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NeuSAcE endogenous acceptord] @3 CMP-NeuSAcipoly-a2, 8 sialosyl sialyltransferase (polyST)& BAFATY. polySTE
20mM MOPS (pH 7.0), 20TCelA 33 £4& vebdth 10 mM Mg*& B d-3oo] A71ad polySTe] B4-L 2.7 F718tid.
polySTE E3 EH-79 gangliosided] GD3o] EA LS FAT 4 AUt 09 2 ZA @ Abo] )&= ganglioside?}
A7 AdA A A w7t ks AL 5] polyST7} endogenous acceptors} gangliosided] Z-2)A|gAM-S FA T
HEAE 4 AUt T2 GD3E exogenous acceptor2 AME-319 F23A4 o) EA 8= polySTY) 843-& 2A% A3} mesenchyme E
w7] e 2 @40 F238) Frhsta dul7] dol o) ek A wdA Wl polySTe] 40| 2AE TG AL 7]
wof dojvhe A2y 23 Abolo] dojite Mstel 27] B spicule 4 o]F F2F 715¢ BT Y& 7H5Ad0) A
ABSTRACT : The polysialic acid (polySia) glycotope covalently modifies Cell surface glycoconjugates on cells as evolutionarily di-
verse as microbes and human. The recent chemical identification of polysialylated glycoproteins in the jelly coat and on the cell sur-
face of the sea urchin egg raises important questions about their biosynthesis and possible fuqction. Using CMP-[14C]NeuSAc as
substrate and cell free preparations from eggs and embryos of the sea urchin Stronglylcentrotus nudus, we have identified a mem-
brane associated CMP-Neu5Ac:poly-a2, 8 sialosyl sialyltransferase (polyST) that transfers Neu5Ac to an endogenous acceptor. Opti-
mal conditions for the polyST activity were found to be 20C in 20 mM MOPS buffer (pH 7.0). The polyST activity was increased 2.
7 times by the addition of 10 mM Mg?*. The membrane-associated polyST also catalyzed the polysialylation of mammalian
ganglioside GD3. Given that no structurally similar natural polysialylated gangliosides have been described, nor were observed in the
present study, we conclude that a single polyST activity catalyzes sialylation of the endogenous acceptor and the gangliosides. Using
an excess of GD3J as an exogenous acceptor, it was established that the expression of the polyST in S. nudus embryos increased rap-
idly at the mesenchyme blastula stage and reached at maximum at the gastrula stage. The finding that this polyST in the sea urchin
embryo is developmentally regulated raises the possibility that it may play a role in the changing cell and tissue interactions that oc-
cur during gastrulation and the early stages of spicule formation. »
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Z)A LA (polysialic acid)}& AlY@AAL (sialic acid,

M B Sia)9] FFA ot TPAFARL AAAN EAsE 40

of 7kA] ol el Al¢AA F T A 7HA ALPBALR o

o] ¥R 1979 #IeEAEAwe] TuaA FTUKRF 97-001- Fo]A Slt}. N-acetylneuramic acid (NeuSAc), N-glycolyl-
D00353)e] #3tef A7 2. neuraminic acid (Neu5Gc) FE+  3-deoxy-D-glycerol-D-
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galacto-2-nonulosonic acid (KDN)o] ¢]&¢1d] a2,8-, a2,9-,
EE a2,8-/a2,9-ketosidic AAZ o] Fo]] gl Egrto|d
FAleE MAEERE A7 o277tA e BEY
HE F-o] EAste Z2FFAEd T/ 28H A2 &
A CAS FH L AR wd F R} A AR A7
o] ¥l 9L v (reveiwed in Troy, 1995). & &
of QI7k9] Ao} Hu G AT Escherichia coli K13+
Neisseria meningitidis serogroup B¥ 2,802 944 Z
ALAY fHEg 2 YT AL uiE o] Fo| AAA )
FaA dhe AR U Rolth. AAA AT Alde EeA
4R Aed JFH oY RO FUT a2,8-27
A|&d4to] peural cell adhesion molecules (N-CAM’s)2)
N-linked &2 2@Ar&ol GAHo gk Zlo] weiRon
(Finne, 1982) o8 o] AlFE0] Weite] 732 &)
ARBARA] AEE F e 7HE o8 & dA IR vt
E o] AlgEe #5794 5Y% £42 849 Je Ao
% 0179 AN E FEA Gl HALAE (poly-
sialoglycoproteins) ©}7]4]+= O-linked &8 ZGAIE ] £
Algsto] dA = o] 2t} (Inoue & Iwasaki, 1978). 7] A]
ddsto] dAH N-CAM'sE t]$ 028 EFEA o)A
< A X7 Aol o) F 5& AT £ TH A7k
2] W] AWELE oncodevelopmental antigeno]th
(reviewed in Troy, 1995). 28 3}dd, La)A|gelae B
AEE, ABRET, FFd, AXga wgs Fopo oy
Z88 AP Z&o] FAst gl

AE NEENE T E FE F 7P B e & (phylum)
o &8t} (Varki, 1992). AA7F A8 ¢ &3t o]¢= A
o] w7t R ste] YA St Gojue #EtE e En|
AE 53 FF 7testn g, wAFA (microinjection)S
AREEtY] ZYA GRS AT F Qe A e A
FANL AAT F e L FE& A5 in vivo AA
FAAEYY 75 AT Bolsty) wojh 4Ag
AollE Alg@sto] ufe- @o] E3FH ] ). o3 AL
FYAGAL fEY Folgte gdd 220 T AA
o] A2 g A5ehAQ Wyo g ale & 43 55
o AT NeusGes a2,5-37 0} ¥ 5 9 tHKitazume, et
al, 1994). 4A dA A TAE « 2,52 949 EYA LA
A& 207 Ao AgANoE T glon A A}
9] A% 9] egg sperm receptor (Kitazume et al., 1996),
a2 A9 97 (shell) (Karamanos et al., 1996)9 A =
SARRNY, 5 DA Lytechinus pictus®] It vl o 2,
8-polysialyltransferase (polyST)7} )&t WA ©A o) b

243} 44

g 2Fd = Aol B3R (Cho et al., 1996).

£ dFdMe o 7B 9 A9 ZHE Ad 4AE
AHEEte] W) HRA] EEA ALY 75 g gorriat &
Aok o] ATE H3 4 J1x G FYTH S £
AT BAL A A AR g § dot A, §34
XA Strongylocentrotus nudus®) WO = L. pictuse] Bjj oA
o} p7EA 2 polySTS] EA40] SAH A gotir] Y&
Ao, 4, 4o A8 polySTY EA& ZAlete
AT, AR, polySTY] &Aje] HAGAER 2HAHEA Yo}
HE A7 5ol

Az 3 uhy

1. Al A
ZEE FERA JA & FF FAF FR wFLIA 52

2371 (S. nudus)& A she] AHE-sFH T

2. AZ A AJF

Artificial sea water (Instant Ocean)e Aquarium System
(Mentor, OH, USA) A &< F+Y3t}. CMP-[1*C]-Neu5Ac
(10.5 GBg/mmol)¥ Amersham Life Science (Buckingham-
shire, England) A%< Y&t Cold CMP-NeuSAcE
Boehringer Mannheim (Indianapolis, IN, USA) A && 79
3lth. Endo-N& KIFdA #elgte] A28t (Hallen-
beck et al., 1987). Ganglioside mixture:= Calbiochem (La
Jolla, CA, USA) A && A3t} BCA protein assay re-
agent¥= Pierce (Rockford, IL, USA) A &< 7Yt}

3. A6y uH gk

Gametes= 0.5 M KCI& AAld 398 AJ AA ]
+ Heifetz9} Lennarz (1979)¢] wpio 2 njok3igc).
PolySTe} #/4& A78t7] A 2z SATAERE 948
2late] (3,000 g for 5 min) A< W& FHIRZL AA
)] B39} 7k <kl 50 mM MOPS, pH 7.0, PICI buffer
(1pg leupeptin, 2 xg antipain, 10 g benzamidineg 1 ml
aprotinin®l] =<1 R)& A7tete] —70Cq] 4= Bk
PolySTe] €4 A4S sl 27] $ul7] 9 W& AR&3hct.

4. Membrane-associated a 2,8-polysialyltransferase. &
Hi

¥E BAHo QW A9 wWj& =9 3 Branson Son-
ifier Cell Disruptor 185 (microtip; setting 4; 10 4 4 ¥)&
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A3} sonicationd &3 DNase I 10 £7} 0CollA] wt
SAIZL F 12,000x goll A 10 £7F 44T A4S
ThA] 240,000 X gl Al 1 A7+ 21294828l 94L& 1A
E-& MOPS/PIC 1 ¢%895 A7l8t5a (P2) BCA &4
A AF 9L A3 gAY ks EA 55

5. @ 2,8-polysialyltransferase assay

MOPS/PIC1°} ¥ polyST incubation mixture Z43-&
20 3 membrane protein 140 ug, sialidase inhibitor 2 ug
(2,3-dehydro-2-deoxy-N-acetylneuraminic acid) L&, 8
nmol CMP-[*4C]-NeuSAc (20.8125 dpm/pmol)7} ¥ 5=
5 BIAL W 20T 20 AT T AYAAT S
o] By B 10y B E2 U g, g aliquotells E84]
GAY e HYHLE F3E 5 & Endo-N 0.02 UE
sz UelA aliquotel]e T3 #3498 A9
31CelA 4 A7 B AR of F 7R A EE What-
man 3MM chromatography paper (Maidstone, England)ol]
spotting®r THS, 95% ethanolst 1 M ammonium acet-
ate (pH 7.5)7} 7 : 39] Hj&& EolSle &Aool 1947 &
<t AMAIZTE. spottingd origindl] Folgle WALSHE &
Z3te] Endo-Ng A3k &2 A Ad Ao A&
A4tststh. Endo-Ng Alg@ste] HAag ol 7] ol
AF YA GUMTE AAY = U= ELE Endo-Ng
Al 3tA] ¥ AL monosialyltransferase] 23+ monosial-
ylations} polySTe] ¢]3t polysialylationg RF EF3le
total sialylation®] %% Vel o], Endo-N& X8 A
€ monosialylation®] %-& YERd A4, Endo-N& &
Ay & T i s AU 23 T A
7] W&ol A G Fo] AAET A SHHUS
RAo 2 At ¥} (Hallenbeck ct al., 1987).

6. Exogenous acceptor GD30l 2|8t polysialyltransferase
2o &

P2 2 mg, sialidase inhibitor (2,3-dehydro-2-deoxy-N-
acetylneuraminic acid) 40 pg, MgCl, 4 zmol, CMP-[*+C]
NeuSAc (17 dpm/pmol) 160 nmol, GD3 200 pug& & H3|7}
400 pl7} §E2 50 mM MOPS/PICL (pH 7.0) $&=g4¢
YAt v g 20T A WHEAIZL F, 0 AIZE 0.5 Al ZH 1
AZ4 2 AZE 4 AZE, T A7, 13 Al 242 50 WlE 3
sl 25 W Endo-N 0.02 UL AHelshz, 25 i
MOPS/PICI buffer2 A2t &, 37ColA 3 AT 5 ik-&
A7t} o] 7k 10 pl= Whatman 3MM papere] spotting
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33 oA AFe 2e WP O 2 paper chromatographyE
3t polySTEA & 4392, UrA 15 uls SDS-PAGE
(4~20 %) AU dzFes A9 ¥ &4
GD3& Wl b3 gdg 72 o2 AP st ARt

7. S. nudus a 2,8-polysialyltransferaseQ| 2HA CHA &t
A ZAL

S. nudus « 2,8-polysialyltransferase?] Tdo] dAGAE
2 ZAHEAE gotrI] Al egg, EHj7], early mesen-
chyme X471, 7] QHi7], 571 dui7l, 7] @), 28
3 prism stage®] Wj & AFESFA polyST E4HE A 7|&
3 Wb os uhE3, exogenous acceptor® 7]%2 3%
GD3E EFaAY XfsA Fe weEAE wE
polySTS] &4& Z43S5itt. o] 482 AsiA P2 400 pg,
sialidase inhibitor 5 ug, X 20 nmol®] CMP-[14C]
NeuSAc (17 dpm/pmol), MgCl, 0.5 mol, 223 0.025 %
Triton-CF545 343 50 ul MOPS/PICI $&89-8& |
L, GD3 75 pgd ZHzhe] W&ol Hsapgivt. of w
SAHE 20 A7+ ¥hEAZl F, paper chromatography$}
SDS-PAGE (420 %) #)3tod polySTe] BA4L =AFsH
Atk

2 5

1. « 2,8-polyST2| &l 9|X| ol

a 2,8-polyST] A& LobH 7] SfeiA M X o SAfst
& (cell-free) el 7] Wi ¢} F2E1 A WA FZF Su-l) 2
2%, Su-lg 29488 (ultracentrifugation)ste] 471 T
WA 4 (Su-2)3 F A ddl (P2)9 Fo] 4=
(specific activity)® A 23}, Table 14AAH F WA
Hl o)X 94 %9 polySTY] FA =7} 3 5-go] FEHYTH
o|& Z3) polySTS} acceptory el AL & = U
.

2.  2,8-polyST2| 4 ZAt

a 2,8-polyST] A== MOPSS} HEPES ¥ 714 g3
4ol 2 20 mM MOPS pH 7.0914 7}3 E9tt} (Fig 1A).
g 1A 24 o] (metal cation) & a 2,8-polySTY] &
Axe] 2% J8E 3= AL Mg o] 2224 10 mM
d i Mg B S uHE A2 Yeyd (Fig 1B
1C). T8 10 mM3+ 20 mM EDTAS X< wo)x
polySTS] #Ado] & Fg vAA %= AL E Hol opuie
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Table 1. Polysialyltransferase activity in various prep-
aration

Specific Total specific Percent

activity® activity recovery
Supernatant-1% 121 113,027 100
Supernatant-2) 10 6,760 6
Pellet-2@ 893 106,267 94

@ pmol[ 14C ]NeuSAc incorporated /mg protein /hr

®) cell-free crude extract of gastrula stage embryos

© resulting supernatant and

@ pellet after ultracentrifugation of Su-1 at 240,000x g for 1 hr

grEA] aFekAE e A Ao
o8 7k L= F 549 &

£ 20CoN g (Fig. 1D).

polyST= metal cation
(Fig. 1B). Wr-g9 &
BE7t 7 EA e

Ko

E

w417
e

3. Exogenous acceptor GD30{| 2|8t polysialyltransferase

M EX
polySTS] &4jo] ¥A PAEE 2dHE A&

98k o] AbF ¢l ¥

T &8t

ZAME}7]
.2 polyST2 endogenous acceptorg <
uk-3-2.oho| H7}ate] acceptor7} E3}E

=]
olEL
=232

A

40
35
30 1
25 1
20 1
15
10

Specific Activity
(pmol/mg/hr)

7.5 8.0

pH

6.5 7.0

(pmol/mg/hr)

Specific Activity

MgCl, (mM)

AGH -

wgA) - 239 PCER R

Aejeln 2Abshe Aotk zEu, AAIY WEFE en-
dogenous acceptorg & EE3te AL ol E& 49 4
A w7t 9osteg AR BelM A E7Hsd Wil
t}. L. pictus®] polyST+ ﬂﬂ I FFY gangliosided 1&
] exogenous acceptorZ. 9143} sialic acidg Ttel] 23
A BFAEY] polysialylation AlE 2% 91t} (Cho et al,
1996). 2H =2, S. nudus®] polySTE EH57F
GD3& exogenous acceptorZ AHE-& 4= QIt}H, GD3E en-
dogenous acceptort Al A& 4= §1-& Aot} o] & ZA
&7] 948 early 23ul712] polySTE ARE-3le ganglioside
GD37t 243 AY EA8A %v HeEYE THEY] en-
dogenous acceptor$} exogenous acceptore] thdk polyST9
kineticsE ZAMSFIT. S. nudus?] polyST= EHF
ioside GD3& exogenous acceptorZ Al&-3te] A9 5 e
g4 YAt} (Fig. 2A). S. nudus polyST 9A] L.
pictusol| A ¢} v}R7FA 2 38 kDa endogenous acceptor
g o] polysialylation A1 4 AR TH (Fig. 2B). E 3 ex-
ogenous acceptor GD3%. S. nudus polySTe] 2}l polysial-
ylationd & YAt (Fig. 2C).

ganglioside

gangl-

0o
I T

W

= = NN
o O,

o O O O»;

Specific Activity
(pmol/mg/hr)

X aX aX aX aX akx <h <P o0
W e o g F et o\&go\‘:&o‘&\ 0
A0 €0 € o

-
(=<}

Specific Activity

16 18 20 22 24

Temperature (0C)

Fig. 1. Optimal conditions for polysialyltransferase activity.
(A) optimal pH for polysialyltransferase activity, (B) metal ion requirement, (C) optimal concentration of
MgCl, for polysialyltransferase activity, (D) optimal temperature for polysialyltransferase activity.
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Fig. 2. Polysialylation of the endogenous acceptor and

exogenously added GD3 by the gastrula stage embryo
polysialyltransferase.
A, Kinetics of polysialylation with ([7) or without (M)
GD3; B, SDS-PAGE analysis of polysialylated endogenous
acceptor Arrow indicates the endogenous polysialylated ac-
ceptor molecule.; C, SDS-PAGE analysis of polysialylated
GD3.

4. S. nudus « 2,8-polysialyltransferase2| Sl CHA|Y &t
M ZA

Acceptor7} 8}50] Sle 274 polySTE| &4do] i
A gAdEz 2dHe A 97 A4 gAdEAE=E
polyST7t E3td F&d4E FVSIEL EFF ganglioside
GD3E #7tet §F polyST &4& ZH3h (Fig. 3).

kDa
215

105
68.8
433 I
—

28.3
18.1
15.4

Stages Egg |Blastula| HB EMB EG MG Lc Prism

Endo-N t- l4i~t4{-1+0-0 1 -d47-1+]-7+1-14

Lanes 1 21344516 |7 ]8 9 J10 |11 p2 (13 (14 {15 }16
kDa
215

105
68.8

43.3
28.3

18.1
15.4

Fig. 3. Developmental expression of polysialyltrans-
ferase activity in embryos extracts.
Cell-free extracts were prepared from fertilized eggs (FE)
and from blastula, hatched blastula, early mesenchyme blas-
tula, early gastrula, late gastrula and prism stage embryos,
A, The polysialyltransferase reaction was carried out in the
presence ([]) or absence (M) of GD3: B, SDS-PAGE analy-
sis of the polysialyltransferase reaction mixture without
GD3 Arrow indicates the endogenous polysialylated acceptor
molecule,; C, SDS-PAGE analysis of the polysialyltrans-
ferase reaction mixture with GD3.

polyST B4 3o} hatched Tuj719] wjolAE A
ZASA Qs e, 3 GeREE a5 27Kl
7} prism stage®] #ioiN = F&3A FAIAT polyST &
A& Y 7]o A endogenous acceptor T exogenous ac-
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ceptor GD37} £ o] 12 Vel 288 g, ac-
ceptor7} 235150} = ZHME FA} Z7]1} prism stage
oA polyST ZAJo] HA A gsirhe AL HAF polyST
o B4L 24 BARE - dujr|dA iz 2d
i ZEAS £ AU

I &

AAE Siag 7HAE 718 9] B Site FEEM W
Aol Aa 9% (elly coat) (Kitazume et al., 1994)9} egg
sperm receptor (Kitazume et al., 1996) L2321, A2 &5
(shell) (Karamanos et al., 1996)9|A] Z2|A] g to] WA H
Ak ol HAEL A9 date} wlel Sl polyST &
Aol gk A72 ojojHth. NCAMo| X & Z| A &AL AL
&2 iy oAl Y3 daEH Utk AE e
el shd Wzt & gelA UL FRALE TE 4A Y

E ZYNGUN ALY 715 BEEA WE & de v
& Aol L. pictuse] ‘dA 9} i § o] &3 A A
a 28linked ZEYAGAN A&g A polyST7}
cell-free extractd] &3 ¢Ho] E’J(Eiﬁj'_ o] &g polyST7} &
AdAe mel 2FEge A £ H83 T (Cho et al,
1996). &£ 48& e 54 AALA S. nudus®] FApo}
W& o] &3t} polySTY 54& AL, ©] polyST7h &
AAAEZE DA A AE ot gy

H A A A9 S, nudus®) polySTS) B2 L. pictuse) Hl
of ZA3HE polySTS wHA7}x = MOPS, (pH 7.0)54
12 Jehgth slRer MOPSe @A L. pictus
polySTE 50 mMoA 74 =& @4& UedAT S.
nudus®] polyST] &4 20 mMdllA 7 & AoZ |
ERgtth 34 o] 29 FIE A AP A& polySTY W
S 10 mM Mg o] & A7 Ro] F7heA &2 R
Bt} o 27 0 A= BAHE w5 & /1A FHEL AL
10 mM3} 20 mM2] EDTAS ¥3$ ® polySTe] &40
F7tgtthe Zojtt o8¢ Ak polySTE &Y 3t 34
o] ¥3¥ metalloendoprotease?] 49 Ao @& o)z}
A AA4Y 7Heidol Atk AAZ FA 9 wlel]A] gelatinase
9} Z+e o] £79 metalloendoproteaseE 9] FA|7F B
H w} 31t} (Robbinson, 1997; Mayne & Robbinson, 1996).

PolySTe] &40 HAGAEE 2PHe 2L H4% ¢
& F 7Y g3 o]Fojd AR F5F 4 Sin. e
polyST9| &4o] A= e Aol th& shie poly ST
acceptor7} A GAE 2 U8 o] 285 & Aot} polySTY

PERE

Aol HATAEZE 2FH= A& ¢V HaMe T8
2|8 polySTS acceptor7t P23t o] & FPsteid ofF
2L ko) AA 7 Ha87) Wi L. pictus polySTY ac-
ceptor® ARERE EH-F gangliosidedl GD3E exogenous
acceptor® AHE39Th. GD3E AAldE EAEA g
gangliosideo] B2 0] & A}§-3te] polyST] A TAE ¢
€ 2AVE 4= 9ith. PolyST] #41-& % 7] mesenchyme 3 H}
719 {02 UERtA Bufrld A3 FEd o 2XTL
Zagh PolySTZ7E HEo2 84 He A7d &7
mesenchyme ¥H]7]0]+= primary mesenchyme cell5©] veg-
etal plated| 4] £2]= o] 1}¢} blastocoel Z2.2 0|53t
7] wallg @&} $EF (animal pole)s ¥ate] £-3o]7]
AN ZET} polySTY Ao H e Gk A]71¢l @7l
¥ endodermal plate7} blastocoel FZo0 2 I H o]
archenteron©] ¥4 @t} o]o} Archenteron®] Eo)A & sec-
ondary mesenchyme cellE¢] A Ho] §EF £O02 o|F
g}t H2EEo 79 NCAMY & ZAgde] 271
£ 3% E9 474 (Rutishauser et al., 1988)7 =& w4
A A (Fredette et al., 1993))A A EolFo] o= &t
of AE-HEZH F5A4 FEH U= Aol gAHA
At oppt AA w el E EFALDN AlEL early
msenchyme Xuj7|9} duj7] F<tol dojye AEolE3
#FH o Y& Aoty Yo g ZFPAYHLLY 75 S AT
&17] YA polySTS} acceptorE £-2] A A|8}3 antibody
£ 9EY microinjectionstd 2 7)EL ZAMGAY,
polyST9} acceptorE gene cloningg F3le] @&#A|Z o
antibodyS WHE9] microinjectiondte] 7)1%& ZARI= @
T 88 AR08 ALRET

=
?_IQTE

rk
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