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«-Synuclein, a presynaptic protein of the central
nervous system, has been implicated in the synaptic
events such as neuronal plasticity during development
and learning, and neuronal degeneration under
pathological conditions. As an effort to understand the
biological function of a-synuclein, we examined the
expression patterns ofa-synuclein in various human
hematopoietic cells, and inDrosophila at different
developmental stages. The a-synuclein was
ubiquitously expressed in all the tested hematopoietic
cells including T cells, B cells, NK cells, and monocytes,
as well as in the lymphoma cell lines, Jurkat and K562.
A potential a-synuclein homologue was also expressed
in Drosophila, and its expression appeared to be
temporally and spatially regulated during development.
Our data suggest thata-synuclein may function in
invertebrates as well as in vertebrates and its function
may not be restricted to the neuron.
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Introduction

o-Synuclein, also known as the precursor protein of th
non-AB component of Alzheimer’'s disease amyloid

(NACP), is a presynaptic protein of unknown function

composed of 140 amino acid residues (lwhial, 1995;
Jakeset al, 1994; Uedat al, 1993). Synuclein was first
identified in electric fish (Maroteaurt al, 1988), and

subsequently identified in rat (Maroteaux and Scheller

1991; Shibayama-lmazet al, 1993; Tobeet al, 1992),
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bovine (Nakajoet al, 1990; 1993), human (Jakes al,
1994; Uedeet al, 1993), and canary bird (George al,
1995). The synuclein protein has a sequence that has been
highly conserved among birds, fish, and mammals.
Synuclein is expressed primarily in the nervous system,
where it is concentrated in presynaptic nerve terminals
(Irizarry et al, 1996; lwaiet al, 1995; Jakest al, 1994;
Uedaet al, 1993). However, it is also expressed in other
tissues including the heart, skeletal muscle, pancreas, and
placenta, though less abundantly than in the brain (&kes
al.,, 1994; Uedaet al, 1993; 1994). The physiological
function of a-synuclein is not clear, but the predominant
localization of the protein at presynaptic nerve terminals
(Irizarry et al, 1996; lwaiet al, 1995; Jakest al, 1994;
Uedaet al, 1993) suggests that it may play a critical role
in synaptic events, such as neuronal plasticity during
development (Witherst al, 1997) and learning (Georgé

al., 1995), and degeneration of nerve terminals under
pathological conditions in Alzheimer’s disease (Broeks
al.,, 1994; Uedaet al, 1993) and Parkinson’s disease
(Polymeropouloset al, 1997; Spillantiniet al, 1998).

To better understand the biological function af
synuclein, we examined the expression patterns-of
synuclein in various human hematopoietic cells, and in an
invertebrate system, Drosophila at different
developmental stages. We demonstrate here dhat
synuclein is ubiquitously expressed in hematopoietic cells
including T cells, B cells, NK cells, and monocytes, as well
as in the lymphoma cell lines, Jurkat and K562. We also
show that a potentiat-synuclein homologue is expressed
in Drosophila and the expression of the protein appears to

be differentially regulated during development.

Abbreviations: NACP, non-f component of Alzheimer’s
disease; NK cells, natural killer cells; PBMC, peripheral blood
mononuclear cell.
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rabbit IgG antibody (Amersham, Buckinghamshire, England) and
ECL substrate (Amersham).

Separation of T cells, B cells, NK cells, and monocytes from

PBMCs Peripheral blood mononuclear cells (PBMCs) were Temporal and spatial expression patterns oDrosophila a-
purified by Ficoll-Hypaque (Pharmacia, Uppsala, Sweden)synuclein The embryos fixed with formaldehyde/glutaraldehyde
density gradient centrifugation from 5 ml of heparinized were rehydrated with BBT (PBS containing 0.1% Tween-20,
peripheral blood donated by a healthy volunteer. T cells, B cellsp.1% BSA) and blocked with BBS (BBT containing 2% serum)
NK cells, and monocytes were isolated from PBMCs by for 40 min. Then they were washed with BBT and incubated with
immunomagnetic beads (Dynal, Great Neck, NY). Briefly, purified antie-synuclein antibody overnight at@. The embryos
PBMCs were washed and resuspended in RPMI 1640were again washed with BBT and blocked with BBS. They were
supplemented with 1% fetal bovine serum at a concentration oincubated with biotinylated secondary antibody (ABC kit, Vector
2-3 x 10° cells/ml. Positive selection for monocytes was Laboratories, CA) for 2 h at room temperature, then washed with
performed by incubating PBMCs with anti-CD14 PBT (PBS containing 0.1% Tween-20). They were then incubated
immunomagnetic beads for 30 min &C4on a rotating shaker. with the A + B mix (Mector Laboratory) for 1 h at room
The unbound cells were then incubated with anti-CD3temperature, and washed with PBT. Finally, the embryos were
immunomagnetic beads for T cell separation. Subsequently, Btained by incubating in peroxidase substrate solution containing
cells were separated from the unbound cells with anti-CD19DAB (DAB 0.5 mg/ml, 0.015% KD, in PBT) and mounted with
immunomagnetic beads. In the remaining cells, characterizatiofPermount (Fisher, PA).

of the surface marker was performed by flow cytometry analysis.

More than 90% of these cells were CDBD16" or

CD3 CD56", and these cells were considered as NK cells.  Results and Discussion

Materials and Methods

RT-PCR analysis Total RNA was isolated from purified TO investigate the expression ofsynuclein andp-
hematopoietic cells by acid guanidium isothiocyanate-phenol-synuclein in hematopoietic cells, RT-PCR was carried out
chloroform extraction. The first strand cDNA was synthesized byusing cDNAs obtained from pheripheral blood
using 1-5pg of RNA, 0.1 O.D. unit of random hexamer mononuclear cells (PBMCs). Two pairs of oligonucleotide
(Pharmacia, Uppsala, Sweden), and 600 units of MLV reversgyimers were designed to amplify the N- and C-terminal
transcriptase (Gibco BRL, Gaithersburg, MD) in a total VOIumeparts of a-synuclein (Fig. 1A). RT-PCR analysis
of 100pl. The reaction mixture was incubated for 1 h &ictand demonstrated that significant amounts w&ynuclein

used for PCR. The N-terminal part @fsynuclein (307 bp) was MRNA was present in PBMCs. Similar RT-PCR analysis

amplified by PCR using Bl of cDNA andTaq DNA polymerase . . . . o
with the primer set, N1 and C1, and the C-terminal pau-of was carried out fof-synuclein withf3-synuclein-specific

synuclein (179 bp) was amplified with the primer set, N2 and c20ligonucleotide primers, but the amplification ¢
(Fig. 1A). The complete protein-coding region @fsynuclein ~ Synuclein cDNA was not observed (Fig. 1B), suggesting
(445 bp) was also amplified by PCR using N1 and c2that the-synuclein was not expressed in PBMCs. We next
oligonucleotide primers. Similar primer sets were designed andnvestigated the cell type expression afsynuclein in
used for the amplification of-synuclein cDNA, and the hematopoietic cells. PBMCs were further fractionated into
sequences of the primers were GCCAGGATGGACGT-T cells, B cells, NK cells, and monocytes, and RT-PCR
GTTCATG (BN1), GGCTGCTGCGATGTTCCCTGCPLL),  analysis was performed using cDNAs obtained from these
GCCTCACATCTGGGAGGAGCT @N2), and CCCCTA-  cg||s. Figure 2 shows that-synuclein mRNA is

CGCCTCTGGCTCATA RC2), respectively. ubiquitously expressed in all the tested hematopoietic cells

purificati . . . including T cells, B cells, NK cells, and monocytes.
urification and antibody production of a-synuclein a- - .

Synuclein was overexpressed B coli and the recombinant However, _B-_synucleln was not detecFed in any of the
protein was purified as previously described (Jakeal, 1094: ~ hematopoietic cells by RT-PCR analysis (data not shown).
Kim, 1997; Paiket al, 1997). Polyclonal antibody was raised These results suggest that the expressiors-sfnuclein
against the purified recombinant protein. Brieftysynuclein ~ and B-synuclein are differentially regulated in human
(500 pg) was mixed at a 1:1 ratio with Freund’s complete tissues.

adjuvant (Sigma, Saint Louis, MO) and used to immunize a white  We also investigated whethersynuclein protein was
Dutch rabbit. A booster injection was given three weeks after tthxpressed in hematopoietic cells. Western blot analysis
primary immunization using 25g of protein mixed at a 1:1  wjth polyclonal antibody against the recombinant
_ra_tio yvith Freunc_l’s incomplete adjuygnt (Sigma). Another bOOStersynuclein revealed that two major protein bands (37 kDa
|njgct|(|)n Wa§| gﬂven afterkar; additional three weeks, and theand 19 kDa) were strongly reactive to the antibody
animal was bled two weeks later. (Fig. 3A). The 37 kDa protein is an unidentified protein

Western blot analysis Cell lysates were resolved on 12% SDS Wh'Ch_'S cross-reactive against aatsynuclein antlbo_d|es
acrylamide gels, and the proteins were transferred onto PvDRKHashimotoet al, 1997; Uedeet al, 1993). Bacterially
membranes. Western blot analysis was performed with the€Xpressedi-synuclein protein almost co-migrated with the
polyclonal antie-synuclein antibody. The blots were developed 19 kDa protein. The slight difference in mobility may
using secondary horseradish peroxidase-conjugated sheep aniidicate thabi-synuclein is posttranslationally modified in



Eui Cheol Shiret al. 67

A B
N1 c1 a-synuclein B-synuclein
1—> <+ 307 | 0T ]
N & NN Ny 2\ &N
| S HLELPL LT
> P M & & FS & & L& LY
266 444
N2 C2
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C1: TGCTCCCTCCACTGTCTICTG 500 bp—»
N2 : ACGGGTGTGACAGCAGTAGCC 200 bp—>

C2 : AGATATTTCTTAGGCTTCAGG

Fig. 1.a-Synuclein primer sets and RT-PCR analy&isa-synuclein primer sets for RT-PCR. Primer set N1/C1 amplifies the N-terminal
part (307 bp), N2/C2 amplifies the C-terminal part (179 bp), and N1/C2 amplifies whole cDiNAyoiiclein (445 bp). Similar primer
sets were used f@-synuclein as described in Materials and Meth&&xpression ofi- andp-synuclein in PBMCs. RT-PCR analysis
shows thati-synuclein is expressed in PBMCs, IBusynuclein is not. Recombinant DNAs @f andp-synuclein were used as positive

controls.

NI/C1 N2/C2 N1/C2 PBMCs, as has been observed in brain cells (Jekas,

ﬁ?“ 1994). In addition, previous works have shown that
§ (& o° :f d»év
é’

synuclein runs slightly faster thgdsynuclein on SDS-
PAGE (Jakeset al, 1994). Taken together, these results
indicate that the 19 kDa protein éssynuclein. In some
PBMCs, the alternatively spliced form of-synuclein
(NACP112 composed of 112 amino acids, 14 kDa) was
also detected (Fig. 3A, PBMC4). Thesynuclein was also
detected in two leukemia cell lines, Jurkat and K562 (Fig.
3B). Expression ofa-synuclein in K562 cells has
previously been described (Hashimatbal.,, 1997).

Using the antie-synuclein antibody, we found that a 19
Fig. 2. Ubiquitous expression afi-synuclein in immune cells. kDa protein is also present in adult bodies and embryos of
RT-PCR analysis shows thatsynuclein is expressed in T cells, Drosophila (Fig. 3C). Interestingly, the band intensity of
B cells, NK cells, and monocytes. As described in Fig. 1, primerthe 19 kDa protein was weaker in embryos, suggesting that
set N1/C1 amplifies the N-terminal part, N2/C2 amplifies the C-the expression of the protein is developmentally regulated.
terminal part, and N1/C2 amplifies whole cDNA of synuclein. This was further supported by the fact that the potential
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Fig. 3. Western blot analysis af-synuclein. About 20Qug of total cell proteins were loaded into each lane, angi@.df recombinant
a-synuclein was used as a positive contfolWestern blot analysis indicates tlhiesynuclein (19 kDa) is expressed in PBMCs. The
37 kDa band represents a unidentified protein which is cross-reactive againssgntielein antibodies (Hashimo#t al, 1997; Ueda
et al, 1993).B. Expression ofi-synuclein in the lymphoma cell lines, Jurkat and K8B2A potentiala-synuclein homologue (19 kDa)
is also expressed Drosophila The 14 kDa band inA) and C) may represent an alternative splicing fornuedynuclein (NACP112)

composed of the N-terminal 112 amino acids.
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Control Synuclein

Fig. 4. Temporal and spatial expression patternBrosophilasynuclein homologueControl embryos were initially treated with bovine

serum albumin and allowed to bind biotin-labelled secondary antibody. Embryos marked with synuclein were immunostained by
treatment with primary synuclein antibody and biotin-labelled secondary antibody. Panels: 1, embryos at stage 2; 2, embryos at stage
5; 3, embryos at stage 7; 4, embryos at stage 10; and 5, embryos at stage 13. (Stages are determined according to Campos-Ortega
Hartenstein, 1985).
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NACP112 homologue (an alternatively spliced formoef  products or immunostaining of proteins obtained from a
synuclein, 14 kDa) was only detected Drosophila blood sample. Further, we showed that thaynuclein
embryos, but not in adult bodies (Fig. 3C). It is intriguing homologue is expressed iDrosophilag and that the

to note that NACP112 is only found in fetal tissues, whileexpression of the protein appears to be temporally and
the full-lengtha-synuclein was found in all human tissues spatially regulated during development. The protein was
examined (Uedeaet al, 1994). Similar phenomena have ubiquitously expressed in embryos at early stages of
been observed in a rat and canary bird. The expression oevelopment, while it was highly expressed in brain and
a synuclein homologue in a rat, phosphoneuroprotein 14erve cord of embryos at later stages. Taken together, our
(PNP14), increased during the first month of the neonatatflata suggest that-synuclein may function in
period (Shibayama-lmazat al, 1993), and the canary invertebrates, as well as in vertebrates, and that the
homologue, synelfin, was locally upregulated in the songunction may not be restricted to the neuron. Particularly,
control circuit during a critical period for song learning the presence of the-synuclein homologue ibrosophila
(Georgeet al, 1995). In addition, Hashimotet al (1997)  will provide better opportunities for investigating the
reported that the expression af-synuclein in a biological function of the protein through transgenic or
megacaryocyte-platelet system is differentially regulatedknock-out studies.

during megacaryocyte differentiation.
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staining of the embryos showed that the synuclein wa
expressed across the whole embryo in early stage Brookes, A. J. and Clair, D. S. (1994) Synuclein proteins and
embryos (Fig. 4, panel 1) and showed the highest level of Alzheimer’s diseaseTrends inNeurc_)sci.17, 404-405. _
expression during development. At stage 5, synuclein wa§ampos-Ortega, J. A. and Hartenstein V. (1983 Embryonic

Devel t of D hil I t&pri Verl
expressed evenly across the embryo but at somewhat lower Bsxﬁfpmen of Drosophila melanogast&pringer Verlag,

level (Fig. 4, panel 2). At stage 7, synuclein was expressedeorge, J. M., Jin, H., Woods, W. S., and Clayton, D. F. (1995)
higher at the anterior (cephalic furrow) and posterior 30% Characterization of a novel protein regulated during the

region than in other parts of the embryo (Fig. 4, panel 3). critical period for song learning in the Zebra findleuron15,

At stage 10, the procephalon and dorsal regions showed ﬁaﬁgiln:gtz)z'M Yoshimoto. M. Sisk. A Hsu L. J. Sundsmo

higher expression of syn_uclein particularly at a region M., Kittel, A., Saitoh, T., Miller, A., and Masliah, E. (1997)

around clypeolabrum (Fig. 4, panel 4). At stage 13, NACP, a synaptic protein involved in Alzheimer’s disease, is
synuclein showed higher expression in the procephalon differentially regulated during Megakaryocyte differentiation.
and ventral nerve cord regions (Fig. 4, panel 5). In Biochem. Biophys. Res. Commag7, 611-616.

summary, the protein was expressed ubiquitously anérlzarry, M. C., Kim, T. W., McNamara, M., Tanzi, R. E., George,

. . . M., Clayton, D. F., and Hyman, B. T. (1996)
higher at early stages but the expression level decreased atsp 4 acterization of the precursor protein of the ndh-A

later stages. As well, the protein was expressed slightly component of senile plaques (NACP) in the human central
higher at the central nerve system (brain and nerve cord) in nervous systeml. Neuropathol. Exp. Neuroh5, 889-895.

the later stages, which is in line with its function in the Iwai, A., Masliah, E., Yoshimoto, M., Ge, N., Flanagan, L.,
central nerve system. Rohan del Silva, A., and Saitoh, T. (1995) The precursor

In thi ¢ h d that lein i d protein of non-A component of Alzheimer’s disease amyloid
n this report, we showe aesynuciein IS expresse is a presynaptic protein of the central nervous sysieuaron

in hematopoietic cells including T cells, B cells, NK cells, 14 467-475.

and monocytes, as well as in the lymphoma cell linesjJakes, R., Spillantini, M. G., and Goedert, M. (1994)
Jurkat and K562, suggesting that-synuclein is Identification of two distinct synucleins from human brain.
ubiquitously expressed in hematopoietic cells. The _FEBS Lett.343 27-32.

biquit . ofi lein in h t ieti Kim, J. (1997) Evidence that the precursor protein of nfin-A
ublqurtous expression ofi-synucléin in hematopoletic component of Alzheimer’s disease amyloid (NACP) has an

cells could make it possible to design a diagnostic method extended structure primarily composed of random-ddal.
for neurodegenerative diseases associated with the protein, Cells 7, 78-83.
and could make it convenient for detecting a geneticMaroteaux L. and Scheller, R. H. (1991) The rat brain synucleins;

; ; ; family of proteins transiently associated with neuronal
change in this protein. For example, the Ala to Ser change membranesMol. Brain Res.11, 335343,

in familial Parkinsonism (Polymeropoules al, 1997) o \jaroteaux, L., Campanelli, J. T., and Scheller, R. H. (1988)
abnormally processed forms @fsynuclein protein can be Synuclein: a neuron-specific protein localized to the nucleus
easily detected by DNA sequence analysis of RT-PCR and presynaptic nerve termindl. Neurosci.8, 2804—2815.
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