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AIM: To study the mechanism of K* depo-
larization-induced  activation of  syneptosomal
tyrogine 3-moncoxygenase (TM) in rat striatum and
the effect of ( — )-stepholidine {SPD) on this
activation. METHODS: The TM was assayed for
DOPA by HPLC-ECD; the activities of Ca’*/
calmodulin { CaM )-dependent protein kinase { PK
I) and Ca’* /phosphoinositide-dependent protein
kinase (PKC)} were assayed using histidine as
substrate. RESULTS: The incubation of striatal
synaptosomes in K*-riched (60 mmol + L71)
medium resyulted in a marked activation of TM.
PKC inhibiter polymyxin B (PMB) completely
blocked the activation of K* 60 mmol*L"! on TM.
Selective I); receptor agonist quifipirole {QP), Ta®*
removal from incubation medium and CaM
antagonist W7 failed to affect the activation.
However, SPD enhanced the activation of K* 60
mmol'L™! on TM. Meanwhile, the incubation in
K* 60 mmol+L~"! also activated PKC. Neither QP
nor SPD affected K* depolarization-induced
activation of PKC. CONCLUSION: The activation
of K* depolarization on synaptosomal TM is
enhanced by SPD and this activation is mediated by
PKC rather than by PKII .

During the periods of increased impulse flow in

central dopaminergic neurons the physiclogical

properties of tyrosine 3-moncoxygenase {(TM ) are
altered, resulting in the activation of this rate-

limiting enzyme in dopamine (DA} biosvnthe-

il - - - . .
(b27 A similar activation can be produced in
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vitro by K* (60 mmol » L™') depolarization of
(341 Ca’" -depend-
ent rather than cAMP-dependent phosphorylation

striatal slices or synaptosomes

events are responsible for TM activation due to K*

.51 However, it is still unclear that

depolarization
which Ca®* .dependent protein kinase (PK 11 or
PKC) is involved in this activation and whether
such an activation is controlled by presynaptic DA
autoreceptors. In the present study. we examined
the mechanism which mediates the effect of K
The effect of
', on the

activation of K¥ depolarization on TM was also

depolatization on DA bicsynthesis.
SPD. a novel DA receptor antagonis

investigated.
MATERIALS AND METHODS

Chemicals and reagents SPD ([a]p — 440° in pyridine,
mp= 161 T} was isolated from Srephania 1ntermedia Lo;
quinpirole hydrechloride ( QP. Research Biochemicals Inc.
USA)Y: [y P]ATP. Radio-Medicine Institute, China);
histidine. phorbol 12, 13-dibutyrate (PDB), polymymn B
(PMB)}. N-6-aminohexyl-5-chloro-1-naphthalenesulfonamide
(W7), HEPES. DOPA. D. L-6-methyl-5. 6, 7, B-tetra-
{ 6-MPH, ). and catalase
{Sigma ); B-mercapwethanol ( Shanghai Fourth Reagent
Factory}; L-tyrosine (Shanghai Institute of Biochemistry};
3-hydroxybenzylbydrazine  dihydrochloride { MSD-1015,
Aldrich Chemie, Getmany); D-camphor-10-sulphonic acid
{CSA, BDH Chemicals Lid. Epgland).
were AR,.

Rats  Sprague-Dawley rats (231 + 5 17 g. Shanghai
Laboratorial Apimal Center) were used.

Preparation of striatal synaptosomes After decapitation
of rat, the striatum were taken into ice-cold homogenizing

hydropterin  dihydrochloride

All other chemijcals

medium (sucrose 320, B-mercaptoethancl £, end Tris-HCI 20
mmol-L" ', pH 7.457  Each preparation was pooled from
10 rats. And then synaptasomes were prepared”’.

TM assay TM activity was assayed for DOPA by high-
performance liquid chromatography with  electrochemical
{ HPLC-ECD ).
proceeded'™ after synaptosomes were preipcubated at 37 T
for 10 min with HEPES 50 mmol * L™ buffer (pH 7.3)

detection Enzymatic  reaction was
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contaimmg MNaCl 128, KCl 4.8, CaCl, 1.3, MgSO, 1.2,
Na.HPO, 15.8. and glueose 10 mmol * L™'.  When
incubation was performed in K* -enriched medwum {K* 60

Y1, the concentration of NaCl was reduced o 72.8
131

mmol* L
mmol*L ™! to maintain a constant osmolarity

HPLC-ECD The HPLC-ECD systemn consisted of
Modet 510 pump { Waters), a Model UK Universal injector
{Waters}, and two reverse-phase Linchresob Cpy columns (50
mm 4 mm, 200 mm * 4 mm, 5 pm). The column elute
was momrored with & Waters 460 Electrochemical Detector
{ECD) at 0.7 V. The mubile phase was a degassed mixture
of CICH,COOH 0.16 mul'L™ ", NaDH 0.1 mol-L™", edetic
acid 0.1 mmol+ L', {54 25 mmol-L ! and mechancl 10 %
{pH 2.8). The llow rate was 1 mL*min "

Assay of synaptosomal prolein kinases The activities of
Ca”* ACaM-dependent protemn kinase {PK I ) and Ca™ "/
phosphoinositide-dependent  protein  kinase ( PKC )  were

Bl The activity of

assayed using histidine as substrace
protein kinases were expressed with the amounts of P,

incorporated into histidine from [ ¥-* P. ATP (nmel- g™!
-1
mun ).

Protein assay
dl ]

Prolein of synaprosomes was deter-
mine and bovine serum albumin was used as standard.
Statistical analysis of data All data were analyzed with

t-test,
RESULTS

Effects of Ca>* removal and W7 on activity of
synaptosomal TM during K* depolarization In
the presence of K* 60 mmol* L', the activity of
synaptosomal TM from rat striatum was markedly
increased (P <0.01).
from the

When Ca®* was removed
incubation medium, there was no
significant change in K7 -activated TM acrivity.
CaM inhibitor W7 failed to affect the.activation of
K* 60 mmol*L ™! on the activity of synaptosomal
TM (Tab 1).

PMB against activation of K* and PDB on
activity of synaptosomal TM = When the PKC
activator PDB (1 pmol* L.7' 1 was incubated with
striatal synaptosomes, the activity of TM was
increased by 43 % (P <0.01).
synaptosomal TM was completely blocked by
selective PKC inhibitor PMB 10 umol:L™!. PMB
alsa abolished the activation of K* 60 mmol-1." ! on

This activation of

the activity of synaptosomal TM from rat striatum
" (Tab 11.

Effects of SPD and QP on activation of PDB
on activity of synaptosomal TM  Specific PKC

Tab 1. Effects of W7, PMB, and Ca** removal on K”
depolarization-induced activation of synaptosomal tyrosine 3-
monooxygenase from rat striatum. 7 =4 homogenates {each
was pooled from 10 rats and assayed in triplicate }.
P >0.05, ‘F<0.01 rs conlrol; ‘P >0.05, TP <0.01 ¥
PDB or K* 60 mmol-L™".

T™ activity/DOPA

Groups nmol<g ! +min ™!

Control {Ca™” in medium] 254 + 47

K* 60 mmol* L™ 459+ 8|°
K* 60 mmol*L '+ Ca’ " removal 4472 + 84
K* 60 mmol'L™ '+ W7 438 + 76~
Control 243+33

PDE ! pmol-L™! 335+ 38
PDB ! prmo-L™"'+ PMB 10 umol+L"! 254417
K" 60 mmel*L"" 432429
K~ 60 mmol'L ™'+ PMB 10 pmol-L.7" 248 + 574

activator PDB increased the activity of synaptosomal
TM from rat striatum and the formation of levodopa
in a concentration-dependent manner. ™
activities were increased by 30 %, 50 %, and 74 %
at PDB 1, 10, and 100 pmol-L ™", respectively.
Neither SPD nor QP affected the activation of PDB
on the activity of synaptosomal TM (Tab 2).

Tab 2. Effects of SPD and QP on activation PDB on activily
of synaptosomal tyrosine 3-monooxygenase from ral
striatnm. » =4 bomogenates (each was pooled from 10 rais
and assayed in triplicate). Control ectivity was 220 £ 40
DOPA nmol * g”' *min™?. *P < 0.05, P < 0.01 s
control .

TM activity/DOPA nmol- g~ ' ~min ™!

Pl:;ll)_B L/ - PDB QF/10 SPD/100
alone pmol*L ™" pmol- L7

0.01 238+ 40 231 £54 233+ 53
0.1 286+ 43 276 + 37 280+ 77

1 310+ 30" 306 + 33 301+ 27"
10 356 + 51° 349 +61° 343+ 42¢
100 4154 74° 406+ 71" 427 + 69°

SPD enbancing K* activation on activity of
synaptesomal TM  Under the “normal” condition
(K* 4.8 mmol-L ™'}, the activity of synaptosomal
TM was 261 * 60 levodopa nmol * g™! * min™!.
When the K¥ concentration in incubating medium
was increased to 60 mmol * L™, the activity of
synaptosomal TM was increased 79 % (P <0.01).
Selective Db receptor agonist QP (0.01 - 100
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pmels L 1) did not affect the activation of K* 60
mmol*L ' on TM However., SPD
enhanced the activation of K~ 60 mmal-L '

activicy.
on the

activity of svnaprosomal TM at > | jmol (L7}

{Tab 3).

Tab 3. FEffects of SPD and QP on K* depularization-
induced activation of synaptosomul tyrosine 3-monooxygenase
from rat striatum, # = & homogenates { each was pooled
from 10 rats and assaved in triplicate). Basal activity was
261260 nmol* g™ '*min”', "P<0.05. ‘P<0.0! vs K*-
activated activity (01,

Concentrations/  TM acuvity /DOPA nmul g ' +min ™!

prols L ! QP SPD
0 167 - 57 467 + 57
0.01 462 r 53 476 £ 73
.1 459+ 76 479 + 81
I 457 £ 3v 653 + 32k
10 448 £ a2 681 = 48*
100 443+ 67 6YS5 = 53¢

Effects of SPD and QP on activities of
synaptosomal PK [I and PKC In the presence of
K* 60 mmal + L™!, the activity of PKC was
increased ( P < 0.05). However, the PK [
activity was not changed significantly. Both SPD
and QP failed to affect the activation of K* 60 mmol
‘L "' on synaptosomal PKC {Tab 4).

Tab 4. Effects of SPD and QP on activities of synaptosomal
PK T and PKC from rat striatum. n = 4 homogenates
(each was pooled from 10 rals and assayed in triplicate).
*P<0.05 vs control; P >0.05 vs K* 60 mmol-L"’.

PRI actrvity/ PKC activiey/

Groups P ool g V*mm™! P oomol g™t rmin”?
Conlrol 363 =41 253+ 56
K* 60 mmul-L7! SRS+ 73 387 =21t
K' 60 mmol L7 + QPAumul- L™
10 SR+ 64 3774 14™
104 37382 150 + 2™
K™ pi) mmol-L '+ SPDAurol L 7!
10 567 =57 376 £ 43
o0 571 +94 374 + 52"
DISCUSSION

The results in the present study confirm that

K" depolarization snmulates the activity of

synaptosomal TM and increases DA biosynthesis.

The stimulatory effects of K™ depolarization on TM
were not affected by both Ca®” removal from
incubating medium and CaM antagonist W7,
These results indicate that the increase of DA
hicsynthesis 15 not mediated by the phosphorylation
of Ca*™ /CaM-dependent PK I on TM. OQOn the
other hand, selective PKC inhibitor PMB could
completely block the activations of both K~ and
PDB un synaptosomal TM.
somal PKC but not PK [I was markedly activated by
the incubation of K~ 60 mmol*L "',
show that the activation of K* depolarization on
TM is mediated by the phosphorylation of Ca®” /
phosphoinesitide-dependent PKC on TM.

Selective D, receptor agonist QP failed to affect

Meanwhile, synapto-

These results

the activation of K* on synaptosomal TM,

suggesting that the K7* depolarization-induced
increase of DA bicsynthesis is not regulated by
presynaptic D, autoreceptors.  This is strongly
supported by the results that QP couldn't affect the
activation of PDB, a specific PKC activator, on the
activity of synaptosomal TM and that QP couldn't
affect the activation of K* 60 mmol'L ™! on PKC.
SPD is a novel DA receptor antagonist which
can reverse the negative feedback regulation of
DA hio-
synthesis The results in the present study show
that SPD enhanced the

depolarization on synaptosomal TM whereas it was

presynaptic DA
(e)

autoreceptors  on
activation of K?*

inelfective to TM activity under nermal condition
(K™ 4.8 mmol-L™ 1), This enhanced effect can be
explained by the proposal that endogencus DA
released in the synmaptic cleft inhibits TM activity
stimulation of functional

e the presynaptic

autoreceptors on striatal dopaminergic terminalst!!

and that SPD can block this inhibitory effect of

endogenous DA wia
16.E.11)

blecking presvnaptic DA

autoreceptors
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