to be detected; third, the
fucosylated peptide fragments may not be detectable due to 1on suppression effects or the
size of the fragmentation.  Other types of fucosidase can be tried, and the future efforts
can shift toward the analysis of fucosylated synapsin I fragment instead of using synapsin
[ To test the first possibility, we can use different fucosidases to perform this
experiment.  To test the second possibility, the Jevel of fucosylated synapsin 1 can be

mcreased using methods such as fectin affinity column, to pull down the fucosylated
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Figure 16. MALDI-TOF mass spectrum of peptides of obtained from trypsin
digested synapsin b, major synapsin 1b peaks labeled with asterisk on the top of
the peak.

(A) Trypsin digest of synapsin Ib treated without a.(1-2, 3, 4, 6)-fucosidase.

(B) Trypsin digest of synapsin Ib treated with a(1-2, 3, 4, 6)-fucosidase.
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synapsin I protein or peptides, and then perform MALDI-TOF experiment.



Experimental Section

General. Unless otherwise stated, chemicals were purchased from commercially
available sources; molecular biology reagents were purchased from Fisher (Fairlawn, NJ),
and were used as received.  Protease inhibitors were purchased from Roche
{Indianapolis, IN) and Aldrich (ST.Louis, MO). Absorbance spectra were performed on
a Uvikon Spectrophotometer 930.  Purified synapsin I from bovine brain and plasmid of
rat synapsin la were a generous gift from Dr. Porton (Laboratory of Molecular and
Cellular Neuroscience, The Rockfeller University, New York, NY). Antibody
A46-B/B10, which is specific for fucose residue, was a generous gift from Dr. Uwe
Karsten (Max-Delbruck Centre for Molecular Medicine, Germany).  Antibody
anti-synapsin I was purchased from Chemicon (Temecula, CA).  Antibody anti-synapsin
G143, which can recognize synapsin la, Ib, ITa and 1Ib, and ant-synapsin G304, which
can recognize synapsin Ja, Ha and Ila, were generous gifis from Dr. Porton (Laboratory
of Molecular and Cellular Neuroscience. The Rockfeller University. New York, NY .

The expression plasmid of synapsin Ia was kindly provided by Dr. Porton (Laboratory of
Molecular and Cellular Neuroscience, The Rockfeller University, New York, N3y}, The
expression plasmid of the human H-type blood group w(1.2)-fucosyluransferase (FUTT)
and human Se-type blood group a(1,2)-fucosyltransferase (FU72) were kindly provided
by Dr. Lowe (Howard Hughes Medical Institute, University of Michigan, Ann Habor,

MI).  The plasmid pcDNA3.1 was used {for mock transfection.

Preparation of Antibody A46-B/B10.  A46-B/B10 containing ascites fluid was obtained
from Cocalico Biologicals (Reamstown, PA), and purified the 1¢gM antibody by using
manpan-binding protein (MBP) immobilized column (Picree) according to the

mstructions {rom manufacturer.

Adult Rar Hippocampal Dissection.  100g male Sprague-Dawley rats were purchased
from Charles River Laboratories (Kingston, Mass) and housed at the California Instituie
of Technology Laboratory Animal Facilities.  Rats were anesthesize with carbon dioxide
for & minutes and immediately cuthanized by decapitation with a guillotine (Kent
Scientific Co.)  All veterinary care, treatment. and euthanasia procedures were
conducted according to guidelines set forth by Caltech’s Institution Animal Care and Use
Committee (IACUC). The brain was promptly removed and placed onice. The

hippocampus was quickly dissected, lysed in lysis buffer [0.2% sodium deoxycholate;
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150 mM NaCl; 50 mM Tris; 1% NP-40 (pH 8.0)] supplemented with protease inhibitors
(aprotinin, 20 pg/ml; leupeptin, 20 ng/ml; antipain, 20 pg/ml; chymostatin, 5 pg/ml;
pepstatin, 5 pg/ml; PMSF, 1 mmol), homogenized with glass Dounce homogenizer, and
sonicated. The homogenized solution was then centrifuged at 12,000 rpm for 10 min,
the supernatant was removed and considered hippocampal lysates. Protein
concentration of hippocampal lysates was determined using the BCA Protein Assay

(Pierce).

SDS-PAGE Electrophoresis.  For one-dimension SDS-polyacrylamide gel
clectrophoresis (SDS-PAGE), loading dye containing 1‘educing agent dithiothreitol (DTT)
was added to each sample.  Each sample solution was boiled for 2 min, and then cooled
to room temperature.  One-dimensional SDS-PAGE was performed using standard
methods on the Amersham system. 9% acrylamide gels were used in all experiments.
Gels were stained with 0.2% Coomassie Brilliant Blue R250 in 50% methanol in water
containing 5% acctic acid for 30 min, then destained overnight with the same solvent,
excluding the dve.  For two-dimension SDS-PAGE, each sample was mixed with 2D-gel
solution (7 M urea; 2 M thiourea; 4% CHAPS: 0.5% ampholyte). Each sample was
loaded into 1soclectric focusing (1IEF) gel-strip (Amersham) and the electrophoresis was
nerformed using IPGphor IEF system (Amersham).  Gel-strip was then loaded on the
top of the second dimension SDS gel, and proteins were separated using standard

methods on the Amersham system as for 1-D gel electrophoresis.

Western Blotting,  Proteins on SDS gels were transferred onto PVDF membranes
(Millipore) for at Jeast 12 hr in transfer buffer [20 mM Tris-HCI; 120 mM glycme; 20%
methanol (pH 8.6)] using standard methods on Amersham blot transfer system.  The
blotted membranes were reacted with the fucose specific antibody, A46-B/B10, using the
following protocol: first, membranes were blocked for Thr with sodium periodate treated
BSA and rinsed with TBST [50 mM Tris-HCl; 150 mM NaCl; 0.1% Tween-20 (pH 7.4)].
and then incubated with 0.3 pg/ml antibody A46-B/B10 generated from ascites fluids

TBST overmghtat 4 C with rocking.  Immunoreactivity was visualized by incubation

with ¢ horseradish perosudase conjugated goat anti-mouse antibody (Pierce, Rockiord.
Iy Western blot membranes probed with antibody anti-synapsin | (\Chcmicon}.«

G143 and G304 were blocked with 5% non-fat milk in TBST and rinsed with 6.25%

non-fat milk in TBST. Membranes were incubated with antibody anti-synapsin I, G143
or G304 in TBST for 1 hr at room temperature with rocking. Immunoreactivity was

visualized by incubation with a horseradish peroxidase conjugated goat anti-rabbit
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antibody (Pierce, Rockford, IL).

Lectin TP, Tetragonolobus purpureas or Lotus tetragonolobus, labeled with horseradish
peroxidase, was purchased from Sigma (St.Louis, MO). AAA, Anguila anguila
agglutinin, and UEA-1, Ulex europacus, labeled with horseradish peroxidase, were
purchased from EY Laboratories (San Mateo, CA). For TP blots, membranes were
blocked with 5% non-fat milk in TBST and rinsed with 0.25% non-fat milk in TBST, and
then mecubated with 1.0 pg/ml lectin in TP lectin solution, which was prepared according
to the manufacturer (Sigma), overnight at 4°C with rocking. For AAA and UEA-I,
membranes were blocked for Thr with sodium periodate treated BSA and rinsed with
TBST, and then incubated with 1.0 ug/ml lectin in TBST overnight at 4°C  with rocking.
Blots were visualized by chemiluminescence using SuperSignal West Pico

Chemituminescent Substrate (Pierce, Rockford, JL) on ECL film (Amersham).

In-Gel Digestion of Proteins.  Protein bands (for 1-D gel electrophoresis) or spots (for

2D

cl clccﬂ‘(‘;phoxm)ls, were excised from the gel, destained and shrunk by dehydration
in acctonitrile.  Gel pieces were reduced in 10 mM dithiotheritol solution, alloyiated with
50 mM 1odoacetamide solution, and incubated with 12.5 pg/ml trypsin in 50 mM
ammonium bicarbonate solution at least 12 hrat 37°C.  The trypsin digested peptide
mixture was extracted using 5% formic acid in 50% acetonitrile, dried down to the

volume less than 30 pl, and then purified through C18 reverse phase chromatography.

MALDI-TOF MS.  Peptide samples were mixed with the matrix, 2,5-dihydroxybenzoic
acid {DHB), and deposited onio the surface of stainless steel sumple plate by fast
ovaporation of the solvent.  MALDI mass spectra were performed on a Voyager
DE-PRO matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS, Applied Biosystems). lon signals produced by trypsin autodigestion
peptides, which were present in all peptide mass spectra, were used for internal mass
calibration standard.  Peptide mass errors were within 50 ppm.  Protcins were

dentified by searching databases with lists of known tryptic peptide masses generated by

mass spectra. - The software, Protein Prospector, was used to query protein nonredundant

sequence databases maintained and updated by Nauvonal Center for Biotechnology

Information (NCBI, Bethesda, MD).

Immunoprecipitation.  Cell lysate samples in lysis buffer were precleared with a 50%

protein A-agarose bead slurry in lysis buffer for 2 hr with rocking at 4C. The
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anti-synapsin G304, which is specific for synapsin Ia, Ila and IlIa, or the rabbit
polycolonal anti-synapsin I from Chemicon (Temecula, CA), which is specific for
synapsin I (mixture of synapsin la and Ib), was pre-incubated with 50% protein
A-agarose bead slurry in lysis buffer [0.2% deoxycholate, 50 mM Tris, 150 mM NaCl,
1% NP-40 (pH 8.0), supplemented with protease inhibitors] with rocking at 4°C for 2 hr.
Then the antibody-immobilized protein A-agarose beads were gathered by centrifugating
at 7,000 x g for 5 min.  Precleared lysates were mixed with the antibody-immobilized
protein A-agarose beads and incubated with rocking at 4°C  for another 3 hr.  After
incubation, synapsin on the antibody-immobilized protein A-agarose bead was isolated
by centrifugation at 7,000 x g for 5 min, washed three times with lysis buffer, and then
once with 10 mM Tris buffer (pH 7.4). then dissolved in SDPS gel loading dye and boiled
for 2 min.  Proteins were resolved by 9% SDS gel.  The proteins on the gel were
transferred onto PVDF membranc, and then probed with the primary antibody

A46-B/B10 or the anti-synapsin.

Chemical Deglyveosviaiion.  For trifluoromethanesulfonic acid (TFMS) deglycosylation,
proteins from hippocampal lysates were precipitated by mixing with a 15%
trichloroacetic acid (TCA) solution, then centrifugation, and the pellet was isolated.  The
pellet was transferred into a reaction vial, and TFMS was added to the reaction vial urnider
nitrogen at 0'C.  The reaction was incubated for 2 hr with stirring.  After incubation,
the reaction mixture was cool down to -20°C in a dry ice-cthanol bath, and then was
neutralized by the gradual addition of 60% pyridine in water.  The neutralized solution
was dialyzed in 0.01% ammonium bicarbonate (pI4 7.3) at 4°C and lyvophilized. Dried

sample was dissolved in SDS gel loading dye and boiled for 2 min.

For sodium metaperiodate deglvcosylation, the lysate samples were diluted in 200 mM

acetate buffer {(pH 5.5), and all procedures were performed according to the instructions

of the ECL glycoprotein detection kit (Amersham).

Enzvmatic Deglveosviaiion.  For PNGaseF deglyceosylation. Tysate samples were Tvsed
in denaturing sotution (0.3% SDS; 1% -mercaptoethanol), boiled for 10min. and then
cooled to room temperature.  Deglycosvlation was performed according to the
instructions of the manufacturer (New England Biolabs). PNGaseF was added, and the
reaction mixture was incubated at 37°C for 18 hr.  The reaction was terminated by

adding SDS gel loading dye.



For Endo H; deglycosylation, lysate samples were lysed in denaturing solution (0.5%
SDS; 1% B-mercaptoethanol), boiled for 10 min, then cooled to room temperature.
Deglycosylation was performed according to the instructions of the manufacturer (New
England Biolabs). Endo Hy was added, and the reaction mixture was incubated at 37°C

for 18 hr.  The reaction was terminated by adding SDS gel loading dye.

For o(1-2) fucosidase deglycosylation experiment, lysate samples were lysed in
denaturing buffer [0.4% SDS; 0.2 M B-mercaptoethanol; 200 mM sodium phosphate (pH
5.0)], boiled for 5 min, then cooled to room temperature. Hydrolysis of fucose was
performed according to the instructions of the manufacturer (Calbiochem). 5 mU «a(1-2)
Fucosidase from Xanthomonas sp. was added, and the reaction mixture was incubated at

37C for 18 hr.  The reaction was terminated by adding SDS gel loading dve.

For a(1-2, 3, 4, 6) {ucosidase deglycosylation experiment, lysate samples or trypsin
digested peptide samples, were incubated with 20 mU of1-2, 3, 4. 6) fucosidasc from
bovine kidney (Prozyme, San Leandre, CAY at 37°C for 24 hr. After fucosidase
treatiment, trypsin digested samples were further purified through C18 reverse phasc
chromatography, dried down, and dissolved in 0.1% TFA solution.  Samples were

purificd through C1¥ reverse phuse chromatography again.

Cell Culture.  HEK293 and Hela cells were cultured and maintained in Dulbecco’s
modified Eagle media (DMEM) purchased from Gibco (Carlsbad, CA), supplemented
with 10% fetal bovine serum (Gibeo, Carlsbad, CA) and 1% penicillin-streptomycin
(Gibco, Carlsbad, CA).  CHO cells were grown in Ham’s F12 media purchased from
Fisher (Fairlawn, NI), supplemented with 10% fetal bovine serum and 1%
penicitlin-streptomycin.  All cell cultures were incubated in cither 60 mm or 100mm

dishes, at 37°C in a humidified atmosphere (95%) and 5% CO; incubator for 2 or 3 days.

Transfeciion.  Cells were wransiently transfected with plasmids using different
transfection methods including caletum phosphate precipitation method and
lipid-mediated transfection methods.  For the calcium phosphate nrecipitation
wransfection method, cells were grown to 70% confluence.  The cxpression plasmid was
resuspended in CaCls solution and then transferred dropwise to HEPES-buffered saline
solution (HeBS, pH 7.06) to form a calcium phosphate precipitate. The calcium
phosphate precipitate was layered directly onto cells and the cells were incubated at 37°C.

After 6 hr incubation, the cell media was replaced by fresh media. Cells were incubated
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and harvested at the desired confluence point. For the lipid-mediated transfection
method, cells were transfected using Lipofectamine Plus (Invitrogen, Carlsbad, CA) or
Lipofectamine 2000 (Invitrogen, Carlsbad, CA). Cells were incubated without
antibiotics to 90% confluence. The lipid reagent and the expression plasmid were
diluted in media without serum and antibiotics respectively. The two parts were then
combined and incubated at room temperature for several minutes to allow the plasmid
and lipid reagent complex form. The complex was layered directly onto cells.  Cells
were then incubated at 37°C to the 6 hr, and the cell media was removed and was
replaced by fresh media devoid of antibiotics.  Cells were incubated and harvested at the

desired confluence point.

Ruadiolabeling.  Cells were incubated 1o the 50% confluence in 10 mm dishes, and
transfected with the expression plasmid.  After 6 hr incubation at 37°C. the cell media
was removed and replaced with 7 ml fresh media containing 20 uCi/mi of

L-5.6-"H [fucose (specific activity 60 Ci/mmol, American Radiolabeled Chemicals, St.

Louis. MO).  The cells were incubated at 37 C and harvested at the desired time point.

Preparation of Cell Lysaies.  Cell lysates were prepared from confluent cells.  Cells
were collected and washed with media and then suspended in lysis buffer [0.2%
deoxycholate, 50 mM Tris, 150 mM NaCl, 1% NP-40 (pH 8.0), supplemented with
protease inhibitors] with the volume 2.5 times the cell pellet weight.  The lysed cells
were sonicated and then centrifuged at 12,000 rpm for 10 min at 4 C to remove the
nuclei and cell debris.  The supernatant was then scparated.  The protein concentration
was assaved using the BCA Protein Assay Kit (Pierce, Rockford, IL) with bovine serum

albumin standards.

Auwtoradiography.  Protein gels were stained with Coomassic blue dye and then
destained. The destained gels were incubated in Amplify (Amersham. Piscataway, NJ)
for 30 min and washed with 2% glvcerol solution for 5 min.  Autoradiography wes
performed using Kodalk MP films.  Protein gels were placed under the film and

incubated at -80°C .
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