Valume 282, number 2, 388=392 FEBS 05708
& 1991 Federavion of Européan Biovhemival Sadleries wwmwusa Sd
ADONIS‘ 001437939 10041 7
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A 96000 tkilmn phmphcprotein aiiled dephuwphin is phosphury!.ﬂed inintaet synamcmmes fmm il bmm und i rapidly tiephasphmy]mcd upcm
r.lepulnmmmn dependent culelum gniry. A 96000 dal(un phasphoproteln is afso 3 subsitate of protein kinase ¢ in synapiosama) cytesol, and the
wim of the xtudy was to determine whether the two proteing may be the sime. Dephosphin in inteet synaplosomes and the 96000 dalton protein
kinase C substrate mmigrmed on pulyncrylnmnde gels. Both phasphoproieins had identical phosphopeptide maps-af ter digestion with VB protesse,
Both p!mmhoprmems ran on isoelectric focussing gels with a pi-of 8.3-6.7 nnd focussed uy u serles of 5-6 spots. Both proteins were plmsphoryhucd
“exclugivily on sering. Both prolcius could be resolved into u doublet on longer polyacrylamide gels, The (wo. subunits were of 96 and 93 kDu in
both phusphorylmmn conditions snd had dissimilar phesphopeptide mups. However, phosphopeptide mups of cither the 96 or 93 kDi subunits
were identical in intact synaprosemes eompared with synuptosomal eyiogol. These résults show that a phosmmpmlem phoasphorylated in inpet
-e:.-mlpmmmes and & 96 600 dallon protein kinase C substrate From rat brain synaptosomal cylosol are the same, und riise the posslbﬂny thm pwlcm.
‘ kmnse Ci |s the protein klmsc responsible t‘m‘ denhosphln phusptmryl.nwn in intet syn.lptosames

I‘rqtcinlkm;uc o8 Dcp!msphm; Synupmscmc; thphnrylatmn. Phusphnpmlcm

: tosomes a cytosohc 96000 Da substrate of protem

l. INTRODUCTION
‘ kinase C was described [13]. This phosphoprotein was

Depolarisation of intact rat brain “synaptosomes:
stimulates calcium influx and the phosphorylation of a:

variety of synaptosomal proteins [1-5].' Phosphoryla-
tion is due to the activation of calmodulin-dependent
protein kinase 1I which phosphorylates synapsin I and

other ' proteins (6,7], and protein ‘kinase C which.

phosphorylates an 83 kDa protein (now termed the
MARCKS protein [2,4,8]) and B-50 (also called

GAP-43 [4,9,10)). Depolarisation is also accomipanied -

by the activation of a phosphatase and the rapid

“dephosphorylation of at least two prominent synap-

tosomal phosphoproteins termed P96 and P139 [3,11],

P96 in intact synaptosomes is now called dephosphin

and its: rapid dephosphorylation. precedes - the
phesphorylation increases of other proteins and could

play. a . role in mediating neurotransmitter release:

[11,12], Depolarisation-induced dephosphorylatmn of
the protein is not due to proteolysis, as the protein is
quickly | ‘rephosphorylated ' after. removal .of the

depolarisation stimulus [11]. In previous studies on the

phosphorylation of endogenous proteins in synap-
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‘_‘_VS protease, leupeptm. pepstatin, chymostatin,

not phosphorylated by basal kinases, cAMP-dependent

. protein - kinase nor calmodulin_-dependem protein

kinasés in vitro. Based on similar molecular weight and
localisation to the cytosolic fraction of synaptosomes it

'was proposed that this phosphoprotein is dephosphin.

[12]. The aim of this study was to determine whether
these phosphoproteins are the same. It was found that

this ¢ytosolic substrate of protein. kinase C and

dephosph‘in were i‘ndistinguishab}e._ ‘

' ‘2 EKPERIMENTAL
2.1, M'arma!s :

Phosphaudylsenﬁe (PS), 1,2 dlolem ATP, Sfap/!y{owc'cuc aureus.
“antipain,
phcnylmcthylsulronylfluondc, ¢AMP, calmodulin, phospho-amino

- acids,’ and histone  111-8 were from’ Sigma, Acrylamide, bis-

acrylamide, glycine and SDS were  from- Bio-Rad, *P; and

[y-**P]ATP (3000 Ci/mmol) were from New England Nuclear, Per-

coll was from Pharmacia LKRB, ‘and all other reagents were of
Annlyncal Reagent grade or batter. ‘

2.2, Mc?rhads

‘A purified synaptosomal fraction was. fre,shly isolated from the

" cerebral cortex of a rat (male Sprague-Dawley, 150250 g) by dif-

ferential centrifugation through Percoll [14]. The synaptosoies were

. ‘either maintained intact in a modified Krebs buffes [3] containing
finally 1.2 mM. caleium or lysis buffer was added (8. mM Tris-HCI,

pH 7.4, containing 15 xg/ml of: leupeptin, pepstatin, chymaostatin,.
antipain, and 50 xM phenylmethylsulforiylflueride), and the synap-

_tosomes homogenised with a motor-driven teflon/glass homogéniser

" Published by Elsevier Science Publishers B.V,
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-ﬁml eenml’ugid av moou » g for 3% mln 10 ebtaln ;ynamwmal |

cylosol - The final . prowein - conegniration was in the  reage
2.3~4.0 mgsml, was demmln&d {153 with boviee serum albumin uax
the standard and 80 4y proteln was added 1o gach assay tube (80 4l
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final- incubation volume) Phospharytatien af (ntaet snapiosomes.
wils peri‘efme& ax deveribed IS.HI Phaspharylation &F synapiosomal -

cytesal in the prevence of [ *PIATP was performed as deseribed
[¥3); the Tina) phosphoryladen reacton (KO L), 179CY contained

30 mM TAeHCL pH 1.4, 7 mM Mg80.. 1 mM EGTA, 4640

(7-PPIATE (4.4 3 10™ cpminmol), 2.5 xp#ml af the inhibhar protela
of tAMP.dependent protein Rinase {16), and was initiated by the ads
Cgition of synapiosemal eyeaxol. Incubations proveeded for 30 ¢ inthe
presense ar sbsence {ay indizated in the figure legeads) af 0.2 mi
free CaCly, 23 xgéml -calmodulin, 40xg/ml PS plus o ag/ml
1, 2-diolgin, and weré rerminated by the additien of 4041 of DS
stop reagent” (3] follawed by rapid freving, Polynorylamide siab get
: cleelrophoresns add aularadiography were earried out as deserlbed
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3. RESULTS

Dephasphin is phosphorylaied in ‘inmct" ,synép#_'
tosomes aflter 60 min prelabelling with “Py and is

rapidly. dephosphorylated: after depolarisation with .-
4] mM KT (Fig. 1A,

_ ‘Dep" and "Cie'), s deseribed
previously {3,11]. Dephosphin has been shown to be -
predominantly cytosolic in intact synuptosomes [11}. A
eytosolie protein from synaptosomes that comigrates
with  dephosphin' ‘on - polyacrylamide = gels is -

- phosphorylated. by endogenous. proteia.- kinase €

previotaly (31 using 7.3-14% laear gradients, Two-dlwensonal get

“eleciropharesis was performed ag deseribed [17) far the first dimen-
gionn and 7.5-15% gradient gels for the second dimansion.
Phasphopeptide maps were performed on profeings exeised from drled
Bels ns described l7j Phasphonmmc acid analysis was determingd as

(Fig. 1A, ‘PS' and 'CM'"). Phosphopeptide maps of

derhosphin and this 96000 dalton protein kinase C
substrate are essentially idendeal (Fig. 1B), indicating -

“that they are likely 10 be the same protein and that they

are phosphorylated on the same sites. The only dif-

" ference. between the pcpnde maps from dephasphin

-deseribed (18] uging proteing excised from dried acrylamide gels, -
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. Fig. 1. Phosphorylanom of dep*lcsph;n in intact symptcsomes and. synapwsomal cytosol (A) Autoradiopraph. of proteins labened in mmct..
‘synaptosorites’ prelabelled with **Py for 45 min and stimalated for, 5 s with 4L mM K* (Dep) ar 4.7 mM K* (Ctr), or phosphoproteins in
. synaptosomal cytosol pho spliorylared for 30's in the presence of [7»3*P]ATP and either calcaum, PS and 1, 2-divlein (PS) or caléium plus
calmodulin (CM). Comparisons of intact and lysed synaprosomes were performed on-aliguots of the same svnaptosomal prepatation. The
positions of depliosphin, synapsin I and protein J1i-are indicated on the left with arrows, Synapsin I and protein 111 were identified by criteria
" previousiy described [7]. (B) Autoradiograph of phosphopepnde', generated by partial digestion of dephosphin from panel A with V8 prowéase. .
The molecular weights of certain phosphopeptides. are. indicated on the right:in kDa. The r‘husphopepnde migrating at 14 kDa is derived from.
‘ phosphorylase, which comigrates with-dephosphin in these gels, Results are representative 'of 9 independent experiments.
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Fig. 2. Phosphmmhine geid  #nalysis of dephosphin. - The
phosphiorylated 96 kDa phosphoproteins. from Fig 1. teft panel,
wert exclied from the gel,. exiraeted and subjccted 1o’ partial
hydrolysisind N HCI for 2 hat 110°C and ¢ amina aeids separated
by thin layer electrophotesis and an nutomdxogranh is presentect, The
lanes. from. the. left contain dephosphin from irtact synaprosomes
{control) or depolarised synaptosomes, the 96000 substrate of pratein

5 DD

Origin

kinase C-from cytosol phosphorylated with. calcium, PS§ and
1,2-diolein, or with calcium plus calmodulin. - The pasitions .of

phusphn-wmmo acid standords are outlined. Results nre wpu:al of
. ) :hrue c\(penments.
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. tein - kinase  C ‘
' phosphorylated exclusively on serine (Fig. 2}. lsoclec-
tric focusing of phosphoprateins from intact synap--

P-Tyr

. M&w'.wﬁl

snmples which denves frem phnspharylase ﬂnd whmh
comigrates with dephasphin. . Bephosphin in intact
synaplosomes. and the 96000 dalton substrate of pro-
in soluble fractlons are both

losomes:  oF - synaptosomal. cytosol  shows that

dephosphin and the 96 kDa protein kinase C substrate

have the same. isoelectric point (Fig. 3}. Dephosphin
focuses as a series of 3~6 spots from pl 6.3~6.7 with
the 96 kDa protein kinase C substrate also focusing ag

. 56 spots from pl 6,3-6,7 (Fig. 3B and D). In these ex-

periments dephosphin was identified fram control gels,:
run simultaneously, by either depolarisation-dependent
dephosphorylation (intact synaptosomes, Fig. 1A) or
complete lack of labelling in the presence of calcium-
calmodulin - (synaptosomal - cytosol,  Fig. 3C),
Dephosphin can be resolved-into a doublet on longer
acrylamide gels and the 96000 dalton protein kinase C
substrate from synaptosomal cytosal also comprises a

- doublet that comigrates with' dephosphin (Fig. 4A).

Phosphopeptide maps of the 96 and 93 kDa form of

Lysed ,

Fig. kR lsoclec"". fo«.uamg of synaptosomal plmsphoprotems D.phosphm wag labelled in mtacl control {A) or depolansed synaplosomc.s (B) or

phosphorylmed in synaptosomal cytosol by endogenous ¢almadulin-dependent protein kinase (C) or protein kinase C for 30 s (D) and separated

on IEF gels and 7,5--15% gradient polyacrylamide gels. Phosphorylations were performed on the same preparation of synaptosomes and the gels

Were run snmultaneously The inset iri (B) shows an enlargement of dephosphin from a separate experiment to illustrate the multiple 1soelectnc
bpeClEb in the unsnmuiated mtact synaplosomes The acidic end of the gel is 1o the left of each f\sure
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Fig. 4. Dephosphin s compased of A protein doubler, (A) Autoradiograph of dcphosphm' 96000 and 93000 kDA forms in. intact resiing
synaplosames (tane 2) or 15 & depolarised synaptosameas {lane 1), Pliosphorylation in syniptosomal cywsol in the presence of calclum/PS/Diol

{lane 3) or calgium -plus calmodulin {lane 4), as described in the legend to Fig. 1. The MARCKS protein is indicated {in’kDa) as 83, synapsin -

“la and 1b as 80 and 75, {B) Phosphopeptide maps of depliosphin 96 kDa arid. 93 kDa forms from intact (Int, lanes 1 and 2) synaptosomes of
" cytosol (Cyt, langs 3 and 4) fromt lysed synaptosomes. Each of the two sabunits of dephasphm were excised fram A7T® and subjected to digestion -
“with V& proreau in n second gel. The.intnet synaptosomies were prefabelled witlr *Py for 60 min and were not further stimulated, Cytosol was -
- phosphorylated in the presence of éndogenous protein kinase C and caleium/PS/Dicl. The peptide maps af intact vs cylosolic proteins were nm;
- on the same gel, but the avtoradiographie exposure of the subunits from intact synaptosomes was longer since, typically, 1218 £ 186 cpm was’
- lvaded for each subunit from cytosol and 390 & 55 cpii and 306 37 cpm-were loaded for dephosphin 956 and 93 kDa forms respectimy
(dctcrmmed m separate expenmcnts) Molc&uhv wexght marker- pro:nms are mdlcmcd on the lctl in kDa

. dephosphin from intact synaptosomes ‘and synap-
. tosomal cytosol are the same (Fig. 4B), except for a
- 14 kDa phosphopeptide observed in the 96 kDa form
of dephosphin when phosphorylated in eytosol by pro-
tein kinase C which is derived from phosphorylase. It

is apparent that the dominant phosphopeptide from the -

96 kDa form is 20 kDa and that of Lhe 93 kDa form i is
19 kDa. ‘

4, DISCUSSION

" Dephosphin’ i5_a 96000 dalton phosphoprotemg

‘ 'doublet phosphorylated in intact synaptosomes. This
~ study identifies a soluble synaptosomal protein kinase
C substrate as indistinguishable from dephosphin, bas-

" ed on the following critéria: (i) the two phosphopro-

teins: comigrate 6n polyacrylamide gels of different
acrylamide

run as a series of multiple spots on IEF gels; and (iv)
" both comprise non-idential subunits of 96000 and

- concentrations; (i),  both are’
- phosphorylated exclusively on. serine; (ii) the two
- phosphoproteins have the same isoelectric point and

193000 daltons with the same phosphopeptide maps. -

‘Therefore; dephosphin is an in vitro substrate of pro-
tein kinase C and an in vivo phosphorylated protein

- -and henceforth this protein will be termed: dephosphm,
~ whether: ‘phosphorylated in intact or lysed synap-

tosomes. Dephosphm has not’ prevmusly been iden-

tified "as a protein kinase C. substrate in soluble

fractions fromm synaptosomes in other studies [19,20].- :
This is primarily due to thé absence of the pro_tease in~.

_hibitor leupeptin.from the lysis buffer in those studies
(which virtually abolishes dephosphin phosphorylatlon'._ :
‘by protein kinase C {13]) and to the effect of Mg?*

dephosphin phosphorylation. It.is common practice to

‘use 10 mM Mg?* for in vitro phosphorylation assays
" since this is optimal for punfled protein kinase C and
~for phosphorylation of many: subshates such as-the' .
- MARCKS protein. However, 1 mM Mg

is opnmal '
for dephosphin phosphorylat:on in synaptosomal s
eytosol, while 10 mM Mg?* blocks its labeilmg by pro-
tein kinase C {not shown).

The most likely protein kmase {x] phosphorylate,' "
*dephosphin in intact synaptosores is protein kinase C_ o

391



“Vc:lume 21!2. number 2

Smce the in vitro phaspharylawd dephosphin isa

substrate of protein kinase €, it is probable that the in

viva form of dephosphin is mso a subsirate of protein
‘kinase C. More direct evidénge will be nc:ecled 1o clarify

this point. Only two other synaptosomal substrates for
protein Lma_sc C have been identified In intacr. synap-
tosomes, . the  MARCKS

detected in synaprosomal cytosolic fractions (13,22,23).
Both the MARCKS protein’

phosphorylated in intagt - synaptosomes - after

depolarisation-dependent calcium entry (4,5,7,9).

Dephosphin is not phosphorylated under the same
-stimulus conditions since the dephosphin phosphatase
may have a significantly greater affinity or rate of ac-

tivity towards dephosphin than does protein kinase C.’

‘However, ~ dephosphin s subsequently

rephosphorylated upon termination of the calcium in-

‘flux signal [11] and the mechanism of rephosphoryla-

tion and the possible role of pratein kinase C remain to.

be determined. The properties of dephosphin -are
distinet from other characterised = synaptosomal

phosphoproteins and support a dynamic role for the

protein in ncr‘vc terminal function.

REFERENCES

{1} Kricger, 8.K., [’orn 1 and Qrgcngard P (1977),1 Blal
- Chem. 282, 2164~2773, i
{2]: Wu, W.C.-8., Walaas,-S.1.,
T (1982) Proc. Nall Acad. Sci, USA 79, 5249~5253,

£31 Robinson, ‘PJ and Dunklcy. P R. (1983) J. Ncurochém 4l

909-‘)1 8.

392

PEES LET‘I’F‘RS =

_ : protein and - B-50
(2,4,5,7,9,21), although multiple substrates have been

and ‘B-30 are .
[0} Dekker, L.V, D¢ Graan, PNE

Nairn, A.C..and Grecnmrd P ‘

Mm.%wét;

[41 Wnnn. H\. Wnlmﬁ, S 1. tnd Grcenuard. P (l@ﬁ&) 1
Feurosel. ¥, 281284,

18 Yip. RK., and Kelly, BT, (I‘JS‘J}J Nmrms:l 9, Sélﬂﬁiﬁm |

l(xl Hutiner, WiB, and CGresngard, P, (1979) Proe. Nail. Avad. Sqi.
LISA 6, $407 2404, :

[7) Dunkley, P.R., Daker, C. M nlml Rtsbmswu PJ (1986] R
Neurachem. 46 16921703,

- {8} Swimpo, D3 Grafl, JM,, Albert, KA., Greenguru P, and

‘Blagkshear, P} (1989 !‘rac Nail, mad Sci USA 86,
4012~4016. .
Rodninht. R, dnd Perrm c cwsa) .i Phyxial (Pmis) ‘81,
130348,

9

Varueeﬂ. DH.GL,
Oﬂill‘ciuhﬂ‘.h B tmd Gispen, W, H (I989}J Neurochem, 32.
©28=30,

_lll] Robinson, P.J., Haupmhe!n.R.. Lovenberg, W, aml Duinkley,

P.R, (19873 1, Neuro:hem. 4, 187-195, ‘
Robinson, P.I, L1987y Adv. Exp. Med. ‘Biol, 221, IJS 166,

]
_|l3| ‘Robinmn.?] ﬁndluvenhcrg.w (198&) Nuum:hem Inl 12

141133,

[14] Rabinson, P.I and Lavcnbcrﬂ. W, (986} Ncuméhcm Im g,
455458, . '

IlSl Bradford, M.M, (1076) Anx\\ Biochem. 72, 248-254.

(i8] Ashby, €.D. and Walsh, DA, (1971) .I Biol. Chcm 248,
12583~1261,

AP Grireels, J.T, (!979).1 Biol, Chwn 254 7961=-7877,

[18) . Cooper,  LA., Sefton, B.M. and Hunter. T. (1983) \‘Iclhods
" Enzymol, 99, 187405,

9] Walaay, 8.1, ‘Nairn, AC und C»rcengnrd P. (1983) .I

‘MNeurosei, 3, 302—311
[20] Rodnight, R., Perrert, C. nnd Doasemexi, A, (1986) Neurochcm
' Res, 11, :1049~1080, .
1] Rodaight, R., Perrett. C. ﬂnd Smenou 8. (1986) Prog Bnm
Res., 69, 373—38!

|22 Wrenn, R.W., Kateh, N., Wise, B.C, and I\uo..lf’ (lQSD)J

Biol. Chem, 255 12043 12046
(23] Kuo, J.F,, Schatzman, R.C., Turner, R.S. and Mazzu Gk
{1984) Mol Cell, Endomno! 15, 65-73, !



